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TilE ~IOVEMENTS OF PLAl\'TS. 

INTRODUCTION. 

THE chid object of the present work is to describe 
and conllect together seveml large classes of mO"c­
menl, common to almost all plants. 'I'ho Illost widely 
premlf.'nt lllon:lUcnt is essentially of tho snme nature 
as thut of the stem of a climbing plant, which bends 
Sllccc:.:liw'iy to all points of tho compllS8, 80 t!Jat tbe 
tip revolves. 'l'his llloH:mCllt has been Cilllcd by 
Sachs ., revolving IwtUtiOIl;" but we Ihwo found it 
much more coll\'cnient to use tho terms circul/Illuialion 
and circumnulate. As we shall have to say much 
about this mOl'cment, it will be useful hero briefly to 
describe its nature. If we obsen'o a circumnutating 
stem, which happens at the time to bo bent, we wiU 
say towards tue north, it will be found graduaUy to 
hem! morc and Illore cilStcriy, until it fnOO8 tho enst; 
and 80 onwards to the south, them to the \\cst, Ilnd 
back 1l)l"lliu t(l the north. H the mo\'cmcnt had been 
quite rpg'ulll!, tho apex would have described a circle, 
or mlht r, ~lS the stem is always grolling upwards, Il 
circular spiro!. .But it gencrally describes irrcgular 
eiliptwul or o\'al figures; for tho apex, after point­
ing in allY ono direction, cOllllllonly IllO\'es baek 
to the ollfJO!lite side, not, howcver, returning along 
the 8BlllU line. Afterwards other' irregular ellipses 
or omls nrc succcssin~ly described, \lith their longer 

D 

_ __ -'· .... l" ..... 1o,..,t WorkofCharlbDar I hn 



L""TRODUCfIO:>. 

Il.xc8 directed to different points of the compass. 
Whilst describing snch figures, the apex often travels 
in 1\ zigz!\g lill(" or makes small subordinate loops or 
tJ'iangles. In the case of leavcs the ellipses are 
gellcnlily narrow. 

Until reccntly the cause of all such bending mo\'e­
ments was believed to be due to tile increased growth 
of the side which becomes for a time COIlVCX; thlit this 
side docs temrlOrarily grow more quickly than the 
concu\'c side has been well established; but De Vries 
has lately showlJ that such increased growth follows 
a prm'ionsly increased. stMe of turgescence on the 
con \'cx side.- In the case of parts pro\'ided with a 
8O-<.1iJled joint, Cllshion or puh'inlls, \Ihich consists of 
an aggregate of small cells that ha\'c ceased to 
incrcll.ge in si7.o from a very early age, we meet with 
similar movements; and here, as l)fefl'er has shown t 
and 1\8 we shall see in the cours<l of this work, 
the increi\sed turgescence of the cells 011 ollposite 
~ides is not followed by increased growth, Wiesner 
denics in certain cases the accuntcy of De Yries' con­
elusion about turgesccnce, and maintains f that the 
increased extensibility of tile cell-walls is the more 
illlllOrtant element. That such extensibility must 
accoml)l\.lIY increllsed turgescence in order that the part 
may !Jend is lllnnifest, Ilnd this 11M been insisted on by 
several botanists; but in the case of unicellular plants 
it call hardly fuil to be the more important element. 
On the whole we may at prescnt conclude that in-

• "flCh. n .. t Ibo .. -oo ·l..chr­
bucb,' A.o., tlh OOit. p. ~!d) the 
;uli"lItI!OOIIIIC(:\ionbctwc..",\ur-

~;~I::\il~;::1. '~~v:"~ 
tbuln.kriimmulI~u mehnclliger 
Oq,,"1LIlOl,,_·Dot. ZdtullS,'Doco. 

19t 1·S;i:o r;c~~n Deweguu-' 
gellolc.mattorganto,' 1815. 

:'l1ntel'lluclouo)l:en Ube. den 
lI~lioU'op;lm Ul,' :Sluh. d.-r K. 
Abd.dcrWiokbleh&n..(Vjeolla), 
Jan.11>:W. 
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lXTRODUCTIOX, 

Creak .. l growth, first on ono side and then on another, 
is a !k'(,'(mdary elfl..'Ct, aud that the increased tnr­
gesM'll00 of the cells, together with the extensibility 
of their \\,Illl~, is the primary CRuse of the movement of 
eircumnutlltioll,· 

In tll (' courso of the present volume it will be shown 
that appllrcll tl yevery growing flflrt of every plant is 
contilllulily circulllnutatillg, though often on a small 
sealf', Enm the stems of seedlings befure they have 
broken through tho ground, aa well BB their buried 
radic1C11, cireumnntate, BB far as the pressure of the 
surrounding earth l>erlllits, In this univel'Sllll~' pre­
Ik"nt movement we ha.ve the l:N.lSill or groundwork for 
tbfO Requirement, according to the requirements of the 
piaut, of the most diversified movements. 'I'hns, the 
great 11\\,(:(>1)8 made by tlle stems of twining plants, 
and by the tendrils of other climLers, result from 
a mcro incrCilSC ill the amplitudo of the ordill!uy 
movement of CircUlJlllutatioll. The position which 
young i('nve:J and other orgnns ultimately assume 
is acquired by the circulllllutating movement being 
inc~l in 801110 one direction. Thc lenycs of 
various Jllanls arc said to sleep at ni,e:ht, and it will 
be Iil'Cn thnt their blades then assume fL n~rtiCBI 
poiIition through modified circlllllllutation, in order 
to protect their uppcr surfaccs from being chilled 
through I\ulintion. 'l'he movemcnts of various organs 
to the light, which are so general throughout the 
vogetable kingdom, and occasionally from the light, 
or tnLll8,'ersely with respect to it, aro all modified 
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L'\"TRODUCTIOS. 

forms of circumnutation; as again are tho cqually 
preyalcut mo,'cmcnUl of stems, &0., towards the zenith. 
and of roots towards the ccntro of tile earth. In 
accordance with these conclusions, a considerable diffi ­
culty in tho way of ovolution is in part removed, for 
it might III1\'e been asked, how did nIl tlleir diversified 
mO"ementa for the most differcnt purposes first arise? 
As the case stands, we know that thero is always 
llloreillent in progress, and ita Muplitude, or direc­
tion, or both, have only to be modified for the good 
of the plant ill relation with iuternal or external 
stimuli. 

Besides dcscribing the sevenll modified forms of 
circunlllutation, some other subjects will be discussed. 
'fhe two whieh have intcrested liS most are, firstly, tho 
fIlet that with SOlllO seedling plants the Illll>ennost 
part alone is sensitive to light, and transmits all influ­
ence to the IOller part, causing it to bend. If there­
fore tho upper part be wholly protected from light, 
the lower part lOay be exposed for hours to it, and yet 
does not bocome in the ICilSt bent., although this would 
haye occurred quickly if the upper ]lnrt hlld been 
excited by light. Secondly, with the mdicles of seed­
lings, the tip is sensitive to \'Rrions stimuli, espe­
cially to \'cry slight pressure, and, when thus excited, 
transmits an influence to tho uPI)Cr part, CilUsing it to 
bend from tho IlTesscd side. On the other hand, if 
the tip is subjected to the mpour of wItter proceeding 
from one side, the upper part of the radicle bends 
towards this side. Again it is the iip, as stated by 
Ciesielski, though denied by others, which is seusiti\'(' 
to the attroction of gm,-ity, nnd by transmission caUSCfl 
the adjoining parts of the mdicle to bend tOlmrds the 
eentre of tho carlh. These scvernl cases of the effl.."Cts 
of contnct, other irritants, ,'a pour, light, nnd the 

© The Comolete Work o f Charle$ Darwin Onhne 



IXTUODGCTIO!'I. 

attmction of gm\'ity being trilllsmitted from the ex­
citt.J part fOf some Iittlo distallOO along the org!lll in 
qUl'Zltioll, have nn important bearing on the theory of 
&1.1 luch mOl'ements, 

1hmiQaI"9Y.-A brief uplanllion of IJOmo termll whicb will 
be 1UIed, m\l$t hero be given. With seedlings, the litem which 
.upportll tbe 004yledWl' (i.e. tho organs which repl"'08Cnt the first 
IuaVtll5) lUll! been called by many botaniste the hypooot11oo01l0llS 
atom, bllt for brovily sako wo will spook of it meroly lUi the 
J.y,«XJtyl: tho stcm immedilUlly aboyo tho oolyledollll will be 
called tho rp~yl or plumult. The mdid4 can be dilltinguis.hed 
Crom tho h111000Iyl only b1 the prcacuce of root-hain and tho 
Datura of ita covering. Tho meaning or tho word eirCl<mnu_ 
wl':"n h8JI alroodybocn oxpluinoo. Autho~ speak of positive 
IDd negativo ooliotrol)ism,,-that ie, tho bendiDg or an organ 
\0 Of rrom tbo light; but it la mucb more com'eDient to confino 
the word NIi(,tr'OpUm. 10 bending to ... rds tho light, and to 
d.lignate 18 fJl·Mli«¥"'rJf'Um bending from tho Ii!;ht, Thcre is 
anothcr reason ror this change, ror writel1l, 1\.8 wo Ilaye 
obliernld, OCCMionally drop tho adjectivOli po.Iiliw and tltgaliw, 
and lhUII introduce conrusion into their diaclllllliona J)iaMi<; 
tropi.m ma,. expl"Cl!i3 a l106ition moro or 1_ trnD.8vcl"8O to 
the light and induced by it. In liko mauner JXl6itive gool~ 
pWm, Of bending towards tho centre of tllO earth, will be 
called by WI yffJlrop.;,m; a~ropUom will mean bending in 
op])Ollition to gravity or rrom the centre or the earth i and diG­
g.cJrop.nn, a IlO6itiol) Inore or 1_ i..nuL8veno to tho radius of 
the e&rIh. Tbe \'fords heliotropism and gootropi~m l)rolJerly 
..-n the act of moving in relation to tho light or tho Cl/.rth; 
wi in tho 811\10 manner 118 gmvitntion, though definod 118 "tho 
ae& of teudillg to tho oontro," ilIonen used to oxpresslhecaUll6 
of I bod1 railing, 110 it will be found convenient occa&ionally to 
-JIkly htliotropillm and b'OOtropism, &C,' 18 the cauae of the 
IDOTeIDOIltain quostion, 

The tenn t/linally is now often u80d in Germany, and implies 
\hai lhc upper surface of In orS1lli grows Illoro qnickly than the 

·Thfl htgbl1U1CCuitermaof Frank :_bi. rem.n.bl,, 'Bei. 
HoUotmpLlm and G<!otrop~1ll ~ lur PHauuupb,.aIologie.' 
"'"re finfl; \Ue<l by Dr, A, U. ISll8. 
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10l'rcr ~urfooe,lIond thUl cau8CII it to bend downwardll, n!ll~ 
nfu/y ill the revci1lC, and irnpliCll increased growth along lhc 
lo~'cr @urfllOO, causing the l18rt to bend upwardll..· 

Md/u;xll qf OlMrmlion,-Tbe movemenlll, 8()metimCll very 
flmal1 and sotnetimCll considerable in extent, of tile variollll 
orgaus obeervcd by UII, were traced in the mallner which after 
mally trials we found to be best, and whic:h mu" be dC6Cribed, 
I'la/lta growing in pou were protected wholly from the light, 
or had light admitted from above, or on one lidc as the ~ 
mi!;ht require, and WC1'(l co\'cred abovo by a large horizontal 
IIlu)et of gla.ll!l, ami with another vertical shoot on one aide, A 
gla.<;II flla.mcnt, not thicker tholl" horsellair,anu fromoqUW'ter 
to throo-qUllrtel'8or,millchin lcngth,l\'/Ulofth:C<ilotheparlto 
be ob8crl"cd by mCflns of Mclloo di880Jl"cd in al('()hoL Tho 
IIOlntion 'II'lIJIallo'll'ed 10 CI'''pOJ'll,te, until it i.Joclul\C 80 thick thot 
it !'oCt hard in two or throo IlOCOnd!!,aud it novcr injured. the 
\i""IIC8,eveu the tipa ottendcr radiclea,t(l which it 'II'lI80Pl)lied. 
To the end or the glswl filament In etteIl8h'cly minute bead of 
hlack acaliug-wlU: '\\"lUI cemented, below or behind ""hich 0 bit of 
card with 110 black dot'll'as fixed to a stick drh'en into the ground, 
The weight of the fI\lUllent WM so slight that cl'cn smalllea\'t18 
were not lJCrooptibly J)!'(Islled down, Another mothod of obticr­
I·Mioll, wheu much magnification of tho mo\'ement W/l.S not 
l'O')ui.rcd, 'IIill prosently be dcacribod. TIle bead and the. dot 
on the card were I'iowoo through the horiwllta\ or 'Vertical 
J(la_plate (acoording to the pc6ition of the object), IUld when 
oe~ euetlyoo\'ered the other, a dot wll8made on the glasa-plate 
wilh a ~harplypoillted stick (Iip])ed ill thick Imlian-illk, Other 
dot.a were made at short illten'llis of time and thC1!6 were after· 
wM'(I.ll joined bY.lltrnight liuC8, 'f hc figUI'<l8 thus traced were 
t\U'refore angullllj bllt if dot.ll Imd been IUOOO cI'cry 1 or 
2 lIliuutCII, thc linCII would h""c been more curvilinear, all 
occurred 'II'hen radiclea were allowed to t.race their O"A'U 
00111'1>08 on smoked glase-l)late& To make the dota accurately 
WlUI the IJOle dimeulty, IUld n'qnired some practice, Nor could 
tilill be dOlle quite accuratcly, when the movemcnt 11'118 much 
nU'Guified, such as 30 tm}(l8 and np~'ard8j yot Ol'en in this 
CIIII6 the gencJ'II,I COIIMl may be tr\lJ:!ted, To tOlit tho accul'!I.Cy 
of tho abol"C method of obticrvlltioll, 1\ filament waa fixed to an 

• Theee tenns am u""l;n the. • Wiirzhu" ArbcitCII,' lIert ii, 
""'laO given lI,elD by De Vriea, J87Z,p.l!:i~, 
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ilWlimate object wWch wa.s made to &lido along a IJtraight 
edge anJ dot. ,..ere rcpeatOOly made on a glMe-lllate; ... "hen 
thE. nro joincd, the result. ought to 1110\"0 been a perfectly 
straia:ht lino, and tlie line waa very nearly straight. It may be 
added that when tho dot on the eard WI8 1)laood. half-an-ineh 
below or behind tho bead of IleIling"wax,Rnd when tho glass­
piaM (~opp08ing it to ha"l'"O been propcrly curved.) stood at 11 
diatanco of 1 inllhee in front (Il common distanoo), then the 
b'&eing repl'llliCntOO the movement of tho bead Ill4gllifled 15 ...... 

Whene"l'"er I groat increase of tho movemont 111'18 not required, 
another, and in aome respects better, method of obltervation WIU 

fol101rOO. 'filii con.rsistOO. in fu:ing two minute Irinnglllll of thin 
papM', aoout "" iueh in height, to tho two coda of the attached 
IrIaaaftLamo.:nt; and when their tilllwcro brought into • line 80 
thal llM-y 001'ered oDe another, dota ,..cre mado &II before 011 the 
gta.-plate. If '11'0 suppoeo the gll\8ll-plate to stand at a dis­
tauee of lIe'l'cn inehOll from tho cnd of tho shoot bearing the 
filament, tho dota when joined, will give nearly tho l!&me figure 
.. if I filament 1JO\"cn inches long, dipped in ink, had been 
fWd to the moving sboot, and 11lId inscribed illl ol\'n course 
on tho plate, The mo\"eroent is thus considerably magnified; 
for iWltanoo, if a shoot On(! illch in length wore bending, and 
tbegJaM.platolltOOll at thodistanooofaevcn inchcs.thomovo­
Intnt wvuld be mngnificdcight times. It would, ho,..evcr, ha"l'"O 
been 1'I:ry difficult to ha,'o asoertaiocd in (l&Ch ca86 how great 
• Ien¢.h of the 5boot wns bending; and Ulia ia indispensable 
fOl' MCt:rtaining tho degree to ",Web the movement is m.agllilled. 

After dota had boon made on tho gW.p\.at08 by either of 
the aboro methods, they were oopied 011 tracing paller and 
joined by ruled linCII, with arrows showing Uw direction of the 
mo1'CEDenl. Tho nocturnsl oouI'llo8 are replUlCntOO. by IIhuight 
broken lines. Tho first dot is alwllYs llIade larger thAn the 
ot.henI,lO III to catch tho eye, III may be Il0011 ill tho diagrams. 
Too ftgurOI on the glass-plaWl! wore often drawn on too large 
• ~e to be I"Cllroduood on tho )lIIogeIJ of thi. volmue, and the 
proportion in which tbey ha"l'"e been reduced i. always gh'en.· 
WbeDeYer it oonld be apllroximately told how milch the mo1'&­
_t had been m~'Uified, thit ill stated, We 11.1"1'"0 pcrhallS 

·We are 1II000h iDdebied to hebureduoedllldeogrs,edotlr 
X,. Cooptr fur the<*Jewith which diagraml. 
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introduced 110 superfluous number of diagrams; but they Inke 
nl) less !IpIlOO tlum 110 full description of the movements. Almost 
all the sketches of pla.nta IISleep, 0:0., "'ere CtlIefully dmwn 
for us by Mr. George Darwin . 

.A.8 ehoota, leavC!!, &e., in cirenmnutating bend more nnd 
more, fil'llt ill one direction find then in another, they were 
nCOOllSlU'ily viewed at different times more or \essobliquclyj 
and lIS tlle dots were made on II flnt surface, the apPRrent 
IImount of movement is cXlIggerated according 10 the dcgroo 
of obliquity of the point of view. It would, therefore, havo 
boon a much better plnll to have used hemispherical gln.sses, 
if we had poeseMOd them of 1111 sizes, lind if the bending part 
of the shoot luui boon dilltinotly hinged lind could lut.ve been 
placed 80 as to have fonned one of the radii of the sphero. 
But even in this CIISO it would illn'e boon necessary afterwards 
to have Ilrojected the figures on pa.per; so that coluplcto 
accuracy oould not hnve been atminod. From the distortion 
of our figuros, owing to the above causes, they are of no uso 
to anyone who wishes to know the oxact lIJllount of movement, 
or tbo exa.et course l)\Inluecl; but they serve excellently for 
ascertaining whether or not tho part moved nt all, as well 113 

the geneml charnctor of the mo\·ement. 

In the following chal)ters, the mOW:mcllts of a con· 
siderable number of plants are described; and the 
species have boon arranged according to the system 
adoptod by Hooker in Le lIaont and DeCJ.\isnc's 'De­
scriptive Botany.' No Olle who is not iuvestigating 
the present subject necd road all ihe details, which, 
however, we ha\'6 thought it advisable to give. '1'0 
88\'e the reader trouble, the conclusions, and most of 
the more important parts have been printed in larger 
type thun the other parts. ITo may, if ho thinks fit, 
read tho last ch!lpwr first, as it includes a summary 
of the wholo volume; and he will thus soo what 
points interest him, and on which he requires the 
full evidence. 

Finally, we must have the pleasure of returning our 
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,inC(!!'(' thanks to Sir J oseph ITooker and to :Ur, W, 
Thi8l'lton Dyer for their great kil1<luCIIS, in not only 
eendillg 1111 pluuis from J\:ew, hut iu procnring others 
from II(lvc1'8l sources IIbcn they wcre required for our 
obll-n'atiOllsj also, for lltlming Illany specics,nnd giving 
US information on various points. 
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CHAPTER I. 

T"" CIIIC"llKNnATDI(l lIIoVDI>:NT8 OP SJ:I'.IlLlJOl"G PUNT8. 

BllW'iea ol~raoe .. circumnutationor the radi~lc. or the arched hyp"­
C(Itylwhil~t8tillburiedbene .. th the grouud. ,,·hiM.iling lloo"e tioe 
ground Bnd draightening i~lf, and when croct-Circumnutation 
or tbe ootylOOoua-Rate of movcmcnl_Analogom .. ho!el"\'~tion. on 
,·".ioul olJ(lmll in 'JlC<'iCil of Githago, G088ypiulII, OIl\li~, Tro­
I'liO'!olum, Citrm, ~ulu ... or !leWMlI LegumiDOul Rnd Cueurbita· 
coou~ gmera, Opuntirl. HelianUms, Primula, C~clamtn, 8lapelia, 
Ce.intbe. Nol .. "", Solanum, !kla. Ridn"", Quereu., (,-o.ylu .. Pinm. 
eyelll, Canu ... AlliulII, Al!PIU9gul, I'ru.larill, .ze.., A \"t'UB, Nephro­
diutu,audSelagiueU ... 

TilE following chapter is devoted to the circum­
nututing movements of the radicles, hypocotyls, and 
cotyledons of soodling plants; and, when the coty­
ledons do not rise al)(we the ground, W the movements 
of the epicoty!. But in u future chapter we sllaU ha"e 
to recur to the movements of certain cotyledons which 
sleep at night. 

Brau.iro olera«a (Crodf=).-Fu\ler details will be giTcn 
with respect to tlle movements in thill C8.8C thlLIl in any other, 
as spaoo IUld time will tbus ultimately be S&YEl(l. 

Radiele.-A sood with the radicle projecting -05 inch was 
fastened with sheHIUl to a little plat-e of zinc, so tbat tbe 
radicle stood up vortically; and II. fine glnsa filament WlIIj then 
fixed ncar its ba.se, that is, elOllO 10 the sood-coata. The seed 
was surrounded by little bits of wet sponge, and the mo,·o­
ment of the lJcu.,:1 at tho end of tho filament was traced (Fig. 1) 
duriJ1g sixty houl1J. III this time the rndicle increased in 
length from "0510'11 inch. Had the filament boon Rttoohed at 
firsteIOIIO to tbe apex of the rndicie,and if it could haTe re­
mained there all the time, the movement exhibited would have 
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I..etn much greater, for at tbe CI086 of our obeerTII.tioUi tile tip, 
ilUkad of standing Tertically up..-ardt, had booome bowed 
d01rllwarda through gootropism, 110 III almost to touch the :tine 
plate. .AI far III we oould 
t'(I~hlya.8Ct'rtainbym('S/luro­

menu made with 001»1_ 
on eXher i!oOOds, the tip alone, 
for a length of only rhto 
Th of an inch, i.8 acted on 
bygootrophlln. Butthetrac­
ing lhonth.ttbc basal part 
of the radiclll oontinuo:l to 
cirenmnul.ateirreguJarlydur_ 
ing tho wholo timo. The 
actual extreme amount of 
mO'l'ement of tbe bEad d the 
end of the IIlamont wae nearly 
'05 iUl'h, but to what eJ:h.'ni 
the mO'remcnt of tile radicle 
was magnilloci by tbo lila­
mellt, 1I'hieh Willi IIMrly J illch 
in length, it WI/I impollBiblo 
toe.tillat.e. 

~! 
Bmuiccl oI~'ei~mnl1l.aI;Oll of 

radiele, tra«d 011 ho'iz .... t . J g],w, 
from 9 A. • .II. J ail. 3ht 10 9 P.lI . 
• '.b. 2nd. Mo ... rnnt of bud U 
.lId of Ill . m. u, lDAgnillri about 
ol(l\;mu. 

Another IJIled WIl.II treated and observed ill the same manner, 
but the radicle in this case protruded '1 inch, and wu lIot 

"\ 
Rrau;ca o~, eireurnnutating alld ~tropie mo ... mnt or radido, 

tl'al:lldoDhoriIODWgl_ ",urin,"6houn. 

faatened .. M to project quite vertically UI)wanlL The filament 
1JM a61100 ciOlfI to ita bMo. The tracing (Fig. 2, roduood by 
balf) "10 .... the movement froID 9 A. ••• Jan. 8lai to 7 A. ••• 

Feb. 2nd; but it oontiuuod to move during the whole of the 
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~d in the !18ffie general diroction, and in a IIimilar zigzag 
manner. From the radicle not being quito )X'rpendieuhu when 
tbe filruuent WI1!I affilO(i gootropiam eame into play at once; 
bnt the irregular l.igzag oourso shows that thcro was growth 
(prooobly I)rcceded by turgescence), sometimei'! on one and 
IIOmetimel'! 011 another side. Occw!.iona!ly tiJ() bes,(l remained 
stationary for about an hour, and tben jlroloably gro,,·th occurred 
on the aide oppoaiteto thtltwhieheaused thegootropie cueva-­
tucc. In tho C8II6 !Iccviou.ely described the bual part of the 
'.cry short radicle from iJ<>ing turned vertically U))mt.rds. was at 
first vcry little affected Ly geolropiHm. Filaments were affiled 
in b·o other inslanCE8 10 mther longer radicJCIII protruding 
obliquely from secda Wllich ha(l been turnod upside down; and 
in thCllCC8.8Ca the lilies trnoodontlUlhoriwnln,l glWillCllwero 
olily slightly zigzag, and the movement was ahmys in the salOO 
general direction, through the action of geotropism. All thCliC 
ob8ervations are liable to/lOfl9usi eauses of error,bnt we believc, 
from what will hereafter be shown with f'CI!)JeCt to the move­
ments of tile mdiclCII of other plants, that they may be largely 
trusted. 

lIyPQCOtyl.-The hypoootyll)rotrudClllhrongh the 1!OOd-roais 
I1iI a rcdungular projection, which grows rapidly into an urch 
like the letter U tunJ(ld Ilpsidu down n; the oolylodolUl being 
still ellclOflCd within the 6G(l(1. In whatever position the 6G(l(i 
may be embcddod in the t!arth or otherwil!6 filed, both IcgJI o f 
the areh bend lIpwarda through apogeotropism, and thus rise 
ycrtically ahoye the ground. .-\s 800n ... tbis has taken place, 
orcyen t!artier,the iuner or oont!aye surfaee of the arch gro"·s 
more quickly than the IIp))Cr or OOUYCl: flUrfaoo; and this tends 
to scpnmtc tI,e two IcgJI anti uids in drawing the ootyledoOll out 
of the huried. seOO-roa\.ll. By the growth of the whole llreh the 
ootyledons aro ultimately draggod from belleaU. the gronnd, e,·en 
froID a oonsiderable depU.; lIud now the hypoootyl quickly 
Irtraigbteusib;elf by the incl"ClLsed growth of tbe OOllt!aYO side. 

EyeD whibit the arched or doubled. bypoootyl ia still bent!alh 
the ground,itcircumlllltatOllIl8 mucb as the pressure of too sur· 
rounding soil will pc.nllit; but this was difficult to ob8en-e, 
beeaUsellll 800n lIS the arch is frood from lateral p1"C:lJllncc the two 
legs begin to IICpnrnte, e"ell ut a '\"Cry ourly age, before the Brch 
wOll1d naturally have r('oohed the surface. Seeds were II110wco:l 
to germiullte on the 81lrfllCC of druul) earth, and after they had 
11100 thewsehOll by their radielee. IlIld after the, aa yet, ouly 
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.. ~btl, &reb •. 1 hyporotyl had beeome nt'Sfl,. vertical, a glass 
ftlaznentwualll.xed on two ooe&!iiOIlll near to the ha86 of the 
t..t 1<"If . i.e. the one in oollDeeliOIl witl, the radicle), and it!! 
IIIoJniIDf'nlawl'r(ltruced in dark:neeaona horiwntal gllISII. T he. 
renaJt wu tbat long Iiues wcre formed funning in nearl,. the 
plane 01 thcvertieal arch, due to the early f!Cpamtion of the 
two I~ now fn't'{\ from pressure; but M the lines werc zigzag, 
thawing 1i1ft-rul movement, the Ilrch mnst Illwe bot:!n circum­
nnmtinA'. whiM it was straightening itself bJ' growth nloug its 
innerorcoUeI\Vesufmee . 

.180mcwhstdiffcrent method of obsenntion '1\./18 next followed: 

Fig. 3. 

Lr..w.~, ril'MlPlallt&tiDg mO"~''''Dt of bDried all<luched hYJ><>­
e<>I.dCdillllyillUPlili&l$I f"""aboye),t.--l"" h .. ri..,.,t&11l1 .. 4ur,ag 
4:>""" .... lr.,uon.Dt"rbeaJ"flilamtlltlll.p,liodaboouI2$tilOH • 
.... 1 h .......... ,;'..! 1.(> ""e-halr"rorigh •• r ... l~. 

U lOOn a.I the earth with ee«Is in a pot began to crack, tht' 
~url_ 11'11./1 removed in pam to the d~pth of "'l inch: aud a 
Illamtont WM fll:ed to the basal leg of a buried nnd archod I,,.po­
oatyl, jnMt above the summit of the radicle. The OOtyledoUll 
trel'O IItili nhuOllt completely enelOBOd within the much-era.eked 
~-oo&\jj; aud til()lj() were ngain covered up with linmp adhesive 
"Iii J'~ pretty finnl,. dowu. The mOvement of the liI(lment 
nil tr&ooll (FiF:. 3) (rolll 11 .... M. Feb. 5th tHl 8 ...... Feb. 7th. 
B,. t.hia latt«r JX'rioo.l the cotyiedoD8 had. been dragged £rom 
bene.th tbe 1're-'.-dOIrn eartlJ, but the upper part or tbe 
byro .. ",t,.l !!till fanned nearly a right aOF:le 'I\·ith tbe lower part. 
'Ibetraeiogilhontbattboarchedhrooootyltcodsatthismrly 
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age to citcumnntalo irregularly. On tho first day the greatcr 
movement (frolO right to left in the figure) W(13 not in thepllllle 
of the verlien\and arched hypooolyl, bnt at rightanglCII to it,or in 
the plane of the two cotyledons, which were still in cl,*, contact. 
The basnl leg of the arch at tho timo when the filament W(13 
Il.ffixed to it, WII.I! already bowed considerably ba.ckwarua, or 
from the ootylOOon8; had the filament boon affixed before this 
bowing OCCUJTC(\, the chiof movement would have been at right 
angles to that shown in the figure. ..l filament W(13 attll.ChOO to 
another buried hypooolyl of the salllO lISe,and it moved in a 
similllrgoneralmn.nnor, but the line traco:l. was notsocomplc::t. 
This Ilypoootyl becamo almost straigbt, and the cotyledons were 
dragged from beneath tiJO ground on the e"l"eningoftlieS(lCond day. 

fig.i. 

;~ 
-' '" --.... ~ 

~ ....... ' .. --

Bro&!ic"oIer~ :circ"mn"uotiDgrnov.rn.utofburitd .. ndar"hedhypo­
cot yl,with the two leg. ef tbea.ch titd u.g<ther,uactdon b<>rizontal 
gla ... during 3.3; hours. }Iovement ~f \h~ b ... d "ffil ame"t magoifi«l 
about 26 tim • ., aod her. Nduet<l 1.0 one·hlf originl ..... le. 

l3cfore the abol'oobservntionsweremooe, somoarohed bypo­
colyls buried at tho depth of a quarter of !UJ inch WCl'C un­
covered j alld in order w prevent the two legs of "the tlICh 
from beginning to IlCfBrato at Ollee, they were tied together with 
fine .silk. This WIIS dona partly bccaU80 wo wished to ~rtain 
how long the hypocotyl, in its IIrcbed condition, would continuo 
to move, Rnd whethcr the mOVOlUcllt when not masked Rnd 
disturbed by the straightening plOCOS/!, indicated circumnu­
ta.tion. Firstly, a filament was fixed to the basal lcg of IW 
arched hypoooiyl ClCOMl nbo,·c the summit of the radicle. 'rho 
cotyledoIllj wero still partial1y enclosed witJlin tho aced-ooata 
'rho movement W!1.8 trll.CCd (Fig. 4) frow 9.20 A.ll. on _Dee. 

Th k f hrl lin 
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23td to G..!ti .I. ••• 011 Dec. 25th. XO doubt tho natural mo,c­
IDeot "' ... much disturbed by tho tll""O lega haviug been tie..l 
~; but 11"0 fIOO that it "Was distinctly r:igZ4f!", finn in ono 
dinrliOQ aud then in an almost Ol)poeito one. After 3 P .•. on 
the tUh tho Mellod h)lJOOOty! IIOwctimea remained stationary 
.... eon&iderable time, and when moving, moved fllr 1l10wer thlUl 
W:ne. Therefore, on tho morning of tho 25th, tho gIW!8 fila­
IDeIIt 1faJI rcmovod from tho base of tho basal log, and WIII:I filed 
horizontally on tho summit of tho arch, which, from tho legs 
ba ... iug 1)1."('n tioo., IlIw grown broad and almost fiat·, The 
mon:Wl'nt ·WIIII now lraood during 23 b0l1111 (I<'ig. 5), and we 

0~'·/ 
',. 

~~, cir<1llll~"U.ti"~ mnnlll."t o(lbeen'-lIn(a h"ried anJ ."hod h:rpwulyl, wilh the t .. o I.~ liel l"g<th~.,tfllCeol Qnah"n. 
2>'lItalJI_.I"ri"r:!3houn. lfonlllt Dtuflba,,",Jnrthe.lilallltnt 
",.",i;; .. 1 aho~~ ;.~ tIIot .. anJ bt..., ......t .. .,.j t(> ulle-half original ..,. 

_ tbat tho OOUnIO Willi still 7.ig108;::, which indicatilll a tendenoy 
to c.iroumuutatioll. 'I'he baso of tho basal log by Ihill time l:w.d 
aimoItoom])letelyceasodtomoye, 

.u.oou all tho ootyledoll8 have ~n naturally d11lgb'ed. from 
beaeatb the p-ouuu, and the hypocotyl 11l1l:I Iltraightened itself 
bJ grorih .10011" the innor or oonca.'Q surface, there ill nothing to 
iDtcrl"we with tho froo UIO\·emeuu of the pntts; and the circum­
au.tatiOD IIOW heoomes mnch morc :regular aud clearly displayed, 
.. .-bown in the following _ :-A 8eOdlillg w .. placed in 
iroot au'" ncar. north-ealJt window with a line jo.i.uing the 

~ ___ -' ...... m.p!ete Work of Charles DerWin Online 
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two ootyledons parallel to the window. It WM thUH len the 
wholo day BO &8 to aooommodato itllelC to tho light. On tho 
following morning a filament Wl\Il fixed to the midrib of the 
ltuger and tallor ootylodou(which enfolds the other and BlllIIol1cr 
OliO, whilst still within tho lIOe(l), and a mark being pla.oed. 
elOllO behind, tho mo,'Cment of tho wholo Illau!, that ie,oC the 
Ily~olyland oolylooon, waa traoed greatly magnified on a ver­
Ucal gla118. A.t lint the plant bent I!O mnch lonrds the ligM 
tbat it \\'&II uscl_ to attempt 10 tmoo Iho mo"ement; bnt at 
10 .1..11. bcliotropilm almOllt wbolly ooased and the lint dot WlUl 

Dl'IJMfcil~: conjoint d...,nmnnlaliunotlb. hypowtyl audcolyltdon. 
durinK to hon,..'~ tnlnutu. .·ignre bere reduced toone-halfofiginal 
Ital •• 

moo.o on the glass. The llUIt Wl\Il made at 8.45 I'.X.; seventeen 
dota being altogether made in thi3 interval of 10 h. 45 m. <_ 
Fig. 6). It &bonld be notiood that when I looked Bhottly after 
41'.11. the bead \\'&II pointing of!' the glasa, but it calll6 on again 
at 1)1IOp .•. , and tho COUfIJO during Ulis iute"al of III. 80m. has 
i)()Cn filled up by imagination, but C:8.Ilnot be far from correct. 
The bead mo ... ed seven timos from side to side, and thus de­
ecribed 81 allipliclI iu 101 h.; oach being completed on an 
avcrngein8h. 4 m. 

On tho previous cUy another !!COOling had been ob8crved 
under similar oouditiOllS, ucepting Uwt tho p1a.nt WlUI I!O 

(C) Th l eo f Chari rwln Online 
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plaoeo.lthat a liue joining the two ootylodonl pointed toWlLrds 
thewiDduW"; an,1 tbefiiamellt .... 118 attached to the IJlDIlllerooty­
leJOD on the aido furtbeBt from the ~indow, Moreover, the 
plant W"aII now for the ftrtlt thue placed in this J*ition. The 
Ml1eoJon& bowed themselvN greatly towards the light from 8 to 
10-00 ..1.,111" when the first do~ WAS made (Fig. 7), During the 

F;g.1. 

/ 

J 
B~M~,eonjoiDtd",umDutiltiono(lbeb1poeot,.l .ndeotrled"..., 

(""" IO . .\oOA.lII. 10 8..1..lILon tbe (ollo.,.iDg mornillg. Tracing ",aM 
on.y,rtlealrlua.. 

DId 12 honl"8 tho bead swept obliquely up and down 8 times 
and dcscribed .. fig\1l"08 representing ellipBOll ; 80 that it travelled 
M nearly the Sillne rate as in tho previoul case. During the 
night it moved UI)WllrdS, owing to the sloop..movomC'llt of the 
ootyJedons,and oontinued 10 move in tile same dirootion till 
9 .... .11. on the following morning; but Uta lall.cr mo"Clueol 
woold not hM'e occurred with eoodJinb'fl under their natnral 
OODditionafully OlpoeOO. to the light. 

B1 9.2.5 ..I..lII. 011 this IlOOOnd day the l&Ille ootyledon had 
o 
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begun to ((lU, and a dotwll.ll made 011 a fresh glAAl\. The movo­
mont W3!I tmeed until 5,30 P.lf. as shown in (Fig, 8), which ill 
glycn, because tho course followed was mucb more irregular 

thall on t he two pre\'ious 
Fig.S. occasions. During these 

8 hours tho llCfl.d changed 
itll course groatly 10 times. 
Tho npwnrd movemcntof 
the cotyledon durin~ the 
afteruoon Dnd co.rly part 
of the Ilight is bere plainly 
shown, 

As tho filaments woro 
Ib:od in the three last 
cases to onoof the coty· 
ledons,and 115 the hypo­
cotyl W3S left free, the 
tracings show the moye­

iJro">C,,ok.'I'CN : .onj ~intcircomnotAtiop mont of both organs con-
~f th o h~'po<X>tyl and "otyledonl during joined; and we now 

!,~~t~T ~~;~~~~a~~:l:::'o~~c: ::: ~::!l~t~ =~~~t~'; 
Filaments were thereforn 

fixed horizontally to two hypocotyls clO&l beneath the petiolCII 
of their cotyledons. These seedlings had stood for two days 
in tho SlIme JXl6ition before a north-cnst window, I n the morn­
ing, up to about 11 A.M" thoy mo,'oo in zil;zag linca towards 
tho light; and at night they again became almost upright 
through apogcotropism. After about 11 A.)I. they moved a 
little back from the light, often crossing and rocrol:ll!ing their 
former path in zigzag linoo. The sky on tllis day varied much 
in brighlnel!8, and theee observations merely proved that tllO 
hypocotyla were coutinually moving in a manner resembling 
circumnut.'Ition, On a previons day which was unifonnly 
cloudy, a hypoeotyl WII5 finn!y 800urcd to R little slick, and 
a filamelltwas fixed tothc larger of tbetwocotyledons, and its 
movement WII5 traced on !I "orticn! glass. It fell greatly from 
8.52 A.M., when the first dot was made, till 10.5(; A.M. ; it then rose 
greatly until 12.17 UI. Afterwards it fell a little and made a 
loop, bot by 2.22 P,M. it had risen 8. little and continued rising 
till ;1.23 P .lf. , when it mado anolher loop, and at 10.30 P.ll. WIlS 
agninrising, Thcseobfen'ntiousshow lhatthcco\ylcdollsmove 

W rk rwn nli 
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vertically up aul1 down all day long, Ilnd M there wtUI IIOme 
Illil('htlaternlwoTcroent,tbeycirculnnutated. 

The eah~ ...... ouc of the first planu,. t1l0 lJOCdlinp of which 
wcroohl!o.>rTOO by ua,aud we 
di,l not thcn know how far '-i,.9. 
the circmnnutationof the 
dilf,'r(lnt l)IIrls 1\11/1 affected 
by lighl Young aoodlings 
w~re th(,refol'(l kept ill oom­
pl,to darkuclIII t:A:OCpt for a 
winule or two duriug each 
oblervatiou, when tholwere 
illuminated by. anall wax 
taper held aiwoet Tertically 
aboT8lhem. DUringthelUst 
<!aytho hypoootylof one 
ehaD~ ita ooUI"8O UI times 
(_}'ig.9);anditdesel'VC!J 
llotiOOthattholongcraxC8 
oft.ho flguroadCl:lCriboo.i often 
cl'OIIIIonoaootlicr at right or 
ll6i\rJyrigUaugles. Another 
IOOJlingwllSoiJb('tI'oo ill tho 
1IIWl6 mallller, but it '111'/111 

much older. fllr it 100 formed 
"true leat I quarrel of all 
incb in lengtb, and the by· 
poootl! wul,illCh in height. ,.. 
Thefigur6tnlOOdW'Mlvcry , 
complex one, tilough tile _______ ! 
lDO~ntlraallotllOgreat ~ 
in attla! at in tho ltlSt eallO. B~ okraoea: (;~u,unulalioa of 

Tho hYllOOOt,,1 of another hypooolyl, in darkn_ l~ OD ~ 

::=r I~ :l;~t:n~ti~~::~ ::~i7?t~~r ~~~O'-::" :~~i afilanwnt hll.vingboe.n filed 8.30 .... 11. on tIM r"nowlar moro-
to tho midrib ofono of the iOI:' flrun h .... reduced too OD ___ 
ootyledoll.l,lbe movement of hal(ornril' .... loeale. 

lhol!llaJ W&I ttaoodduring 14h.15m. (Il00 Fig.lO)iu darkness. 
Itabouid be notal that tho chief moreroent of theootylodonlJ, 
rwool" up f.lld down, would be IJho",u on II. hoiUoutal glass­
p!ate only by tho linOli in the direction of tho mi<1.rib (thllt i~, 

C 2 
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lip and down, lUI Fiy. 10 here stantia) beillg a little lengtlwlloo 
or shortened; wiJOroM Illy lateral 1ll0"ement would be well 

Fig. 10. 
exhibited. Tho prQII(lnt trneing ~hOW8 
thll.t tho colylooon did thusmo'l'elaterally 
(Ihat ill,from side to aido in thetrneing) 
12 timeain the 14 h. 15m. ofobeena· 
tion. Therefore tiKlootyledonH certainly 
eireumnutaled, thou~h the chief move· 
ment WlIII Ull and down in a wrticnl 
Illane. 

flak of 1II<ItPmIImt.-Tho mO"cmenta of 
tllehypoeotyJsllnd ootylooon8of seedlilli:' 
Cilbbagesofdiffe~ntagt'l'lhll\'enowbeen 
sufficicntly illustrated. Witb re8llCCt to 

BrauiM ~,tir- Ih~ rate, soedl.ingB were plAced under tho 
c .. mD~lalj"m o r • lUlCl'OllOOp0 with 1110 Btage removed, ami 

::;:t<lh~~t!: h~ ~!~ ~~i~7::!~r ~~;~t.ecem'loi:'~~:~ 
:::.7on

IO
• :,,:,~!: IllantH ,,,ere illuminated hy light ~ing 

tal glu .. in d.rk. 111l'OughasoiutiOllofbichroDlatoofpot8l1' 
"~", from 8.11> .0.11. Ilium @o lUI to eliminato heliotropism. 
1.(1 10.30 '·.X. Mo~e- Under thes(! eirclllnlltnnCC:II it was interosj.. 
:b:Dt/il!"'~~~ ::::n~~ ing to ol:eem how 11I1)idly the circum· 
~ed IS II",.. llutalingapelofacotyledonllMl'!edllCro8II 

tho divisions of tho micrometer. Whilst 
travelling in anydireelion tile .pel generally oeci11ated t.ck· 
wards and forwards to tho extent of rill .ml fIOmetimetl of Ilellrl,. 
Th .. of an inch. ThC8e oecillations were quitfl differellt froID the 
trembling caused hy 9.lIy disturoolloo ill t.he Mmc room or by 
the shutting of II. disumt door. Tho llrst seedliug oh!crvoo WM 

nearly two indIOS in height and had been etiolnted by iJnvin!,; 
hcen fm>wn in darknCIIII. The tipof the ootyledon }lIIssed IICl'066 
10 divisionlof the micrometer, that. is, n of au inch, in 6 m. 
40 8. Short g1a.8l filallll'uU! were thcu fixed vertically to tho 
h)llOOOtylsof!lOveral aocdliugB 110 as to Ilrojl'dl littlelbovethe 
oolylOOol18, thUll exaggerating the rate of movemcut; but only a 
few of the obllt-"ation8 thus mado Ire worth giving. The mOllt 
remarkablo fact was the OIICi1Iatory mO"emcllt above described, 
lind Ihediffcrellceof rato at which !lIe point efQll:l!C(} the divi­
!lions of the micrometer, nfter S110rt inten'alB of time. For 
instanoo, a 111.11 nol-etioiated osecdling 1md lJeCll kel)t for 14 h. 
in darkness; it '!fIlS eXl106ed before a Ilorlh-east window for oo1} 

(C) Th C m plete f hrls ,,' 
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hro or three minule. whilst a gla;;s filall\cllt '111'1\8 heel vertically 
to the hYlJO('()tyl; it was tllcn agail\ placed in darknCf18 for half 
lUI honr an,1 afterwards o!Jeern.d by light ~ng lhrou:::h 
bichromate of potil!>iium. The point, OIICillating M uanal, 
Cll_1 live dil'i~ion.l! or the micrometer (i.o. m inch) in 
1 m. 008. 'fllO IJOC<.iling wlI8lhen left in darlmeali for an hour, 
anJ now it l'OOluirod 3m. 68. 10 CI'OlJll one division, that is, 
Um. :JOILtO lUlvo crosecd five divisionlJ. Another soodlillg, 
&fterbeingoocasiollaUyobl!ervcdinthebaekpo.rtofanorthem 
room with a very dull light,and loft ill ooloplote darkness for 
in~rval~ of half aD hour, crossed five diviaiolll in 5m. in tho 
diroetion of the window, so that we ooncJudecl that tile move­
ment "'IUI heliotropic. But this WIoII J)robably not the _, for 
it 1I'aII plaeW. eloee to a north·ea.I!t window ami leU there for 
:!oj la, after which time, instead of moving still more quickly 
Coward.! the light, as might have beell clilerled, it travelled 
CDlyat the ... te of 12m. 8011. for five dil'ieiona. U""1111 thell 
~in left in oolUplete darknCS8 for 1 h., lIud the point now 
iraHli1eel in the Barno direction l1li before, but at tho rate of 
8m. 1811. for fh'e divillionll. 
Wo~hllU have to roour 10 the 00lylodon8 of tho Cflbbage in a 

futuro rhllJller,wheuwe treat of their sleep-movements. The 
cireumnutaliOIl, 111.80, or the leavcs of rully-developed plan19 
.. ill h(:l'\'a!ler bedeaeribed . 

• ·ig.l1. 

-~~ 
{ -~--~~ 

GilMgo ~""" d"'ornnuiation of "YP"C"t~l, lra,'td ou a IIorioou\a l 
.11 .... "1 m .. M of. MameDt find tl1ln. n .... 11ac..- ita . umrni!., f!'<lm 
~.I~ ... .11 ... IZ:I~ P.". 00 the following da1' lIoYf1nut Qf b.d ~f 
~~at"""lIih..deboutI3ti"""bU"ffilUc.dlo_h.lrl h. Origl"'l 

(iiI. 1tV/"'" (ClI.ryOJlhy\1C«1).-A youug &e<ldling'nll8dim1y 
iIIwninateJ from abo'fo, and the eireulllllutatioll of UlO hypo-
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ootyl WfIS obeerved during 28 h., as shown in Fig. 11. It moved 
in all directions; the line.<! from right !Uld to lef\ in the figure 
being parallel to tho bladel> of tho ootyledons. The s.etual 
distauoo tmvelled from side to side by the summit of tho 
hypocotyl was about '2 of an inch; hut it ""lIIl impossible to 
be BCCumte on this head, fIS the mOl"(! obliquely the plant WflS 

\'ieweil, after it had moYcd for some timo, tIle mOl"(! the distancea 
weI"(! Cl{aggerntOO. 

We endeavourod to observe the circumnntation of the coty­
ledons,but as thcyelOl!O together unlC68 kept expotied to a mode­
rntel,-brightlight,and!.LBthehypoootyliHextremclyheliotropic, 

Fig. 12. 

G<»f ·,p .. ,.,.. .. ClrtumDll' 
talionof hypoootyl, 
traced on . harium_ 
ulgl ..... from 10.3(1 
.o. .... t09.3I"1A .... OD 

~~l,:~!. ;o;n~~ 
mont fixed aCross 
it •• ummit. )lov .... 
ment ofbe..d of fil a· 
rnoutmagnifitdabollt 
'wiC<l;utdhngilJu_ 
min.ottdfrorn above. 

the DOOOI!8nry arrangements were too 
troublesome. We shall l"(lCur to the noc-
hlrnal ofsloop-moycmcntsof the cotyle­
dons in a future chapter. 

G'-""Ypi"m (var. Nankin cotton) (Mal-
Vl&eem).-The eirenmllutation of a hypo­
cotyl WII8 obaervcd ill the hot-houoo, hut 
the movement 1\"118 80 much exaggemted 
thatthoOOad twice po.saod fora timo outoe 
viow. ItWII8, however,lnanifcst that two 
somewhat irregular ellipses were nearly 
completed in 9 h. Another soodling, 
Ii in. in height, was then oblierved during 
23h.; hut the obeel'Vlltion8 were not 
made at snffieiently short intervals, a.s 
shown by tho few dots ill Fig. 12, and the 
tmcillg WlI!I not now suffieientl,- enlarged. 
Nevertheless there could be no doubt 

about the cireumnutation of the hypocotyl, which described 
in 12h. a figure rl)l)rcscnting tbrro irregular ellipsca of uneqUII.1 
sizes. 

The cotyledons arl) in constant movement up and down during 
the wbole day, and as they offer tho unusual caso of moving 
downwards late ill the 6\'cning and ill the early part of tho 
night, lIlally ohscrvations were mado on them. A filament was 
fixed along the middle of one, and its mOl'ement tmood 01) a 
vertical glass; but the tracing is not given, as the hyJX.lCOtyl 
WII8 not soourod, 110 that it Wfll! im)X)S8ible to distinguish clearly 
between its movement and that of the cotyledon. 1'ho coty­
ledons rosa from 10.30 A.lI. to about 8 P.M.; thoy then 1Jan.k till 
101'.:1(., rWng, however, gl"C!l.tly in the latter p&rt of tho night. 
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The aog!e& above the horil:on at which thoooty1OOon8 of another 
IMdImg atood at diffeNnt houn i8 recorded iu the following 
aborlt.bJc:-

0rI.':!O 2.Mlr.lIII. 
.. 4.2<'1" 
.. f>.~II .. 
" 1O.4!1" 

Oet.~1 8.HA.II. 
" 11.1:'., 
" (UII'.", 

2:.C . bo ... horl . 0II 
22<' ", 
" , .. 

3:.
0 

" 
LOO below horl!on. 

The position of tho two cotylOOoll8 Wall roughly sketchOO at 
'IVions honn ... ·ith the _Inc gencmil'Ulult. 

In the following 8ummer, the hytloootyl of a fourth IIOC'dling 
tru eecured to a little stick. aud a gl&118 fllamcnt with trinngles 
uf pal'er having bccn filOO to ODC of tho ootyledous, ita mont­
menta ... ·eN tl1lced 011 a "ertieai glMl! under a. double akylight in 
the houf\e.. Tho fint clot W88 made at 01..20 P.M. Juue 20th; !llld 
the eotyJooon fell till 10.15 P.lI. in .. nOQrly litmigh~ line. Just 
~ midnight it wsa found a littlo lo .... cr and IIOmewhat to oue 
aiJe. By tho early morniug, at 3.45 .... 11 .• it bad rieen greatly, 
l>nthy6.2J)A.II.had falleu a little. 1>uring the1\'hole of this 
daJ' (218t) it fell in a IIlightly zigzag Iino, but its nonna! oourse 
... disturbed by the want of 8uffioieut illumination, for during 
the night it J086 only a littlo, aud tm'l'ellod irnlgularly during 
the whole or the following day and night of Juno 22ud. The 
U«'lHling and deeecnding linell tmood. during tho throe days 
did nut coincide, IJO that !.he movoroeltt was one of cil'(':lImuuta­
tion. This 600clliug WILlI then taken b4ek to tho hot-hou!W!, "nd 
&fior five day8 was in8pectOO at 10 ) '.:11., when the ootyiedOU8 
wore f"uud hanging 110 nearly 'Vertically doll'u, thllt the,. might 
jIlatly be said to h",'o been 881001). On tho fullowing lDOrning 
the,. had MIIlIll(llI their usual herizontal IlOIlition, 

O.al .. _ (OmIiJcm).-Tbo hl'llOOOtyl .... 88 eecurod to II little 
Hit-k,and an ellremely thiu glass fi!nment, with two triang!08 of 
papor, .... lIIIattaehed to one of the ootyledons, whieh wlI./I·15ineh 
in length. In this lind the follOIl'ing 8pecies the end of tho 
petiole, where united to the blade, il develo)Jed into a pulvinna. 
Tlao IllOl: of tbe ootylodon 8toodOllly5inch08£ro1ll thevcrtieal 
ttU,.t!IO that ita m'm~mCIlt 1'r8II not greatly exaggemied M long 
.. it remained nearly horir.outal; but in tile oourse of the day it 
Imh J086 oon8idembly above and fell bcneRth a horizontal perli· 
lion, and then of eoUI'8O the Dlol'emcnt W88 much eugg<lratod., 
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In Fig. 13 its couraeis sllown from 6.45 ... )1. on June 17th, to 

Fig. 13. 

11 

7.40 ... 11. on tho following monl' 
ing; and we soo that during tho 
daytime, ill tho conrse or 11 h. 
15 m., it tr.n-ellcd thrice down 
IIndtwioe lip. After 5.45 P.lI. it 
moved rl!.l)idly downwards, and 
in an hour or two dopended verti· 
cally; it thus rcmained al! night 
asleep. This position could not 
be represolltod on the "erticai 
gllWl Ilor in the figuro here giVOil. 
By 6.4.0 ".lI. on the following 
morning (18th) both cotyledons 
hoo risen greatly, and theyeon· 
tinued to rise until 8 ... x., when 
tlloy stood almost horizontally. 
Their movomont was tucod dur­
ing the whole of this day and 
until tho noxt morning; but a 
tracing is not given, as it Wflll, 

c1oselysimilllrtoFig.13,exoopt. 
iug that tho lil108 wore moro 
zigzag:. Tho ootyledons moved 
7 linlO8, either upwards or down. 
wards; and at about 4. P.)!. the 
great nocturnal sinking move-
melltoommoncod. 

Another sOO(llillgwn.sobserrcd 
in a similar lllllnner during noorly 

s··ItO' ..... 2·1 h., but with Ihediffercnoo that 
the hypocotyJ was left froe. Tho 

j / ~:~:~ll~;\:' .. ~:.~: ~~~:; 
y ~:: 1!~~:~107 11.:::£ u~;a:rl:; 

O"",/i. ,.".,." circumnutAtioll <if downwards (Fig. 14). 'fho noc­
ootyledon., the hYl'oootyl being turna\ sinking movement, which 

~~:~:~:~f~:i::;~~:~l~~ ~~ ~~:~ri~n~~~~=s~~II~~ 
mcncod about4.l'.}!. 

O=li, Valdiviana.-This spooiCti is intel"Clltivg, as tho ooty. 

W rk rwn nli 



CIlJoP. I. OXA LIS. 25 

looOllll ri., perlJoendieulllrly upwards at night 110 as to oome into 
cJo.e oonOO, instead of sinking ... ertically downwards, u in the 
_ of O. rtlf"I1. A gla!16 filament Wall fixed to II. ootyledon, 
'17 of In inch in length, and the hypocolyJ WIllI len. (roo. On 

rig.IS. 

( 

,·W .. ~~:--
o~ .. )",,/J;"'''''' ' coajoiD~ 

til'Cllmautalloaoracotrle­
doaandtbehrpooolrl,lrated 
oanrtlcal ,1-. during. 2' 
bOlln. figu ... he ... ,'~~n 
one-hlr of .. ngin.l "",1ei 
-.lUng Ulumiuled {rom 
above. 

t he first <1n.y the seedling WI\8 placed too fllr from the vertical 
g\M1I; 110 U,at the tracing WII.II euomlOUIIly cxaggerated and the 
movement oould not be traced when the ootyloooncither l'Ofl6 or 
IIIlllk much; but it was clearly 1lOC0 that the ootyloooOll lO88 
thrioe and fell twiC'6 between 8.15 A.M. Ind 4.15 P.lII. Early 00 
the following morning (June 19th) the 11)81 of I ootyledon was 

I t f hd rl e~ !'WIn nlin 
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placed only IJ inch from tho vertical glass. At 6.40 A.lI. it 
stood llOrizontally; it then fell till 8.35, and then rose. AI· 
together in thoooul'flC of 12h. itroso thrice and fell thrice,1IS 
may be !lOOn in Fig. 15. Tho great nocturnal rise of tho ooty. 
ledo!lS usuallycommenCCll about40r 5 P.lI., and on the following 
morning they are expanded or stand IlOri1.onta\ly at about 6.80 
A..1I. In the prescutilliltance, llowo"er, the great nooturnal rise 
did not oommenoo till 7 1'.11.; but this was due to tbe hypoootyl 
lmving from some unkllown caUllO fempornrily bent to the len 
sido, as is shown in tho tracing. '1'0 ascertain positively that 
the hYJXlCOtyl eircumnutated, a mark Wlloll placed at 8.15 P.lI". 

l)6hind the two now elosod and yerUcal oolylOOons; and the 
movement of a gll1811 fila.ment hod upright to tho top of tho 
hypoootyl Wlloll tmood. until 10.4.0 P.lI. During this timo it 
moved frem side to side. as woll lloII backwards and forwards, 
pillinly showing eircumnutation; bnt tho movement Wlloll small 
in extent. Therefore Fig. 15 represents fairly well the move­
monts of the ootyledons alono, with tho exception of tho ono 
groot aftcrnoou eUTVII.tnre to tho left. 

O:mli. CQ1"JIieulau. (val'. cuprea).-The cotyledons rise at night 
to a. varia.blo degree a.bovo tho horbon, genera.lly about 450 : 

those on somo seodlingt; between 2 and 5 days old were found 
to be in continued movement all day long; but tho mo~ements 
weremoresimplotluwinthoJasttwospooies. ThismayluH'o 
partly resulted from thoir not being sufficiently illuminated 
whilst being o\;os(ln'ed, as was shown by their not beginning to 
risenntil very late in the evening. 

O;rol.& (1Jwp!.ytum) lI:miliva.-The cotyledons are highly re­
markable from the amplitude and ra.pidity of tlJe ir movements 
dnring the day. Tho angles at which they stood abovo or 
beuCflth the horizon were measured at short intervals of time; 
and wo regret that thoir course was not traced during the wholo 
day. We will give only a fow of tho measurements, which were 
made whilst the seedlings were exposed to a. temporature of 2"31 0 

to2JjOC. Oneootyledon rose 700 in 11 ro.: another, on a distinet 
seedling, fell SO" in 12 m. Immediately before this latter fall 
tho same cotyledon had risen from a vertically downward to a 
"Vorticallyupward position in 1 h. 48m., and had therefore 1>as8C<1 
throl1gb I SO" in nnder2h. Weha.·ometwithnoother instanoo 
of a circumnutaling movoment of sueh great amplitude as 180"; 
nor of such rapidity of movement as the po.sBage through I:!O" in 
12m. Tho cotyledons of this plant slOOl1 at night by rising 
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'fertica1lyand coming into close contact. This upward move­
ment diWen from one of tbe great diurnal OICilIationa above 
d .. ribed only by the ,lOBition being permanent during the night 
and by ita periodicity. 88 it alwaya oommencea late iu the 
l!il'oning. 

j'l"OpIIlOlum min!!. (?) (Vfir. Tom Thumb) (TrollDl!cro).-Thc 
cotyledons afO hYJlogcan, or uever rise above the ground. By 
removing the 80il a buried cpicotyl 
or plulUule wu.s found, with its Fi,,16, 
!wnmit arellOd abruptly down-
wardll, like Ille arched hypoooty! 
ofthecabbagoproviou81ydC8Cribed. 
A glMl filament with a bead at iU" ...... ffi.oItot"''''''''haU') . or leg, jU8t above the hypogean 
ootyledoU8,wh.ichweroagainalm06t 
~nrrouudod by 100w earth. The 
t racing (1'1g.16) allO .... a theoouTll6 
of the bead during 11 h. After the 
laB! dot given in tho figuro. the 
bead moved to a groat distance, 
and finally off the gll16B, in the 
direction indicated by the brokcn 

!:..!~i8s~t~ m:I::ent~:u!~ 0-. 
c:aTll,urfaoooftllearch,":u.sCBll8ed~""M"'(7):cl"''''''. 
"y the t-I leg bendIng b&ck:_ ~"t.alioa"(b"rled ...... ,,,1ted 
wa.rdsrromUloupperp&rl,thatis fptoot1I,I~",.""rl ..... -

::i~:li~n ~~~~o!::~~: ~:5'}2f:~=Efi!~ 
occurred with the hypocotyJ of tI ..... 
the cabbage. Another buried and 
arched cpicotyl 'I'M obecrred in tho IiIlmo manner, excepting 
that tho two lCg8 of tho arch were tied ~thcr with fmo llilk 
for tho IiIlko of prevcllUng the great movement just meutioned, 
It moved, however, in the evcning in the fllmlO direction as 
before, but tho line followed WIUI not 80 straight. During tho 
morning the tied areh moved in an irreJ:,'111arly circular, strongly 
cigug OOW'llO, and to .. greater distance thall in tile previou8 
case, as 1\'88 Ihown in a tracing, magnifiod 18 lilll/lJl. The PlOyo-. 
menta of a young ))Iant bearing a few kav .. and or a mature 
plant,willbCl'ClUlerbedCl>Clibed. 
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C."lnu armmlium (Orange) (Aurantiaccre).-The cotyledons 
are hY)Xlgelln. The eireumnutation of an epicotyl, which at the 
clOl!(l of OUf observatious was '59 of au iueh (15 mm.) in height 
abo~'e the grouud, is shown in the annexed figure (Fig. 17), as 
obserred during a period of 44 h. 40 m. 

A:scultu hipt«(lAtanu", (HippocaslanCffi).--Germinating seOOa 
were lll&eed in a tin bO:r, kept moist internally, "ith (!, sloping 
bank of damp argillaceous sand, on which' four smoked glass­
platc6 reeted, inclinod at angl06 of 70° and 60° with the 
horizon. The tips of the radicles were placed so as just to 
touch tho upper end of tho glass-platos, and, as they !,,'l'CW 
downward.s thoy llressOO. lightly, O\ling to geotropism, on tho 
lIJlloked surfacel!, and left b'uoka of their course. In the middle 
part of each track the glass was swept olean, but the margill8 
were muoh blurred and irregular. Copies of two of thesc tracb 
(all four being nearly aliko) wore made on tracing paper placed 
over tho gJ(I.IlS-plates after they had boon varnisher:l; and they 
arcaselactn.s JlOB6ibJo,considoriug the nature of the margins 
(Fig. 18). Thoy suffice to 8how that there WB8 some lateral, 
almoat serpentine movement. alld that the til'S iu their down­
ward course llrcssed vrith unequal forw on the platCll, as 
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the tracks varitd in breadth. The more lIerfeetly IICrpentine 
t rack!! marie by the ndieles of Ph,U«<Jlu. ",u/lijlorUJ and I'ie'-u 
jaha(llrefientlytobodCIICribed),reeder 
it almOflteertaie thattllO ndie\et:lof rig. 18. 

th'I'~~"t"I.",d,,= .. I.I"". ~ \ P/uuHiWlfflullij/oru.(Lcguminosre). 
-Four smoked gl9.S11-plllles were Ilr- 4 

ranged in the same manner Ill! des-
eribed under lEsculu8,and tile iraeb 
len by Ihe tipeof four radielet:l of tile 
pre&Cnt Illant, whilst growing down-
wards, were pbotogmJlbed as trans- A. B. 
parent ohject& Thrre of them are A:""" ... ~,~d"'''''': o~t­
here e~tly oopied (Fig. HI). Th?ir ~il'::'ed°rKI=:iatL:.ft b';t:; 
eerpcnhno OOUreeII show that Ihe ilpa of .-...lid_ I. A tha pb~ 
moved regularl:\" (rom side to side' wU Indl .... at 7(/> .llh 

they al80 Il~ allcrnately wit!: !!':. ~o.~7':'b-:'ndl!~~~~ 
gree.ter or Icsa foroc on t he platCII, '23 ineh ill diameter at~. 
IIOmetirn(l8 r ising up and lca.\·ing them In n Ihe 1,1." ..... inclined 

~U~:I~:r !~ . ~~:r 8~ d:!~m:~ r~iie?~d~h' :!ri.:nt~~! 
origillll.l plates timn in the COllies. 
These radieh~8 therefore were COUtillufl1iy moving in all diree­
tiOllll-that is, thoy circumnutated. The distanoo betwoon the 
extreme ri~l1t lind left positions 
of the radiele A, iu its lateral 
movement, Will! 2 mm.,!I.S ascer­
tained by ~ment with an 
e;fe-piece micrometer. 

i'ieid. jub$ (Common Bean) 
(J...eguminoero).-lIadw. -Some 
beanB WCl'(! allowed to germinate 
Oil J..re Mnd, and arter one Imd 
llrotrudcd i l.8radiele loa-length 
of '2 of 1111 inch, it Will! tumed 
IlpsidedowlI,lIOtbattberndicle, 
-.rhieh V,M kept in damp air, 
now stood upright. A filament, 
nearly an illchin length, .. "lIS 

1 r 
A. II. c. 

l'MNOIIlI'l'lll'ltiJlonu:trtlckl ieft 
onIDdin • .tlmoked'la .... plftle& 
by Il pIo{ r..Jid,. I. growiug 
dO ... D .... rJ,. A 811,\ C, piaU. 
inclin~I.1 60", n incl llHMl al 
68",,·itbtbthoriZOD. 

atfu.ed obliquely nllllr it.s till; and the movement of lhe 
ttnniliBI bead W!I.S traood from 8.30 .d..1I.. to 10.30 1'.11., ... sho""Il 
in Fig. 18. T he radicle at first ehanged ita course twice 

<;) ~ m W rl< des D rwn nlln 



ahruptly, then made a fIIIlA][ loop and then a larger zigzag 
lJuring the night and till 11 -'..11. on tho following 

fi;.:!Q. 

~r-J 
~~ .. -

V~:&~ ~~~~:'::~:: t~ ~~·!\,:.~~:t!1 ~::nfu~:~;~to:~ 
){o..--tlIt ofbeo<l of lil .... eot ..... gni6ed Z3 tiIDea, hen reduced 10 
oue-hal(o(oriiPnal-'.e. -

monliug, tho beAd mo\"oo to 110 great di~ta.nco ill a nearly ltmigU 
lino, in thodirootiollindicatoohythobrokculino inthefigure. 
ThiB rosultcd from tho til) bending qnickly downwards, as it 
had uow become much declined, and had thUl gained a poIIition 
highly rllo\"ournblo for tho action of geotropism. 

)j\{\ , 
A. D. I). E. 

V.,." filM : t ..... k.I.l"l.oll inclin.d.moced gl ..... rlAt",brtiV-or .... did~. 
io growing dow'n"u.t.l. l'la" C lOU inclin!"tl.t 63", plateo A.Dd D 
'171°,1'11,"- BII7r,o,.nd pl.te E.t.f .... dec._beDftth tb.e 
bori ...... 
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Wo ne:zt expcrimentcd on nearly a /IeQ", of radi~h.lII hy allowing 
them to pow downwards over inelint\l.l IlI"tos of smoked glMl!, 
in exnetl, tho .. me manncr lUI with iEsclllue and Phasoolue. 
Some of the plates wcro inclined ooly a row dcgn.._ beneath 
the horizon, but 1Il0lit of them bet"'oon OO"ond 7;'°. In tho 
latter CO/OO8 tho m<liclCB in growing dO"'nwartls were dcfloctcd 
only II Iittlo fl'IIU tho (lirection whioh they had followed whilst 
grnninating in 8Clwdust, aud they pl"C8l'K'd Hg!Jtly on tho glMS­
pllltell(I"ig.21). }'ive of tho most distinct trlKlkJI are hcro 
copiod, and they arc all slightly sinuous, showing eireumnuta­
ti"o. Moroover,aclOlle enminatioooC IIllllOI!Itevery ono of tho 
b"aeu clearly.howed that the tip8 in U,cir downward ooun;e 
b8d alterllately proesed "ith gnlater or log Coroe on the plates, 
and hat! lometi'"M risen lip 110 lUI nearly to lea\"O them for ahort 
intern.l.. The dilltan(e behr-oon tho extreme rigllt and let\. 
poKiUonlloftho rndie1tl A W8J10'7 mm., ucc.rtained in tho&a.mo 
~nnerll3illthoensoofPha.scolll.'!. 

f.pit:Olyl.-At tho ]JOint where tho radiclo had protruded from 
I beo.nlai\1 011 it.8sido,a flattelloo IIOlid lump Ilrojoctcd 'loCan 
inch, ill tho Mmo horizonml plane with the boon. Thill protnber-
1.1100 oonBi.<;ted of tho oonvex summit of tho arohed epiooty]; 
I.IId aJI it becmmo de.eloped tho h'o legll or Ihe areh curved 
themselnlll laterally u))wards, owing W l]lOf.:OOtropism, at Buell 
a rate that tho IIrch stood highly inclined after l4h., and 
1"ertictJly in ·18 h. A fiillment was filed to the crown of 
the protuberance before any arch WIUI vilJiblo, but tho basal 
hal! !\'lOw 80 quickly Ulot on tho IIOOOnd morning the end of tho 
tIlament WM bowed grestly downwnrds.. It wall Ihereforc rc­
mo~ and Ilxed lowcr down. Tho Iino traoo:! during theac tw.) 
dal1O%tendod in tho 8amo general direction. and Wallin part8 
_rly Btrnight, lind in othel"!! plaiuly :dg7.D;;", thue gi1"ing 8Omo 
e~"eno:laoCcircumnutation. 
A~ Ihollrchod cpiootyl,in whatoverpo8ition it mlly00 ploood, 

heods quickly upwards through IlpogootropislIl, and liB the two 
~ tend ntaverycarlyage to separnle from onoanother,as 
IIOOD aJI thoy arc relioved from tho Pl"Cll8l1rc of tho Rurrounding 
eanh, it Willi difficult to IlIIOOrtain poaitlvoly whether U!OOlliootyl, 
whilllt trnlainillg arched, eireumnutated. Tbe"-,forc IJOme rather 
deeply buried IXllWI were nlloovered, and the two legz of tho 
arebel were tied together, lIB bad heen dOllo with U.o epicotyJ 
01 TropeeoluUl nnd Ihi.! hypoeotyl of tho Cabbage. The move­
IPCIlq of thi.! tietl arohea were lmced in tho usual III.II.IlIIOf on 
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two QOOlI.Siollll during throe d~~'1I. nut the trncings mllde under 
Buch unuatural oondiliolls !Ire not worth giving; and it nood 
only be I!IIoid that the lines were decidedly l.if,"Zag, !Iud that 
I1lI1a1\ loop'" were ocCl\8louall,. fonned. We lUay therefore cou­
clude that the epioolyi cireumnutalCII ,,,hiigt still arched and 
before it hu grown tall enough 10 break through the surface 
of the ground 

In order to ob6cn'e the loovements of the epicotyl tot a 80~ 
what DlOre IIdvauood agv, a filament W&H fh:ed near the baIl6 of 
one whieh wu no longer arehed, for its ul>per Ilal! IlOW formed 
a right allgle with tile lower hAlf. This benn hlld gormillated 
on bore damp sand, and the epicolyl began to straighten iil;elf 
much IlOOncr thall wonld Ila"e occurred if it hid boon ])roperiy 
planted. The COUII!e ])ursued during 5Oh. (from tI A.X. Dee. 
2{ith, to 11 A.lf. 28th) i8 here shown (Fig. 22) j and we J;e6 

l'~/h!::;1 C!:e:~~::::!:I":I.':~D\I~i:t!~i. t;;C:JnQ~·~~B=h~~~~~ 
nified 20 tim .... heNl N!ductd to one_half of or1Ili".1 tc.le. 

that the epicolyl eireumnutated during the whole lime. It8 
bMal part grew 80 much during the 50 h. that tho filament 
at the end of our ObllorvatiOIlll W&II attachOil at the height of 
'4 inch above tho upper surface of tho be&n, instood of cloee 
to it, If the bean had boon properly planted, this part of the 
Ol"oolyl would still have boon heneath t11680il. 

wte in the evening of the 28th, IIOme honn after the abo"e 
obl!en-!ltioDS wen! oorupletoJ, tho epicotyl had grown mlleh 
stmighter, for the upper part now formed a widely open angle 
with the lower part. A fllament was flxed to tho upright basal 
JlIIort, higher up than before, CI060 beneatb the lowest _Ie-like 
proooBll or homologue of a leaf; and ita movement wu traced 

i?l The Completo> Wor'K of Charles Dsrwln Online 



1..A THYIW8. 33 

durin« 33 h. (Fig. 23). We 11ere again havo pillin OTidenoe of 
ronUnuoo rireumnUlation. Had the bean been pl'OpetlYIJlanted, 
the p&ri. ot the cl'ioolyllo which the fllamen\ WM attached, the 

Fig. 23. 

IDOI"Cment of which is here shown, would probably 1Ia'-c just 
rwnabol"otboaurfaeeof thegrouud. 

L.IlI!!" .. , "juoli" (Lcgumin088l).-This plant 111'11.8 .elected f'lr 
ot.-rmtioD froUl being an abnormal form with ~likc lea,.!.'!;. 

LaI~~,:,iI':';",,: ~~r~~,~~~:t':;:;',oiro.!e,;;_.~~ ~~~~g,,:.'~~~~: ::~_~: 
23m. )f"~~ln~"l of fOol or lear magnified .bo,,~ 1';1 tim ... hue "". 
d"otdlo",..·halfoforigitl&l..,.l •. 

Tile cot,kdou.I are hypogean, and tho opiootyl bl"('O,ka through 
tI,. ground in aD arehod form. The DI(lvCDlenbJ ot .. stem, 1'2 
inch in hei~ht, oonsiating of three internodee, tho lower one 
alll108t wholly subterranean, and tbe upper one bearing II. ahort, 

o 
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narrowlCRf, i8 sholl"n during ~I h., in Fig. 2t. No glass filament 
..... Af! employed, hut. mark WAll ))IACed benCRth th_pex of the 
leaf. Tho aetnal I<'!ij,-th of tho longer of tho t ... o eJli]l8CII do­
scribed by tho stem WII.8 about· II of an inell. On the previolls 
day tho chief liDO of tnO\'ement 11""8 llcnr!y "t right anglCl! to 
that sholl'll in the J)reIlCnt figure, fl od it WII.8 more simple. 

<.:~it. 1.Qru. (LcgumiDOSal).-A 1!«.'(1Iing was plared before a 

(".w." 10M ' t"<Iojoint eircun)Dut.tion~ft"<llyled"nl.",lhYJ'OC'ltyl, tr.~l 
Nl ,·tnica1 ,laM, rrom 7.10 ... )1. Stl,t. ~5th tv 1.!lO ".)1. 26th. H,uu 
h ... ,iy..,ttdu~l"o_h.lrofuri,iDa! .... I •• 

·&~oft1.l1 plant, .... hich ilour',hor/!owcrweU ... it.b ... ; 
1I ....... nlW-rthe_ .. ide. ,.·creol:ut Ihey..-erel'Clltto Ii" ..... and ,,~ru 
10 u' by "'ritz i\1 ~l1er r.o:om S. ]lronouncod not to be diliinguleb. 
JJrazU. '!'be rtecdln ..... du\ nol nvlofrom 0. 11W(1. 
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no"h-ca..~t window; it bent \'or1 littlo toward.llt, 0.8 the hylJO­
colyl I\'hieh "lI.IIlefi (roo wa8l'1llher old, and therefore not highly 
hf,liotropic. A filament had been fu:ed to the midrib of one of 
thll oot)'ltdonl, and the movement of the wholll IlOO(l.Iing Wl!.8 
traced during two da)'8. 'fhe eireumnutatkm of the hypoeotyl 
ill fllIite insignificaut colllpn.rod with that of the cotyledons­
ThCiiO riee 1111 vertiCldly at night and come into c10ee contact; 60 
that they nm, 00 8Il.id to s!e~w This seedling WfUJ to old that D. 

"~ry sinall true leaf had hoen developed, which at night was 
completely hidden by tho elOlled colyloool\8. On Srpt. 21th, 
beh·ocn 8 A.)!. and iJ P.x. , tho cotyledons mO'l'l.J five times \11' 
and tho timCfl down; they therefore deecribod five irregular 
clliJlll(!l in the ooUI'8O of the 9 h. The great nocturnal rille com­
menced about 4..80 P.». 

On tho following worning (Sept. 25th) the moVClJl(!ut of 
tho !!BlUe cotyledon ,",118 aga,in traced in the IInllle wlUluer 
dllring 21 h.; and a cop, of the trot:ing ill bere giv~n (Fig. 25). 
The IIlOnliog was oold, Imd the window tmd bocn aceidtntally 
left open for a Ihort time, which must have chilled the plant; 
and this probRbly preventod it from mo\·ing quite 118 freely 8.8 

on the pnn·ioull day; for it l'QIiO only four and 8Il.nk onl, four 
limea duriug Ihe daY,oue of tho oscillatiOIll boing vory small, 
At 7.10 A.,.., whell the first dot Waf! m.ade, the cotyledons were 
uotful1yopcII orawnke; theyoontiuuoo toopcn tiUaoout!lA.lot., 
by "hieh lime they had sunk a little bonoath the horizon; by 
\1.30 A.,.. they had rillCn,audthen thoyOlK:illated up and down; 
Lut Ihe upward and downward lill~ ne'·cr quite eoincidcd. At 
about J.80 P.)!. Ihe groat IlOCturnai rille colDlIIClloool At 7 A.:II. 
on tho following morning (Sept. 26th) they occupied Ilcnr!y 
the Mrue level u on the previolll monliug, as abown in tho 
~;theyth"nbcgantoopenorsillkintheturual manucr. 
The diagram Icads to Iho bolief that tho great periodical daily 
riIloall(( f,,11 ,100f not dilfer e8IICntially,cxC(lpting inamplitudo, 
from tho O8(IillatiOIlS during the middle of tho day. 

1M", J!<OOl«IU (U)gUnlllloseJ).-'f ho cotyledol\s of this plant, 
aftcrthefowftrst days of their lifo, risclO as to stnnd nlmOllt, 
thoughrareIYfillite,ycrUca1lyatnighl Theyoontinuetoaetin 
thilmanncr for II 10llg limo even after tho development of somo 
of tho true lei\·CfI. With 8OOdIings, Sinchell itl height, and bear­
iIlgfivoorllixloanl8,they 1'0lIO at night about 45'", Theyeon· 
tinllOd to ad thus for about an additional fortnight. Sut­
quenti1 t hey renw.ined horizontal at night, tbough stil! green, 
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and at IlU!tdl'OJlJ)eti 01I. Their risinA: al nij:lhlllO all to stand 
almost "crtically appeanl to dClll'nd la~ly on tcmperature; 
for 1II'hen thOlee(l1ingll \Tere kCI)t in a 0001 hOIlIiO, though they 
atill colltinuod to WO\T, tho ootylooons di(\ not oocome "ertical 
at nig:ht. It ill remarkable that the cotylooonfl tlo not generally 
riee at night to any conspicuolls extent during the first four Ot 
Ih'o dnys arlcr germination; but tho period 11'/1.11 utremely 
\'Ilriablo with I!OOdlinga kept under tho ..... mo conditions; and 
lJlIIuy were OI)lJ()tyOO. GiaSB fllamouts with minuto triangles of 
paller were fixed to tho ootyledolls (U mm. in breadth) of two 
_!lings, only 2-4 h. old, and the hypocotyl WM securod to a 
IItick; their movements greatly magnifloo ""ere IrtICed, and they 
certainly cireUlnnnlaied tho \Tholo timo on a small IlCfllo, but 
thcy did DOt exhibit Iny distinct noctunlal ami diurn&1 moye-­
ment. Tho hypoootyls, when left free, eireumnulated over a 
large~. 

Another ami milch oldCl' AOOdliog, boaring a half-deyeloped 
lmf, had its movements tmeed in a similar manner during tho 
three first days and nights of Juno; but eoodlinga at this age 
appear to be very IWnsiti\"o 10 a dell.cieneyof lil\'ht; thoywero 
obecn'od 1lnder a rather dim skylight, at a tempcmturo of 
boill'oeil 16°w171"C.; andal)parently, in con'Mlq\lenooof thCl:'C 
conditionll, the great dailymovemont oftllo cotyledousceasod 
on tho third day. During the first two days Ih,·y began rising 
in tho enrlyaflonloon in a nearlystrai~ht lino, llntil bet1ll'oon 
li aud 7 ".11., "'hen they stood vertically. During Iho latter 
JlI.rt of tbe night, or more probably in tho {SIb morning, thoy 
~n to fall or open, 110 that by 6.-15 A.lil. they stood fully 
Clpanded aoo horizontaL '1'hoy continued to fall 1II0wly for 
IIiOmo timo, and during the 8COOud day d(>l('ribL~1 a I<inglo 
~matl ollipee, between 9 A.lI. and 2 P.l1., ill IlIlrlilion to Ih(' 
!;'l'I'6t diurnal mo\'emenl The COUr8C punued during the 
whole 2-1 h. WI\8 far lCllll complex tlum in tho foregoing C!IBO of 
CASBia. On the third morning thoy foil "cry much, and then 
circumnutntod on 8 small scalo rom](1 tho AAmO~jlot; by 8.20 
1'.11. thoy 8-holl'oo no tondency to rillQ at night. Nor did tlw 
ootylcdollH of auy of tho many other ee&l.l1inge in the 80me pot 
ri!!O; and 110 it was on the following night of JUliO 6th. Too 
pot was then takenbackintotne Ilot-hoUhC, where it 111'88 exposed 
to Ihtl~lIn, and on tholUcceeding nig:ht all tho cotyledons roeo 
ajmin 10 a high angle, bllt did not stand quite yertieally. On 
each of tlieaoovedaJ'lI tho line reproscllting the groatnoclurnal 
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rioll! did not coiuC'iuo with that of the groIlt (liumal fail, 80 that 
nanow eUiI_ were described, ~ ill tho usual rule with eireum­
lIutatin~ Orp;RUB. Tho ootyledonll are provided with a pu!vinus, 
ano! ill! dovelopment ""iII herearler bo dOlJC.ribOO. 

,I/i"" .. , p",lwl (Legumiuosre).-The ootyledon8 ri80 up verti­
cally at night, 110 all to close together. Two lCedliJ1Wl wero 
ol.,.,mxl in tho groonheuse (temp.1C' to 17°0. or 68' to65° F.). 
Their hypocotyls were secured to sticka, ami glASS filameuts 
ht't.ring littlo triangles of}Japet' wero amxod to tho ootyledonsof 
both. Their movemcnb! wero traood. on a verlicu.\ !(IRSl'l during 
~ h. on NO\'cmber 13th. The IlOt had "tood for !IOIIlO tilllo in 
tllO Morno position, and they were eh.ietly illuminated through 
tile ~Ia,o;e-roof. Tho ootyledoUll ef one of theee lIo:lOdlings moved 
dQ .. nw.rol in the momillg till 11.80 A.X., and then 1"08e, moving 
raVi..!l,. iu the ovening until they stood vertically, 10 tbstiu thill 
CUt· tb~re W&l &imply .. sillglo great daily fall an{1 riee. The 
othtl' ....oo.ling behavod rather dilfllrcntly, for it r~1l in Iho mom­
inl/,'uutilll.so A.X., and then lOBO, bnt after 12.10 P .•. again fell; 
and the groat ovening rise did not begin uIltil1.2'J I'... Oil tho 
following mnrning this ootyledon hfld failen greatly from its 
~I'H,'all)O@ition by 8.15A.1I. 'l 'wo other eoodliuf;1I (onellC'I'cn 
and the other ei~ht days old) had OOen Ilreviously observed 
nnJ .. r unfavourable eireumstauOO8, for they had bt:;en brought 
into a room aud ])I000d bcforo a north-east window, whero the 
k'mp:ratul'll \\'113 oolwoon only 560 and 51? F. 'fhoy had., more­
OTl'r, to loe llroreeted from laterallighl, and perhllpe wcro not 
IJIIfIidt,ntly i1hUllinatcd. Glider thCf!O cirewlUtanOOI tbe ooty­
""'una l,r,)VoJ, Nml)iy dowuwards from 7 A.V. till 2 P .•. , after 
.hich hour an,! dllring a 1arg6 pen of the night they con­
tinuOl,I to rill(!. BotwOOll 7 and 8 A.V. on tho following moming 
th .. y Cdl again; but on this I!I.lOOnd and IikewilJe 011 tllo third 
day tho movclllenbl becluno irregular, and between 3 and 10.30 
P.V. they cireumnutated to a. small oxtont about the eamo spot; 
but tlKlydid not ril!Oflt night. No'Vcrthel(ss, Oil tho follo\ling 
nighttheYl'O/!(lflllusua!. 

Cyli1mfJruyran. (LcgllluinOlllO).--Only II. few ob8crvaUoll8 wcre 
mado on Ihis TlianL Tho hypocotyi cireumnutated to a OOD­
li .... raloieelt(:nt.butinasimpiemallner-namcly.fortwoholll.!l 
in OliO dil(lCtion, and then much more slowly ~k again ill 
• r.~g OO\lJ'fl6, alm06t parallel to the tint lino, I ud beyond the 
starting-puinl It movod in tho same direction all nighl, hut 
DUt morning begD.n to return. The oolyledons continually 
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movo both lip and down and lalcrally; but they do not rire up 
at niglit in I!. ooIlllpicuous mauncr. 

Lupim" luteu. (Leguminoo;ro).-Scodlingll of this pl~nt wcre 
ob60r.ed became the oolyledons are so tl1ick (about ·08 of an 
inch) that it soemed unlikely that they would move. Our 
observations wcre not ,·cry ~uCC('~Rful, as tbe f!CCdlings are 
slrongly heliotropic, and their cireumnutation oonld not be 
aceurnlcly obseroed nCllr II norlh-cust wiudow, although they 
had boon kept during the pre"iollil day in the snme position. 
A seedling was then placed in darkness with the hypocotyl 
secured. 10 R stick; bolh cOtyiedOll8 rose a little at first, and 
then fell during Ihe rest of the day; in the evening between 
5 and 61',)1, they mo,·ed very slowly; during the lIight 0110 
continued 10 fall and the other rose,thollgh only a little. '1'ho 
trneing Wag not much magnified, and ag the lines lI"ere 1)lnillly 
zigmg, the 00lylooon6 must 11a,·e mOTOO a little latcrally, that 
is,thoymllsthavoeiroumnutated. 

The hn)()OOlyl is rather thick, about '12 of inch; nc,·erthele!l8 
it cireumnulatod in a oomplcx ooull!() , though 10 a small extent 
The movemont of an old !!Codling with two true leaYe!I partially 
developed, I\'ag observed ill tho dark. As the mo,·ement WQJj 
magnified aoout 100 times it is not trustworthy and is not 
Iti,·cn; but thel'tlcould be no doubt tlmt Iho hypoootyl moved 
in all directions during the day, changing ita oourse 19 timos. 
Tho Cltreme actual disilmce from side to side through which 
the upper parlof the h~·pooo'yl passed in the oourse of 14~ hours 
Wag only n of an inch; it sometimee tnwel1ed at the rate of 
n ofanillchillanholir. 

Cu.curbita !Wifera (Cucurbit<lC<!ro).-R"did~ : a.seed which had 

";g.'26. 

gerlOinnted on damp sand was fixed 80 that the sliglltly eun·OO 
radiclc, wbieb was only '07 inch in length, stood almost ,·ertically 
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np,<\'al'ds, in which poeition geotropism would IIct nt flnt with 
little power, A filament W&8 attAChed noor to itB bMc, and 
projected at abont all angle of 4.50 abo.e the horizon, The 
gen",l'1lI OOUI'8e followed during tho 11 honn of obecuation and 
duriug tbe following night, ia ahown in the aooompanying 
diagram (Fig, 26), and "'1\11 plainly due to geotropism; but it 
WAIl alao cloor thlLt the ndiclo eireumnutated, Dy tho next 
monliug the till ha(t curved 80 much downwardll that tho fill\­
meut, instead of Ilrojecting at 4.50 abo\'e the horill'.on, waa nearly 
Ilorizontal, Another ~rminating &eell WIUI turned upe:idodo~ 
and covered with damp IlAnd; and a fllament 'I1r8II flllllened to 
tbe J'alliele 80 AI to )lroject at an angle of about 50' aoo\'o tho 
horizon; thill ra<:liclo 1I'1Ui '35 uf an inch in length and 110 little 
('un·cU. The oouno IlUrslled Willi mainly gow'!rned, all in the 
last ca.ee, by geotropism, but tho liM tl'llced during 12 hours anfl 
magnified liS bef"re WIUi more strongly zigzag, Iljl;ll.in ,hO'Ol'ing 
cirewnnutahon, 

Four radicles were IIollolII'ed to grow dOlll'uwardl O'l'Or plate!! 
of 8lllOked glllllll, inclined at 70~ to the horizon, under the 

L""I t-=t> 
~ """""'.~,'~, d=m •• u· 
A. B. dOOl or arebod bypoo<>tyl at 

~rnif_'traeb 
I~~ by ti~ or ndid .. 
ing .. (r.";n,do"n"ard. 
o .. tr .molled gl ..... 
I'lat ... i"di"ed at 700 
to 1M Mrllon, 

a ~try ... It -If. t.-l ;11. 
d" .. k .... oD"hori&oDIal~I-. 
from 8 ... 111.1<> 10.20"'.111,0" 
thefollo .. :ing day. Th~",o .... 
mtot of the be.,,1 .... 'nified 
201IrnM,henndu~toone­
balfofori,inal_le. 

I&DIIIl oonditiollfl as in the CMeS of ,£,culnB, PblUlOO]nB, and 
VieiA. Ya.csimilel are here given (}'ig. Z1) of two of tbef!e 
tracb; and a third short one was /lhn06t II.(; plainlY!lCrpentinll 
l1li that at A. It 11'1\11 alllO mBnifOlit by a greater or 10lI(l nmollllt 
or lOOt baying been 8111'ept off the gl.asseB, that tho tipallM 
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pn.'lllKld alternately with gnlIlter and 1_ fOr(!(l on them. There 
mll~l, Ihereforc,lu""a boon mo,'ement in at leMt two Illanelll at 
right angle. toone another. ThC116 r1l(lieJee were flO deliCll.te that 
th{'y rarely had tho IlOwer to 8woep the gltlH808 quito cl(lfm. One 
of them had developed fIOffie lateral or sooolldo.ry rootlets, which 
projociOO • tow degnlOl beneath tha horizon; and it is an im­
portant fad that three of thom left distinctly 8l'rpentine tracks 
011 tha BmOked .surfaoo, .showing beyond doubt iliat they had 
circumnumtod like tha main or primary ra<1ic1c. Dut the 
tral'b were !iO slight that they could not be traood. and copied 
after the awoked .urfaoe had boon Vllnlisbad.. 

lIyporotyl.-A oood lying on damp sand "''fill firmly fixed by 
two cf'OllliOd wiree a.ud by its own growing radicle. The cotyle­
doni were still onc101Mld witllin the llOOd-coots j and the .hort 

h,n:lOOOtyl, betwoon the lummit of 
Flg.29. tbe radicle and the ootylOOool, 

~ 
.~u,.lo"I,.lighll,.reh"'-" 
filament ("b5 of inch in length) 
\l'1Ii! attached at an angie of 350 

aooyo the horizon to the side of 
the arch adjoining Ille cotyJe-

• dOll .. 'l'his port would ultimately 
form tho upper end of 010 hypo­
cotyl,after it lHw. grown straight 
and ,·ertica1, Ilad thellOed been 
Ilroperlyplantod,lhe h.)1XlOOtylat 
this alage of gro""lh would ha,'a 
been dooply buriOO beneath the 

. surfaoo. 'fho COUI1!() followed by 

C~~~~~~h!~:~~7:£~~ ~~O ~ ~ tll;~~nJ~~~~r j~i:~~~ 
ruul\6lJ I nna~ .... 11 .COWI IOO\'oment from left to right io tho ="t-~;~~~t:~; :r:: ~:: .::~~u~:;:;:n:~~ 
ThtIl>OY __ B~ofth.tumi .... l of tIle flattened 1I.I6Il; and thia 
'-.I origioallr "' ...... ined movement 'Would aid in dragging 
~:U~. 18 u ..... hero only "i tllmn out of tho fIOOd-coatll, which 

are held down bya special struc­
ture hOl'QBftcr to be defICribcd. Tho mo"emont at right Bllgle/! 
to tho abo"elin08Wl1f1 due to the arched IIY l:lOOOtyl becoming 
llIore arched Wi it incroa.sod in height. The foregoing obllorra­
liOila apply to the leg of the arch nel:\ to tho cotyledous, but 
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the olber leg adjoining the radicle IikewillB circumnutaiOO. at &n 

eqnallyearlyage. 
Too mol"cmcnt of tho Ramo hypoootyl aner it had beoomc 

straight and l"crtic.l, but with tho ootylodons only llar\ially 
eXJllludod, ia shown in Fig. 29. The OOUr8C pUrlluod during 12 h. 
appe.rently reprceenta four and a lilllf elliJ)ENl6 or Ol'als, with 
the longer IIxi~of thc first at nearly right suglOil to t hat of the 
othcrll. The louger axes of IlU were oblique to a liue joining 
the oppoIIi\.(l ootyloc:ion8. The actual oltrcmo distance from 
lide to side ovor which t he summit of tho tall hYllOOOtyl 
pw«l iu the oouree of lI:! h. WIJ.ll '28 of an inch. The original 
fi~llrO wae trac...d 011 II large scale, aud from the obliquity of 
the line of viow tho ouler parl.II of the dingnu" are lUueh 
~ratcd. 

CulyletJ.oru..-{)n h'o oooaaiOWl tho movemcnil! of tho ool"yle­
OOIlll were traoed on .. vcrtic.l gla&8, and M the aeoending and 
dtJlO(!lldillg lillCll did not quite coincide, very narrow elli~ 
'li"cre furmod; thoy Iherefol"6 cireumnutalOO. Whilst young 
they rill6 "ertieally Ull at night, but their lips alwllya rcmain 
reH~x(lIl; on the following monling t hoysink down again. With 
.. seedling kel)t in completo darkuc88 they mo"od in tho !lame 
mannor, for they gnllk from 8.45 A.M". to 4.30 r.lII.; they then 
bepn to rille and n:>maiuod clO!lC together until 101'.111., wheu 
they "Wel"6 lnat obscPl·od. At 7 A.III. on the following Illoming 
tht'Y'A'creMlUllch elilaudod 1108 at any hour on the Jll"6rioua 
day. Tile eolylodolUl of aDother young sood.Iing. expo8Od to the 
lijl;"ht, were fully open for the fint time OD a C('riain dlly, but 
... ~~ fount! complotely eloeod at 7 A.lI. on tho following morning. 
TlN.'y IlOOD ~Il to expand again, and continned dning 1M) till 
a~t 5 I' .•. ; they Ulon began to riae, and by 10.80 P .•. Btood 
wrtieally and were almOHt closed. At 7 .... If. on tbe tilird morn­
iD~ 11I<,y were noorly ,·criic.al, and again eXllaudO'J during the 
day; 011 tho fourth morning they were not eloeod, yet they 
opened a litlloill thooourseof tile dn.y and roscaJitileon the 
following night. Dy this time a minnto truo leaf Ill\U become 
doIvcloped. Another soedling, still older, beating a well-dcl"eloped 
leaf, hadaaharp rigidfilameutafti.xod to 0110 of ita ootylodona 
(tIS mm. in lengtb), which rooordod ita own movOmClltll 011 

a re"l"..,lvillg clrum with lIlDoked lXlper. The oboloJn-atiolUl were 
IDIlde iD tho bot-houae, where the plaut had lived, 1M) that there 
..... DO change in temperature or light. The rooord eomwf!Deed. 
at 11 A.JI. on t'cloruary 18tll; and from Ihi' honr till 8 P.JI . the 
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cotyledon fell; it then rose rapidly till 9 P.)I., then very 
gradually till 3 A.M. }'ebruary 19th, after which hour it sank 
gradually till 4.80 P.M.; but the downwlll"d movement WIL8 inter­
rupted by one slight rise or oscillation aixmt 1.80 P.». After 
4.80p.». (19th) the ootyledon rose till 11..)1. (in Ihe night of 
FtJbruary 20th) lind then sank very gradually till 9.80 A.lI., 
when our ohilcrvationa ceased. The amount of movement wne 
greater on the 18th Ihan on the 19th or on the morning of 
the 20th. 

Cucurbita tlurantia.-An arehed hypoootyl Will:! found buried II 
little beneath the surface of the soil; and in order to pre~'entit 
straightening itself quickly, when relioved from tho surrounding 
pressure of the 8Oil,tlie twolegg of tlleareh were tied together. 
The sood was then lightly oovered with loose damp earth. A 
filllUlentwilhn bead at tho end wlU!affixoo to the bnsalleg, the 
ruovemenil:! of which were observed during two days in the 
usual manner. On tho first day the arch mol'OO in a zigzag line 
krwards the side of the basal leg. On the next day, by whieh 
time the dependent ootyledons lu~d been dragged. aOOV6 the sur­
face of tho soil, the tied IIrch changed iii:! oourse gTOll!ly nine 
timCIJ in the oourseofI4!h. Itswcptaillrge, cxtremelyirre­
gular, cireular figure, returning at night to nearly the same 
spot whence it !roo ~tartod early in the morning. 'I'he line was 
80 ~trongly zigzag that it I!.p))8rently reprollCntod five ellipses, with 
their longer axes pointing in various directions. With respe<lt 
kr the periodical movemenil:! of the oolyledon~, tllOllO of several 
young seedlings fonned together lit 4. P.M. an angle of IIlxmt 60°, 
I!.nd at 10 P.M. tllOir lower ])nrts stood vertically and were in 
oontaet; their tipl!, however,fIl!is 11SUIIl in the genus, werepcr­
manently rellexed. The!l(l ootyledons, lit 7 A.lI. 011 the following 
moming, wero again well expanded. 
~aria t>ulgari. (var. minip,ture ]3Qtt1e-gourd) (Cucurbi. 

tnecw).-A 1!OOdling opened iii:! 00lyledon8, tho movements of 
which wcro alone obserYoo, slightly on June 27th, lind c!osod 
them at night: Ilext day, lit noon (28th), they ineludcd an 
angie of 53~, and at 10 P.)!. they "'ere in close contto.et, 80 that 
cach had risen 264°. At noon, on the 29th, t11cyincluded lin 
angle of 118°, and at 10 P.lI. an anglo of 04°, so esth had 
riscn 32°. On the following day they were still more open, and 
the nocturnal risew1\.6 greater, but the angles were not mCllllured. 
'1'wo other llOOdlingg wcre observed, and behaved dllring three 
days in I!. closcly similar mauner. The cotyledoIll:l, therefore, 
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ol""'n more and more on each Ruoooeding day, and rille IlIICh 
night about 8O"j coneequeu!ly during the first two nighlll of 
t htir life they 8tllndvertieally and 
come into contACt. 

I n or<lor to aecerilliu more toe­
ellrnt('ly the uaturo of the6emO"e­
ment~,thollypoootylor aseedlinj:, 
with it~ cotyledons well expanded, 
lI"l\.!Il!lI('urod to a littlo stick,Rnd R 
fila.ment with triangles of 1)lI)lOr 
WIUIMlixed to ono orthecot~·ledon8. 
Theobl!cn·/ltion8 wero made under 
.. rather dim skylight, and the 
tempcl1lture dnrinp; tho whole time 
"It"U helll·eo.·nJ7j ' tol8"C. (63~ to 

&5. F.). l1ad the temperature been 
l:i~her and the light brighter,the 
movement. would Ilrobftbly have 
bl"<:n f(roater, On July 11th (800 
F ig. 80). tho cotyledon fell from 
7.35'&'.)1. till 10 A.)I.j it then I"OI!C 

(rapidly after 4. P.».) till it stood 
quito vcrtiClillyat 8.40 1>.11.. During 
the early monling of the next day 
(l2th)it foll,and continued 10 fall 
till I:! A.M" arter 'Whieh hour it I"OIIC, 
O,,'n felt,and again lQIlC,SO that by 
10.3;) P.M. it stood much higher than 
itdi,j in tho morning. bu\ WIUI not 
wrtical&llon the ]lrooodi.ng night 
.lJuring tho following oorly mont­

1';,.81'1. 

!l.~;r-

iug and wholo day(13th)it fell and LogI"!lUJJ"iil twI,,,,.;,: ci~"m .. u-
C'irculilnutated but had not risen ut;o" I>f a cotyled ..... 11 

lI'hcn o~rved' Into in tho el'ening j ;:~e~~':~hh~ v:I~~C:I~{.~~ 
an(1 tillS W&II prooobly due to the on .. hkhitlnlovem~ntl .. ere 
dellcieneyor hoot or light, or or tru.d from 7.3[> A.X. July 

=~;s !:~;~I: !~:~~l~l:;t!; H~;~h~~:~~~~:?~~ 
noon onooeh suoooodingday; &.lI.d 
that they I'0Il8 considerably each night, though not acquiring 
• n~rtieal po&itiOIl, except during the IIrst t"lt"O nighta. 

(.·OIC1Im';' dwAlim (Cueurbitacem).-Two IIOOdlinga had opened 
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their cotylodons for the fiMlt time during the day,-()ne to the 
utent of 000 and the other rlllher more; they l'(!llULined iu 
nearly tho sarno position until 10.40 P.lI ; but by 1 A M. on the 
following morning the one which hnd been previously open to 
tho extent of 00" hnd its cotyledotul ,·erlieal and completely 
shut; the other seedling hnd them noorly shut. Later in the 
morning thoy opeued in tho ordinary mllnner. It appool"ll 
thel'(!fol'(l thllt the cotyledoll8 of this plant ell$) Ilnd oJlell Ilt 
somewhat differcnt periods from tbl$) oftheforogoillgspeciC8 
of the allied genern of Cuourbita alld Lngellaria. 

Oplmtia t.:llilaru (Cactcro).-A seedling was carefnlly ob­

Fig. 51. 

{ 

o / 

served, beoo.nse comu<ierillg Hs 
appca.rance lind thonlltul'(l of tllO 
mlltul'(l plaut, it seemed very un­
likely thllt either tho hypocotyl or 
ootyledons would cireumnulalo to 
an appreciable extent, 'rhe coty­
ledOllS were well de,·eloped, being 
·9 of SII inch in length, '22 ill 
breadth, ami '15 in thickness. 
Tho alm06t cylindrical hypocotyl, 
!lOW boorillg a. minule spinous bud 
on its summit, was only ·45 of an 
inch iu height, and ·19 in <iia­

Opu~n.. bouilarir: OODjnint dr_ llleter. The tl'llCing(Fig. 31) sho\\"~ 
~umnutalion "r hypooolJl the combined movement of the 

f~:~I:~{i~~~~:~~n~::E :~=tl!~n:.:: P~~~ ~~ ~~y ~i~~ 
during 66 h. <po noriz<>otal toll A.M, on the 31st. Onthe29th 
gl ..... 1>JQvemeot"ftheter_ II noorly perfoot ellilJllC was com-

~~~~!:~er~';!';~:: ~t:,.:: lllctod. On the 30th the hypocotyl 
Ihinl lCal •. Seedling kept in moved,fromsomoullknowncau&e, 
h"t·b"",,",r..,blyiliuminaU<i ill the6(l.me generllidiroctionillil 
from above. zigzag linc; but between 4.30 aDd 

10 P.lI. almOllt comploted a seconci 
amaH ellipse. Tho cotyledons move only a little up a.nd down: 
t1l1l.Sat 10.15 P, M. they stood ot)ly 100 higher thllIllltlloon. The 
chief seat of movement therefore, at least when tile cotyledons 
arc mther old lIS in the present CU&l, lios in the hypooolyi. The 
ellipse described on tho 29th hnd its iotlger axis dirootod at 
nearly right aDtllcs to a liue joining the two cotyledons. The 
aclual .. lllount of movement of the bead at the cud of the 
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IiIalDt:nt "...s, as far &8 could be ascertained, about '14 of an 
incb. 

IM.,,,,tAu. (lIIIIU,"" (Compollit81),-The uI)llCr ))IIn of the 
hY]l<X"Olyl movcdduring the 
day-time in the course .'g,3~, 

(.: .. "~;"I;~)th~:I::::ll~~efi~: /'..-_~_ .. 
inVtlriOUlidiroetioll8,Cn::M!S­
m" ill.,.]! 1ICl\'eml limCll, 
themovcmcnt maybe con­
a,I"I'I-o l\8oueoreireumnn­
latiou, l'hcexlrewoa.etuaJ 
Ih>tan('(l tran,l1ed .... 1\8 at 
!.-&IIt·1 of an inch. The 
movementa of the cot)'Je-

::::~ ~:~e:::!~~n:~~ H~;:~~~:£~:~~~~~?::~ 
eaotv .. in<Jo .... ,andtheother gluoindarkD-.froIIl8.45J..III ..... 

~oo~~~b~ :~u:n:tl~~ro: t:O!:i:7;;t\;::~~:~~:;:;~:ol:~ 
dllrkllefi8., They continued oD4-hlfofori,i".I,fC.le. 
t,) sink till ahout noon, 
.... h('1l th ... y bcj::an to rise; but betwocn 5 An() 7 or 8 P.ll. 

11\('1 either 8ltnk a little, or lno\'cd laterally, and then agai£ 
hfp,n to rise, At 7 .01..111. on the {o11o"'ing morning th08l'l OE. 
tho plant l;.:f('re the north-eBBt window bad opcnoo IJO little 
th&t thl,y 8100<1 at an angle of W above the hori,.on, and .... l'!l'6 

not oloo(>rvai any longer. ThO!ie on the IIt'edling .... hich had 
~n Il'pt in ahu(l'lt complete darlrnCIII, 8ank during the whole 
,lay, .... ithout ri~iug about miJ-day, but 1'066 during the night. 
On the third and fourth day@ they continned &inking without 
auy altenlRte &IJCOnding movcmcnt; and thill, no doubt, was 
Jucto the aheeueeof ligbt. 

Primula Sinfflfi. (Primula.ecm),_A soodling waa plaecd with 
tho two cotyledons ))IIrallel to a north-caat window on R da.~· 
'!fhen the light was nearly uniform, and II. filament 'A'1\8 alfixod 
to one of them. From ob8en'ations BubeequenUy made on 
anoth('r l\('('I'iling with tho dem secured. to a stick, the grooter 
part. of the moveIDCut sho\VII in tile annexed figure (Fig. 88), 
muM. have loecu that of the hyporot,.I, though the cotyledons 
certainly mol'C Ulland down to a certain exteut both dnring tho 
day and niRhl. Thomovemeniaofthe.llle ICcdliugwcretmccli 
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on tho following day witll nearly the I5I1ffiO raGIIlt; and thcro 
CILIl be DO doubt about the cirel,llnuutfllion of the IIY)lOCOtyl. 

Hg.33. 

Pr'·',.~/t.I 8._;., ..,njoin~ ~i"'unlHut&li"" or h:rl-"t.vl on<l eotyl".lon, 
l......e<i on nHi.,.t ,I ... rrom 8.40 .... .K. 10 1li.4~ I' . .K. llo .. emenu ~r 
bNJ m.,ni!\od.bo,,,2tl lim .... 

CyeJamm Pe"i€/lm (Primulac«c).-Thill plallt is !,(cllernlly 8ul'" 
JXIfIOCl to IlroduC(! only a Bingle IlOtyledou, but Dr. H. Gre!iIlIIcr· 
hllSsh01l"n that a II9OOll(I one is de\'elopcd after a long intcrl"al 
of limo. Tho hypoootyl is oon'-crt.cd iulo a globular conn, eTcn 
IJetorothe firstcolyledon hAll brokcn through tho gronnd with its 
blado cloecly 011 folded aud with its petiole in the form of lion arch, 
like the arched hypocotyl or cpiOOlyl of any ordinary dicotyle­
donou8 plant. A glllllS filamcnt II"M affixcd to a cotyledon, '55 
ofanillchiuhoight,thepetiolcofwbichlu"\8Irnightcll..:litselC 
and stood IIcnrly vertical, but with the blndo not a.s )"ot fully 
oXlxwdod. 118 movementa wcro tmccil during 20 h. on a 

hori:wutal gllUlll, magnified 50 

~
" ' S4' ti.mM.,andiUlhiSiUlcrvulit 

d('9(.'rilx.>ll two irrcglllar small 
clreiC!l, itthcrefOI"l.l<'ircumnu_ 
tatCll,tllongb on aueltremely 
~mallllCll.le. 

a:.rl~~~illu~I~B:':tf~: Jli!;;~·r~ '1~!:~~111:"~1~~ 
.!).)u,tnce;loDhori..,nlal glo .... mllturo, roscmblOll a cacha. 
from 6.45 .... lI!. J~bO 26th to 8.4~ '1'he flattened hYJlOCOtyl is 

~:;e~:!~' of I::tm;;:i:~o ti /[eshy, cnlllrr;cd iu tho upper 
'1m.... part,and bears two rudimen· 

tllry oot~ledolllJ. It breab 
through tho ground in sn arched fonn, with the rudimentary 
oolylooODllclO8Odor in contact. A fi1arnent1ll"1I8 affixed aiW06t 

• 'DoL ZcituDg,' 187J,p.837. 
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vertically to the hypoootyl of a _\ling half all inch high; and 
itll IDOV\llDentJI 1II"ere traced during 50 h. on a horizontal glll!i8 
(Fi~. 8-1). }'rom eome unknown CaU90 it 00111"00 itllelf to one 
01 .. , aIKI &II thiJI1ll"BII effected by a zigzag course, it ))fOoobly 
eireumnutated; bnt with hardly any other IJeOdliog obflerve.l 
hy us W3.1 this movement IlO ob6clu'cly shown. 

I/,,,,,,ua cm'l'lta vel Pharbit;, flil (Convolvuln.ccre).-8oodliugs 
of thia plant were obsor\'ed booaufIC it is a twiner, tho upper 
intcnlodea of which cirenIDliutato cOU8picn01l8ly; but, liko 
otlier h,'ining plallta, the first fu"' intern()(i08 whicbri90abovo 
lhogrouwiaroatilfeuolIght08uPPOrtth(ml8CI"08,llu(1 therefore 
do not dreumnutato in any 1)Ia.inly rooognillRble manner.- In 
!.his particlllar instance the finh internodo (including the hypo­
rotyl) was tllO lirat wbich plainly cireumnutated and twinOO 
round a stick. We therefore wished 10 leanl whether cireum­
Ilutati"n coutJ be obeerved in the bypoeotyl if carefully observed 
in our 1181111 manner. Two IlOOdlingll " 'ere kept in the dark 
<l"ith tllllmeoUs fI.r.od to the upper 1l1lrt of their hypocotyl8; bnt 
from circnlllstaUOClJ 1I0t worth oxplaining their mO\'cmentll were 
traced (or only R ... hor~ time. One 0101'00 thrice for\\'ards Bnd 
twiOllbs.ekwardti in nClU'IYOPIXNlito diroctionJi,iu Ihecouracof 
8 h. Hi m.; and the othcr twice forwards Ilnd twioo b6ekwnrds 
in:!h.2'Jm. '!'ho hypoeotyl thcrefore eircumnutaloo. at R re­
markably rapid mle. It may here be added that 8 filament was 
I.f!h:ed tran8\'cl"8Cly to tho summit of the IIElCOnd internode aboVl.! 
the cotylOllollll of a littlo plant 3' inehOll in height; and its 
DlIOwmellts were tmood 0118 horLwntal Slasa ItcircUlllllntated, 
1lIl<i the actUAl distauC(l havelled from side to side \II'" I quartcr 
of an inch, which was too sllmli au amonnt to be perceived with­
out tile ILid of marks. 

Tho mO"enwnUs of the ootyledona are interolltiog [rom their 
COU1 llle:dty and rapidity, Ilnd ill 1lO000 other roIIllOCts. The 
hlllOCOtyl(2 inch08high) of a vigoroua8Codling"'&II soourodtoa 
Btick,lIndafilamClltwitbtriallgl08orpapcrwlUlalHxootoone 
of tho ootylodollll. Tho plant was kept all day in tho hot-house, 
aod at 4.20 I'.M. (Julie 20th) was plaood. under I skylight in 
Ihl house, and observed occasionally during tho e\'cning Ilnd 
Ili.;ht. It feil in 8 slightly zigzag lino to I m()(kra\o extent 
from I.~ r.». till 1O_151' . .lL When 100kOO at .hortly after mid­
night (12.30 P •. ) it had risen a very littlc, alld coUlJiderably by 

• 'Movement. and Uabib orClimbiu;; I'boult,' I). 33, 1S7~. 
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S.!~ J...~. Wlll;n again looked at, at 6.10 A..ll. (21st), it bad 
t·i,.~. fallen IBrgt:ly. AI16wtraeing 

s·;-. WI\.Il now begun (800 Fig. 35). 
Dnd !lOOn afterwllrd.8, at 6..t2 
A ••• , the ootyledon hMl risen" 
littl6. During the forenoon it 
was ob!cr\'ed abont every 
IIOUr; but between 12.80 and 
G P ••• everyhsllf-hour. If the 
ob!cn"tioushadbeeulllMeat 
tbC8Cshortinu·rVllbduringtho 
whole day, tllO figure would 
}un'e been toointrieato to haye 
boon oopied. All it Wfl8, tho 
oolyledon moVel! nil B.lld down 
in theooul"110 of 16h.20m.(i e. 
IMltwC€n G.1O A.lI. D~d 10.30 
P.JI.)til.irtoen time!!. 

ThecolylooolUlof tlili! sccd­
ling sank dO\\"lll';anls during 
both evenings and the early 
l)8.ri o f tho night, but rOI>O 

duringtbelatlcrllllrt. .... sthia 
i$ an utJIt8nal mOTCmcnt, the 
eotyledonaoftwelveothersood­
lings .... crootosenoo; they&tood 
almOirt or quito ilorizonlally at 
Ini(!-<iay, and at 10 P.lI. were 
Il.lldoolincdatvariouall.llglC!!. 
Theln<l8t IlSlllllHn!;lewBII be­
tween 80'" aud 3;)0; but throe 
stood at about 50° anti one at 
even 7(J>bcnrlloth the hori1.OU 
ThebladC!lof all thoseootyle­
oons had atlained almCl6t their 

.: .r-..::I. full size,yi7.. from 1 to Ii inch{1l 

1~~7Eeg~:~:~~:~~~;r~ ~i:e:l'~~~~:;:!~;~ 
A.1I. ZZod. C"~)' l""o" with Jl"tiole fllCt that whihlt young-that 
I ' 6 inch in Itn~'h, apu of bladt ia when ICII8 thnn Imlf Rn ineh 

:; L ~:~~~:n,:, ~: 1";~~~ I~:;~ i~ length. mCBllured in t ho 
aifiedj klJlp.2(f C. llamerm.nner-thoydoootBiok 
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dOll'nward8 in tile e·n!ning. Therefore their weight, which is 
OOIIISiderable .,,'hen alm06t fully developed, probAbly came into 
play in originally detenuiniug tho downward movement. The 
periodicity of thig movement is much influenced by the degree 
of ligilt to ""bieh tile IiOOdJings have been exl108Od. during tho 
day; for throe leopt ill an obi;cure plaee began to sink abont 
ooon,illlltcad oflato in tho e\"eniug j aud th08Ooranothcr8OOd­
ling were almOllt p!U1I\yBCd by having been similarly kept during 
t1l"0 ""hole day!!. The cotyledona of Ii(lvenl other species of 
lpomrea likewi/J66in.k downwards late in the evening. 

"ailltlM fMjor (Bont.ginCle).-The eireumnutation of tho 
hypoootylof a young IiOOdling with the cotyledollll hardly 

C..,)IIM -iOtr: dreumllutal;on of hypooolyl, with fil.m en~ fi:red AC' '''' (t,I 
lummil, illuoni ... led f ........ btI .. , . t.~ 011 ilotUollla.l gl .... f ......... 
8.26 ..... " 8.503 l'.lI. Oil Oct. 2;'th. )Io .. t ment of Ih. '-d .... It";~ed 
3<ltin>oo, be,.. ro;Iu.,.,.j l.qone-thirdorori';IIa1..,.I~ 

expanded, is shown in the annel:od flguro (Fig. 86), which 
apparently rel'tescnllJ fonr or five irregular ellipse!!, de8C.ribed 
iD the COUl1lfl of a little over 12 hollrll. T1I"o older IIOOdling8 
were similarly obsened, exccl>ling tilat 0110 of them ,,"lUI kept 
ilItbedark; Ihcirhypocotylsai80circuruuumted,butinalJloro 
Jimple manuer. The cotylodoo8 on a l!OCdling elt~ to Iho 
liKht fell from the carl,. morning until It. little after noon, and 
tbeD rootinued to ri&o uIlUllO.SO 1' .•. or later. The ootyledoll8 
of this same aoodling acted in the same general lllllnner during 
u.e t..-o following day&. It lmd Ilr(lvioualy been tried ill tho 
dart. and after bcing thus kept for only 1 h. 40 m. the cotyledons 
bepn at 4.80 P .•. to sink, illlltead of continuing to rise till late 
at night. 
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NO/alIIl pr<Mlmta (No\anero). ~Tho movements WC1"C not 
tracOO, hnt 110 pot with scodlings, which had boon kept in tho 
du.rk for u.n hour, was plaoed under the microscope, with the 
micrometer e~'e--pi()OO so nd,illllted that each divisiou oqu!l.llcd 
~thoflUlineh. The!l.po.l of one or the cotyle<ionserossed 
ralher obliquely four divis.ions in 13 minutes; it WM u.lao s.ink­
ing, !lI! shown by getting out of focus. 'fhe soodlings were 
af:ain ]llaood in darkness for another hour, II.nd the a)lClI: lIOW 

('roSRO(l two divisions in !lrn.ISs.; that i~,u.t "ery nearly the 
I<3mo rate lUI before. After another interval of 8n honr in dark-

ness,it erossoo twodivision~ in 4 m. 1590., there­
Fig.3i. fore at a quieker rate. In Ihoafternoon,u.ftera 

1
Ion~rintervalinthedlHk'theflpe:'(wasmotion­
less, but after II. time it recommeneed moving, 
though slowly; perhaps the room wa.s too cold. 
Judg-ing from previous caSCll, thero can hQT(lly 
be a doubt that this soodling Willi cireumnula_ 
ting. 

So/Mum lycoper'icum (Solancro).-Tho movo­
. ments of tho hypocotyls of two seedling to-

.S.u-mum Iycoper- ma!oos "I\'el"'O observed during sc,'en honrs, and 
",,'m: circ",,,_ there could be no (\onbt that both eireumnu­
~.:;!;~" Orw~{h tatoo., 'fhey were. illuminated from above, bnt 
lil~mt";' fized by Iln u.ccident a httle light entered on one side, 
ftc.'""" it. """'- and in tho accompanying figure (Fig. 37) it 

E~+yar~~~ :! (~le~;~~~~\!I~~ ~~=~)~~:~n~s~~l~ 
;;1'. lI. .. Ckt.Uth, loops and zigzagging in ita course. The move-

~!£;E,atc~[:~ ~:~~.:~~il:n:~;~~~:~~\"~= i~al~: 
lll~nl of bead with the llorizon were likewise meu.sured. al 
~'~I:l~ilied about ll1rious llOUrs. They fell from 8.30 A.X. (October 

;~~~:~g;:~ !;:g~i~::'~~;~~ ~~~~l In;~~ ~~:~ra~y ~i~~ 
"",I.. ....... they continued to do so until 10.30 P.III., by 

which hour they stood yertically Ilnd weroa.slecp. 
At what honr of the night or early morning they began to fall 
wn.~ not ascertained. Owing to the mlcral moycment shortly 
after mid-day, the descending and ascending lines did not 
('oineide, and irregular ellipses were described. during Cll.Ch 21 h. 
'rhe regular periodicity of those movements is destroyed, as we 
shall hercu.ftcr see, irthe seedlingaare kept in the dark. 
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• YlUl~m pali_nt.hm.-Sel'eral arched hypoootyla rising 
nearly '2 or lUI inl'h above the ground, hut witll tho ootyledolUl 
Mill buried beneath the lIurfaec, were oblen-ed, and tho tracings 
ahO'ired that they circumnutated. MQlOOvcr, in lOl'Cral 008CB 

little open circular 1lpa008 or cracb in the argillaoootUlsn.nd 
'lrhieh surrouuded the arched hypoootyJa worn visible, lind 
thOlO appctlr(d to have boon made by the hypoootyls baving 
bent first to one and then to auother aide whilst growing up­
wards. In two instances the vertical arehC8 wern obscned to 
move to a ('()lWidcrable distanoo Mckwardll from the point where 
the ('()tylcdoWi lay buried j this movement. which has boen 
noticed in ltOIlle otherca8l'l8,and which lIJOCIllfJ tollid in e:&:tmcting 
the ootyledoWi from the huried &eed-eootll, is due to the com­
menoemcnt or the straightening or the hypoootyi. In order to 
prevent this latter movement, the two legs of an arch, Ute 

&loo_ JI'I/._Jlt', ..... , dn:llm~utatil>Q or an an:htd hypGaltyl, ju.t 
e .... ..,,"r fromt"" ,rollrul.w"hth~ 'wo levi;.! tOl(olbu,tracediD 
d.rk_on.hori..,al.lgl&Sl.fRIfD9.\lOA.x.~.I7thto8.30A.1I. 
19th. '\IQ.~menl of bead nagnified 13 li",_ i but th~ filam(DI, which 
w .. affi~ed obliquely 10 Ih. croWl> ofth. ar.;h, 10'0' of ulluluall."gth. 

mmmit or whieh WlI8 on 110 level with the 8urfllOO of the 9OiI, 

~ tied ~'(jthClr; the earth having been proviousJy removed 
to. lilUo depth all round. The movement or the arch during 
f.7 honn under theee unnatural eircUlD8ianOOll ill QJ:hibitod 
ill the I.IlDCXM figure. 

Tbc cotyledoDS or eome aaedlinga in tho hot...hol18O were bori­
IODlalahout IIOOn on Deoomber 18th j and at 10 P.II. had risen 
to IJl I.Ilgle of '!7' above the horizon j at 7 A.lI!. on the foUowin~ 

E 2 
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morning, before it was light, they had risen to 5~ abo'l"O the 
horizon; in the afternoon of the &tme day they were {onnel 
aglliuhorizontal. 

Bet" vulgari. (Chenopodem).-The seedlings nl'6 eXOOIlI!h'ely 
sensitive to light, so that although on the first dlLY thoy 

}·ig.39. 

~ 
~ 
J 
Bd(}.~i.<:cjrellln_ 

UlltalioD ot hypo­
<:<Ityl,wilhfila",ellt 
fi.e<! ~bliquely .a_ 
c""",, '1'"llunmt, 
traced ind3tku . .. 
onhorizontaigl .... , 
fl'On, 8.2.> A.lI. to 
.>.30 I'.K. No~. 4th. 
3(onmeut of be~d 
magnified 2S time. , 
h.««<lucedt<lon~ 
third ot origi .... l 
kal •• 

were uncovered only during two or throe 
minntes at caeh obl!ermtion, thoy 1111 moved 
steadily towards the aide of the room 
whence the light proceeded, nnd the tmc­
iugs consisted only ofslightlr zigzag linea 
directed townrds the light. On the ne:!:t 
dsy the plants wer(l plowed. in a completely 
darkened room, an<l at each obser\'ation 
were illuminated a.s much as poss ible from 
vertically abo'l"e by II. small wax taper. Tho 
Ilunexed. figure (Fig. 311) sbows the mo,·e­
mont of tho hypocotyl <luring 9 h. nnder 
these eircumslimccs. A secon<l seedliug 
WII.S simila:rly observed at the SIlme time) 
and the tracillg had the SIlme poculiar 
character, dno to the hypocotyl often mo\,­
ing nnd returning in nearly pamllellines. 
The Illo,'cmeut of a third bypocotyl differed 
greatly. 

We ondeal'o\ll'e(l to tmce tho mo\'oments 
of the cotyled.ons, and for this IlllrllOse 
some scodlings were kept in the dark, but 
they 1ll0\'ed. in an abnormal manner; they 
continued rising from 8.45 .... :11. to 2 P. ~l., 

then mOl'OO IRlemlly, and from 3 to G P.~[. 
desoouded; whereas cotyledons which lll1.\'C been cx])OIlCd all 
the day to the light rise ill ti,e evening so as to stand verti· 
cally at night; but this statement applies oilly to young 
seedlings. For instanoo, six seedlings in the greenhouse had 
their ooty\edollS partially ollen for the first time on the lllonting 
of No\'ember 15tll,ftnd nt 8.45 P.)I. all were colllpletc!yclosod, 
so that tbey might projXlrly be !;(Lid to be asleep. Again, on the 
lDorningof Ko\'ember27th, the cotyledons of four other seedlings, 
which were snrrounded by a collar of brown JXlller so that they 
received. light only from above, were opeu to the elient of 
390

; at 10 1'.)1. they were completely closed.; next moruing 
(November 28th)at 6.45 "'.3! ., whilst it was still dark, two of them 
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'!ref(' JIIIrliAllyopen and .11 opened in the COItr98 of the morning: 
loul At IO.:!I P.II. All (onr (not to mentioa nine othe", which 
haJ been open ill the morning aod six othert 011 Ruother occa­
sion) were Il(min oomplolely ci(lIleo:i. On tho morning of the 
29th they lI'cre open, but at night only one or tho four was 
cl()lj('(l, and tllill only partially; the tInea others had their 
eotylcdolls much morc raised tlum during the dny. On the 
ni~htef thog()th tho cetyledolls of tho feurwcro only slightly 
r'Ili.scd. 

Ritimu l)oroollkn.i. (Ellphorbiacero).-Scc<111 wcre purclmso:l 
under the abovo namo-probBblya varioty of the oommoll C8.1!tor­
oil lllaUt.. All 800n lUI lin arched. hypoootyl had ri!len door above 
til,· grouoII, a filament ,mil atiacher:i to tho upper leg bearing the 
eotyiedoull which were IItill buried benooth the Iluriaoo, and the 
moVlllllCnt of tho bead Wi\S traced on a Ilorizonttli giaM durin~ 
a period of Sl h. Tho linos tmced "ere @trongly zigzag, ami 
... the bead twice returned nearly IJIlrallel to ita fanner COUI'110 
iD two (lifrerent dirootioIl.'J, there could be no donbt that tbe 
arched hYllOOOly l ciroumnutated. At tho clOl'O of tho 34 h. 
Ihe upper l)tIrt oognn to rise and straighten itacH, drogging the 
cotyledons out of the ground, 80 that the movellionts of tho 
bcadoouldnolollg(lrbotracedou thogl488. 

Q"t''C~1 (Amorican ap.) (Cupuliferm).-Aoorns of an American 
oair:1rhich hl\(l germinated at Kew were planted ina pot in 
the greenholl8e. Thi@ transplantation chocked tlieir growth; 
but alter a time ono grew to a height of flvo inches, 
u.eureo:l to the tipe of the BIllall partially unfolded leavee on 
the IUmmit, and now looked "igoroo8- It ODnsiatcd. of six 
TRy thin in\('rnOOee of unequal length.. Conaidoring these 
ein::l1IWltanOOJ aud the nature of the Illant, we hllrdlyCl:pecletl 
that it would eiromnuutate; but tho ann~i Hguro (Fig. 40) 
tbows that it did eo III a conspienona mallnOr, changing ita 
eDtIl'II8 mtmy times and tmvelling in all directiona during t he 
'8 h. ofobaervation. Tho figure SOOIllil to reprcBOnt 5 or G 
irregular oV(\Ia or ollip808. Tho actnal amount of movoment 
from Bido to eldo(oxclnding ono great bend to tho loft) Willi 

abolut 1 of an inch j but thia Willi difficult to eetinmte, Ill! owing 
to the Bilk! growtll of tbe BteW, the attacheoJ. filament WIlll 
.nl(~h furthor from tho mark beneath at tbo elOflO tlmn at tho 
CIOGIIZIl'DOCInellt of theobeervatiollB. Itdoee:rvOiluoticethatthe 
1* trail placed in a north-eaat room wiUlin a doop box, the top 
c/. wlUch w'" DOt at first covered UI\80 that the inaido fRcing 

Th. 
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the windows Willi a little more illuminated than the opposite 
!lido; Ilml during tllO flrst morning tho stem tra"olled to II. 

~tcr distanoo in this direction (to tho len in the flgure) than 
it did afterwards when the box was completely )lrotcetod from 
lighL 

~. I 

V 
Q,",l'all ro&ur.-Ob8crvations wore made only on the mOTe­

moots of tho ",didos from gcrminatingacorns, 'I'i'hich Wllreal!owed 
to grow downwardB in the manner proviously doscribed, over 
lllates of 8IIlokod ~I-. inclined at angles between 6{)<> Ilnd G9~ 
totho horium. In four cues tho traeb left were alrDOlltstmight, 
but tho tipa had )In.sed 9Ofllotim08 with more and sometimEs 
witille. force on tho gl/l.S8, as shown by t1l0 varyil1g thicknOOI 
of tho trn.ckll and by lituo bridges of 800t loft &Cl'088 them. 
In tho fiml caI;6 tho track was slightly serpentine, that is, tlJe 
til) had moved a littlo from sido to sido. In tbo sixth caae 
(Fig. 41, A) it w&8 )llainly serpentino, and tho tip had preflllC(\ 
almoat oqua.hlyon tho glase in its wholo course. In tho soventh 
case (D) the tip had movod both laterally and bad p~1 
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IIltemlltely with unequal force on tho gllPM i 10 that it hlld 
Illuft:<l a !ittloin tWOI)lalles at rightallgles to oneanotilcf, In 
tbl! eighth an\! Illllt CMe (C) it had Illo,'ed TCry littlo latenlJy, 
lout IUJd alicrtllliely len tho g.Ia.ss and come into <"Ontact with it 
again, TbcroeanbellodoubtthatinthclllfJtfottr~the 
radicle of the 0IIk: circumnutated whil~t gro"'ing downwards, 

Fill"41, 

'"",,'III >YI.~~: trach Idl. on inclined Imoked jtl""pIAl .. by tip' Qf 
ra,licl •• In ~ro"'ing downwarJ.. Plat .. ,\ aQ,1 C iDc·Jin~ at 6~<> 3nd 
l'lat.lI.t\Jl:l°wth. h~ri."n. 

ror-ylw a~lana (CoryIIlCCte).-Tho criootyl breeks through 
tho grou~d in an aroh(d form; but in the ~Ileeimen which "'BII 
ftnt eumlDcd, tho apex had become decayed, an\! tho CI'iootyl 
1El'C. to IIOlllO di~tanoo through tho eoU, in a tmtllOUl', aill106t 
horizontal direction, liko a root. In oontequelleo of this injury 
it Imd emi\tc·(j ncar tbo bJ1lOll'llIIn oolyloool1l two 8OCOndery 
aboolJo, anti it WD./I remarkable that both of th_ \fer(] arched, 
lito) tho normal CI)ioolyl in ordinllry ca..;etJ, The eoil Wl\I!I relDo"ed 
from llrollud ono of the6e arched 8eC()udnry IIhootll, lind II gl!l.!!S 
B1&ment "'1J,8 .mxed to tho basal leg. Tho wholo ""Wi kept 
daml) \)('nCBth II IlIctal·box with a glW!8lid, nn(1 WIUI thuB ilium!. 
uted ollly from above. Owing IIppo.r~ntly to the Latenl pl'C88tlro 
of tbe CJIIrth '.'ing rcmol'oo, Ihe termiuui alld OOw(!(l·dowlI part 
of the ~hoot tlC!!'RU lit on~ to m(lVO 1I1)wnl'l.l", ao that after 
2-1 h. it f,'rmed a right angle with the low~r part. Thl, lower 
part, 10 which the Hlament was attached, aleo 'traiglllcned 
it.eIf, and mO"ed a littlo bt.cltwards from the u"locr part, Con. 
_IIl(:flUy a long !ille was traced on the hori:l:outal glMS; and 
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this was in Pftrts 6traight and in parts decidedly zigzag, 
indlcatingcircllmnulation. 

On the following day the other 6Q(l(mdary shoot WIl8 obserred; 
it II-as a little more adnl,ll00d in age, for the upper part, instead 

of depending vertically downwards, 
Fig. 42. stood at an angle of 4fio above tho 

~
I horizon. The lip of the shoot pro-

. 

___ -;::,. joot«lobliquely'4oflminchnoovo 
t tho ground, but by tho close of our 

obscrvations,whiehlMted 47lI.,it 
hadgrown,ciliofly towards itsbtule, 

!'
. to a height of '85 of an inch. The 

filament wns fixod Irnnsvcrsely to 
the basal and nlmost npright half 
oflhoshoot,closobcnooththolowcst 

'. I':Ca.le-like appendage. The cirenm-
'. nntating course pursued is shown 

C"",I iUl IJunIJ"'" circnm~nta_ in the n.eoorupanying figure (Fig. 

~7~::~r~!o~~\~1u~!E, :;;~ 87~: :~~~ ~~:!~~!~~~ 
Iracedonaborizonlalgl-, anmch, 
f",m 9 A .... Feb, ~nd to 8 Pimu pillcuier (Coniferro). _ A 

&?e.. ~~gnif~v:b;:! ;: ~~u~~e h!=~~s '\::i~1 t::ol:: 

within tho seod-ooo.ts, WIUI at first 
only '35 of an inch in hoight; but the upper part grew so 
rapidly tbnt at the end of our obl!crratiolls it Wl\!I '6 in height, 
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• noll,y this time the filament waa attached lOme 'WA1 d01\'ll the 
little alem. }'rom 80me unknown CIIUIil'!, the hypoootyl moved 
far towvds the len, but there oould be no doubt ( Fig. 43) that 
it cireumnntaled. Another hypoeolyl 1\'&8 Bitnill1rly obliervcd, 
Ind it like'Wilil'! moved in a strongly zigzag line to the ~tne aide. 
This lateral movement was noi cau.acd by Iho attachment of 
thegll1811filanu:mts, nor by the action of light; for no light was 
.lIowed 10 entu 1\'hen each observation wa. made, elcepi from 
vertienllyaoo\·c. 

The hypooolyl of II seedling was lIOOul'()(l loa little stick; it 
borenilleillappoHoranoodigi:inetootyledou8,arrallgedinaeircie. 
The IlI01"einents of t'Wo ncarlyol)p05ito ono. were ob6erved The 
tip of one " ... p.intod white, 'With a mark 1)11100<1 below, amI the 
filure dceeribed (Fig. 44, A) 8ho""11 that it made 1.1, im:-gular 

Fig.". , 

\ 

\( 
/'i .. ~ ,....,,", ~i..,..mn\lI.lioJJ or 1 .. 0 op~il. OI(IIyied.o .... In.<.'ed 011 

.,," ...... 1 ,lUi ;" d.rh-. from 8 .• t. ",)II. 10 8.~ ".)11. ~o~. 2;'lh. 
)r.,remta~ ~( III' iQ Jr. magai600d .bou~ 22 IJon", here "'\1'" 10 CD.' 
hllr(>r~"JiD.OI KIlle. 

<"ire]e in tho conrfJ(l of about 8 h. During tho night it 
travctledto a oollsidcrable distanoo in the direction illdicated 
I,y tho l.orokon line. A gltl.S8 filame nt Wall ILttached longitn­
dinally to the oth('r ootyhxlon, and thi8 noorly completed 
(Fig. 44, U) !l.n irregular circular figurc in about 12 hours. 
Dnrillg tho night it also moved to a considerable distance, in 
the dil"OOtion indicuted by the broken Jill!), The cotyledons 
therefore eirclllunutato independently of the IllO\'\mlent of tho 
bYllOOOtyJ. Although th('y moved much during tho night, they 
did not al)])l'OO('h each other so _ to stand more 1"crtieal1y than 
during tho day. 
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C!lca& p«t'nala (Cycadero).-The large .sooda of this plnnt in 
genuinntlns first l)rotrudo a single lenf, which brooks through 
the gr(lUnd with tho petiole bowed into all areh nnd witll the 
Jenfletsinvoluted. Alenf in thia condition, whicll Mtheclose 
of our ob60rvll.tiona wll82i inches in height,luwita movements 
traeed iu a warm groenhouse by means of II. glf\S8 filament 
bearing paper triangles attached across its tip. Tho tmoing 
(Fig. 4;3) shows how large, complex, Iilld rapid wero the eireum-

Fig. 45. 

nutnting movements. The extl"Cllle distance from sido to sido 
which it p!UlI;Cd oyer nmounted to between . 6 aud . 7 of an 
inch. 

('CI1IM Waruewiczii (Cannaeero).-A seedling with tho ]lIn­
mulo projecting one inch aixwo tho ground vms ob60n'ed, but 
not under fair conditions, as it was brought out of the hot­
house and kept ill 11. room not sufficiently warm. Nevertheless 
tllQ trncing (~'ig. 46) shows that it made two or throe incom­
plete irregular circles or ellipses in the course of 48 hours. The 
plumulo is straight j and this was tho first instance obseryed 
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b, 111 of tho I .... rt that first breah through tho ground not 
beingarehal. 

.".46. 

~ 
C,_ lI~.jj t ci...,nm,"l1 ... tioD. of plumul_ witb filament .mud 

~Iiqll.lr to ollIUueatb_likelnf, II""IICO<i i" darka_ cnh"riz<,nw glaa 
I."", 8.4~ .A.X. So,.. 9th to 8.10 .A.X. 11th. ) IOYfmtat of bead mag_ 
a;.;"" 6 tim .. 

• mju'li e<'j){j (Lili~).-Tho narrow groon leaf, which p~ 
troUC3 from the I!OOd of the commOn onion 1\3 II colyledon,­
brooks through tho ground in the (orm of an Il.reh, in the SIUlle 
manner 1\3 the hYJloootyl or epicolyl of a dicotyledonou8 plant. 
Loog after Ihe arch haa risen abovo Iho snrfnoo the apex 
remaill8 withill tho BOOd-(108UJ, e\-idcntiy at.>rbing tho still 
abundant collteniL Tho 8Ummit or crown of the arch, when 
it 8M IlrutrudOll from theseadand mltill burial beneath tho 
ground, i.a ~imilly rounded; but before it "-'SChOll tho lurface 
it is denlo)",,_...! into II. eoniCAI. Ilr!)tubcrall('O of a white colour 
(olring to the 1l1'8tnce of chlorophyll), whilat tilO aJjoiniug pm18 
8fIl SfCt'n), ","ith the epidermis apparently mther thicker and 
to~lu;r tlum cl/ICwhero. We may therefore eonclude thllt this 
eonical protuoomnco is a special adaptation for breaking tllrongh 
tho groulUl, t all(1 III\8WCl1I the so.mo cnd l1li the knife-like white 
cnsst 011 tho llUnmit of tho .straight cotyledon of tho Gnuninew. 

p"rpo&ewhlch It IJUbeen-e... He 
.. tal ... Ih.llt g<l<>ll UgI'" ol the 
eotyledonof,hoonionloavebeen 
g1Y~" by 'fiU",."" a"d by t'Rehs 
iuhi.l'1:;:lIJoenwtu&aIPhyslologie,' 
p.93. 
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After R time the apcJ: is drawn out of the empty I!OOIl-ooats, 
and rises up, fonuing a right angle, or more oommonly a still 
larger angle with the lower part, and {)(')()&gionally the wholo 
becomes noorly straight. Tho oonical protuberance, which 
originally fonned tho crown of tho arch, is now seated on ono 
side, and appears like a joint or knee, which (rom lJ.C(juiring 
chlorophyll booomOli groen, and increases in size. Iu rarely or 
nover becoming perfoctly straigllt, these ootyledonsdiffer remark­
ably from tho ullimateoonilition of the arched hnJOOOtyi.s or 
e(liootyla of dicotyledons. It is, al!lO, a ainguhu eircumstanoo 
tlmt the attelllUl.tod eJ:tremity of tho upper bent portion 
iuvariably withers and dics. 

A filament, 1'7 inch in length, was affixed noor!y upright 
beneath tho knee to tho baI!al snd vertical portion of a. 

Fig. 47. 

r 
ootylodon; lind its movements welC 
trncodduring 14 h. in thousllal manner. 
Tho tracing hero given (Fig. 47) indi­
cnteseireumnutation. 'l'homo"elllentof 
thollpperpartabove the irneeof the £ame 
ootyledon, wllich projected at about an 
angle of 45° above tho hori7.on, was 
observed at the samo time. A filament 
WlUI not affixed to it, hut a mark was 
placed beneath tho apex, which WIlS 
almost white from beginning to wither, 
Ilnd ita movcmonta were thustrneed. The 

Allium "'p": circnrnnn. figure dCllCribcd resembled pretty c\oecly 
talioD. "r bual half that abovo givon' and this shon that tho 
~;~c~~d:~~~":~ chief !le.:~t of mov~ment is in the lower or 
hori.ontalgl ... ,rrom basnl pnrt of the ootyledon. 
8.1f> ".)1. to 10 1'.)1. Aqw'l'UglU ojficiru,du (Asparagem).-

:t~~'ti:~~:;~:J ~: ~~~~ a n8:;'~~~~P~~C~:ci~r s~~~:~: 
ealloo) WllS found at '" dopth of '1 inch 

beneath the surflLOO, and tho earth WlIS then romO\'ed all round 
to the (\opth of '3 ineh. A glMl! filnment WIl8 Il.ffixedohliquelyto 
it, and tho movement of the bead, magnified 17 times, \I'M traced 
in darkn088. During tho first Ih. 15m. tho plumule moved to 
tho righl,and duriug tho next two hours it returned in a roughly 
parallel but streDgly zigzag course. From some unknown causc 
it had grown up through the soil in rm inclined direction, and 
!lOW through Il.pogootropism it movod during nearly 24. h. in 
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the IJllID8 g('II8l"!l1 diroction, hut in a alightl,. zigzaR IllIlllnor, 
Wltil it bocamo UI)right On the following morning it cbanged 
ita coune completely. There can thererore hanU,. be a doubt 
that the )Iumuto dreumnutatea, whilat buno:) beneath the 
ground, ILl much as tho pre8llure of tho eurruundiug earth 1\ill 
permit. Tho eurfaoo of tho eoil in the pot WUIlOW oovered with 
a thin lay~r of "ory fino argillaceous IlIIond, which was kopt damp; 
and aftor tllO taporinjr llOOdlings had grown a fow tontha of 
an inch in hcight,cooh Wtui (OIllU) eurroundod bya littlcopcu 
111)000 or circular crack; and this could be accounted for only hy 
their hniDg cirewnnutated aDd thus pushod away the ISand on 
all IlidOll; for thore .... 1\8 no HlStigo of a cmck in any other put. 

In ordor to pro.e that there WI\8 circumnutD.tiOll, tho mo~ 

.. ~::: ~~"""~a:,,~i:~;=t:~:a ~~t:i~L,,:jth.\t,\::~~i:!:L~~ 
..... ~~PI.nt t ... ~ thin, 8.30 ... :11. Xov. Soth l(> 7.1~ " . .11. """ morniag; 
Inail'hittl _1)0", ~ Inn.... 11. oldn plum"l. ; mo~t""U' tract<l frum 

:~'~I~b:i/~r ~~~~i:~·!.G::: Zlltb; maga;fied U 1;111 .. , but h ..... red..m 

meuts of HYo 8OC<Ilings, '-arying in hc.ightfrom '(1 inch to2 inches, 
.. cro traced. 'fhcy WOl"O )Iaoed within a box and iIlumiIllloted 
from abo,'O; but in all fivo CMC8 the louger 1l.J:08 of tho figuM 
de.cnbed \I'~ directOO. to nOlil'ly the aame point; 110 that more 
Iigbt lOOmed to ba,-o come through tbe gllUlll roof of tbe groen_ 
boue 011 ODO aide than on any other. All five tra.cinga re­
~bledCl(!hothertoacertainerlent,anditwitl,utlioetogive 
two 01 them. III A (Fig. 018) tho &OOd.1iDg \Vila ouly 'oU! of IW 
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inch in height, and consisted of a single internode bearing a 
bud on its summit. '1'he apex dcscribod between 8.80 A.M. and 
10.20 P.M. (i.o. during uCflrly 14 hours) a figure which would 
probRbly hllovc consisted of 31 ellipaes, hail not tho stom been 
drnwn to ono "ido lmtill P.M., aftor which hour it moved back­
wards. On the following morning it wu not fflr distant from 
the point ""henco it had fint stsrtod. 'fho ootual amount of 
movement of tho apex from sido to side was very small, ,·iz. 
about nth of an inch. The IlOOdUng of which the movements 
are shown in Fig. 48, D, WI\8 U inch in height, and consisted of 
three intemodet! bosidcs the bud on the su=it. The figure, 
which WIllI described during 10h., apparently represents two 
irregnlu and unequ9.l ellipses or circlet!. Tho llclua! amount of 
movemontofthoapex,intheliuonotinfluenood hythelight,w!l.S 
'11 of an ineh, Rnd in thllt thu~ inlluenood '37 of an ineh. With 
a IiOOdlillg 2 inohe8 in height it Wll8 obvious, even without the 
aid of any trooing, that the uppermost P&ft of the stem bent 
sneeessively to all points of the compasa, like the ~tom of a 
twilling plaut. A little incrl.'!9lle ill the power of cireumnutating 
and in tho flaxibility of the stem, would convert tho common 
RSparag'US iotoa twining plsnt,as hll80ccurred with onespooies 
in thisgonus, nllmoly, A. $CClnd~'I~. 

PI,,;dfJri. r:'anarinl$i3 (Graminea>).- With the Grnminero tho 
pn.rt which first riae8 ebo'"etho ground hllSbeen called by80me 
nuthors tllO pileoloj llud various views have been exprossod on 
ita homological nature. It is coUilidored hyllOmegrent authori­
ties to be a eot) lodon, whieil term we will n80 withont vonturing 
to exprCS3 llny opinion on tho suhject.· It consis\:a in the 
presont Cll80 of a Blightly Jb.ttened reddish shea.th, terminating 
opwards in a shup white edge; it encloses a. true groon leaf, 
whi~h protrudes from the sheath through a slit-like orifice, 
clOile beneath llnd at right angl~ to tho sharp odgo on tho 
summit. The sheath is not Mched when it breaks through the 
grm1nd. 

'rhe m,wcment!! of three rathor old &oedlings, abont Hinch 
in height, ~hortl1 before the protrnsioD of the Jeavet!, were first 
tmood. TheY""ere illuminated oxclusively from abovo; for, llS 

will hereafter be shown, they an;) exceSl;ively soIlf!itive to the 

• We are indebted to the Rev. thi$ ~ubjoot, togethor with IC-
G. ll~nilow for an RbatrRdorth~ ferenoo • . 
vlo"" wllien bllve been held 0'1 
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aetion of light; and if aoyenters e'f'en temporarily 00 ooe side, 
U~y merely beod to this sidoin elightly zigug lin... or the three 
u.cingI: ooe alooe (Fig. 49) ill here given. Had theobeerratioDll 
~ morefreqoetttdnriog the 12 h., 
two ovel figure. 'Would have been .·1, ... s. 

delJeribeo.l'lt'iUltbeirlOIl~raxeflai~ 
right 10gl08 to ooe another. Tbe 
actual ImOllot of 1D0vement or the 
lpex from aide to Bide 'WM about 

~~fh:nO!:~t";~~~;;:C:b~ ) 
kllC£'rtainoxtanttheooe here : 

gi~~ling which had jOBt broken .' .. ~ 
thl'Ol1f1:h the ground Rnd projected P: ~r'~edQ~rc;~:"; 
:!~~t:.a:r n~~ ~~;~~:::: ~.:!.I~-: ~~i:"!~' ;f:; 
_ manner ae beforo. It was rrom 8.l» A.III. N",,~. UtI! I" 

~ry to clear a-way the carth :~~A:~g~;~~ 7)~::ei.~;! 
ell round tIle IJOOdling to 8. little ndllmll" o .... b.lf _Ie. 
depth in order to 1)1&00 8. mark 
beneath tho apex. The figure (Fig. 60) shows that the apex 
moved to ono sido, but changed its COlU'flO klll tilDC6 in the 
cou!1Ieofthelcnhour&ofobl;crT8.' 
tioujlOlhlLttherecanbenodonbt 
abont itt circumuutation. The 
NU88 of the general movement 
in one direction could hardly 1:1)0 
attributed 10 Ule entrance of 
lalerallight, 18 lhia was carefully 
(tnIniedagailllltj andwelJUPJI08B 
R-n.a iU80me manner connected 
with the removal of tllO earth 
round the liltle8Otdling. 

wtly, the80il In tho same pot 
.... _rehed .... ·ith tbo aid of a 
leu,And thowhi1eknifo-likeapeJ[ 
oIa8l'l.'tllin~lI"lIII found on an exact 
IeYel-.rith that or the 81ln"Ounding 

I'Mw;. C_~imI": cil"CllmDu, 
tali .... of. ~err rOllog rotr­
ledon, with a mark 1'1&«<.1 

~~:on~:~ ;1:.:: It::: 1~~3; 
A.lI. w9.SOr.lII. Dec:.. 13th. 
)Ioyem~nt "r ape:. &'"Utlr 
magniliod. hen reduced 1<1 
n" .. rourtboforigi .... '_le. 

earlaoo. The lIOillI"lIII removed all round the apex to tho depth 
of a quarter or an incl!, the eoed ill;eU relllllining covered. The 
pot, protected from Ia.teza1 light, WlIII placed under the micro-

The Comolete W rk of Chari s lin 
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fIOOpe with a micrometer eye·piece, 80 arranged that each 
division oquallod m th of an incli. After au intcrvu.l of 30 m. 
tho u.pox waa observod, and it was !lOOn to cross 110 littlo obliquely 
two divisions of the micrometer in n m. 15 II. ~ and after a fow 
minutos it cl'Ol'&ld tho samo SllnOO in 8 lll. 5(18. The ooodling 
was again obser;ed.u.fter an intermlof thl"'OO-<J.uartenl of an hour, 
and now tho apex crossed rather o1)liquely two divisions ill 10 m. 
We may therefore conclude thut it was travelling- at about the 
rate of n th of an inch in 45 minutes. We ma.y also ooncludo 
from these Rud the previous ob!;crvations, that tho soodlings of 
Phalarisiu 1)rcaking through tho surfaoo of tho soil cirollm­
nutate as much u.s the surrounding pressure will permit. This 
fact acoounl.s (as in tho ca.sobefore given of tho asparagus) for 
a circular, narrow, opeu BllnOO or crack being distinctly visiblo 
round soveral soedlillg6 which had risen through vory fl.no 
urgilloooous saud, kept unifonnly damp. 

Zea maya (Gramincro).-A glflSll filament "WRS fb:od obliquely 
to tho summit of aootylooon, 

Fi ~ .!:>1. risin;·2 of !Ill inch aOO\·o the 

Q 
groundibut1)ythethirdmorn_ 
ing it had grown to exnctiy 
thrice this hoight,so that tho 
distance of the bead from tho 

\ ~ 
mark bolow was greatly in-

" \ creased,consoquentlythtltrnc-

! 
;::. 

iog (Fig. 51) WM mud. muro 
magnified on the first than on 

J 
tho IIOOOnd day. The upper 
~rtorthe cotyledou chu.ngod 

->- lts oourse by at least as mnch 
Z .... ""'y. ; cireumuut&tiono{""tyl .... RSll.rootanglosixtimesoneach 

dou,t .. ced oohori.uubl ~ IA .. ,f ... )Dl ofth(l two dayll. The plant 

!~r:;~~!~~?~::fit~,.~!~~ ~::ll:~na~~~~ o~~~ 
ThiB was a nOOOliSafy preeo.u­

lion, RS on tho previous day "We had tmccd the movemonts of 
cotyledons placed in a deep box, the inner aido of which wu.s 
feebly illuminated on 0110 sido from a distant north-east window, 
and at each ob!iervaiiou by a wax taper held for a. minute or 
two Oil the llIIlue sido; u.nd the result WaB that tho cotylooons 
travelloo all day long to this sido, though Ulllkingin tbeiroourso 
some coll8picnous ft"lo:U10l>, from which fact alone we might hlLvo 
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concluded that thoy wore ciroumnutating; but '111'0 thought it 
.d,..u.ble to make the tracing above given. 

Jladid •• -Gw. filaments wore filed to two .bort radicles, 
placed 80 aa to .14Dd almolJt upright, and whililt bending dowu­
wards through gootrollifUIl their OOUI1lCll were strongly zigzag; 
from this lattor cireum.stanoo cil'(lumnutation might have been 
inferred, had not thoir tip.s booome slightly withered after tho 
fit'l3t 21 h., though thoy were watered and Iho air kellt vcry 
damp. Nino radiclca wore nCl:t nrmngod in tho mauner 
formerly dOllCribod, so that in growing dOVo'lIwllrda tbey left 
tracoon 8moked gla!lll-platca, inclined at ,'arioUl nng!ea betw~n 
4,')-and8CPbuneatb the horizon. AlmOllton,ry 0110 of theso 
tracb ofI'erodevidenoo in their greater or lea breadth ill dif­
ferent parta, or in little bridb'eIJ of /lOOt being 
left, that the Ip<u: had oome alternately into }'i,. :.Z. 
more InJ llWl cloae contact with the gla.sa. Iu 
the aocompculying figure (Fig. 62) '111'0 hive 1 
I.D accurale copy of one IIDch track. In t",o 
in~tanees alone (and in these tllO piaU. were 
highly inclined) there was some evidenoo of 
dight lateral movement. We prllflllme therefore 
that tho frictiOn of the apex on Iho smoked 
wri'aoo, hulo lUI Ulis could have boon, suffiood , 

~~~e;:: :~c=emeut from &ido to &ide of theso Z41~~!'i~~~~ 
_i_a ""ilia (GramiDeal).~A cotyledon, H smohd ,1_ 

ineh in height, waa lliaood in Cront 'of II. north- plaLe 1,1 ti" 

e.t window, and the movement of the Ip<u: ~;:~~~.~~ 
nl traced Ott I horizontal gla811 during two ,.."rda. 
day&. It mo,.ed towaniB tho light in I alightly 
ligug line from!) to 11110 a.ll:. on October 15th; it then Inove:i 
'littlo backwards and zigzagged mu~h U1ltil 6 I'.lf., Irter which 
bour, and during tho night, it continued to IUOVO towlll'liJl tho 
window. On tho following morning tho &lmo lUovemout was 
tmLlinuoo in" nearly straight lino until 12.401'.11., whon tho ~ky 
remaine:l uulil 2.35 extraordinarily dark from thuuder-cLouds. 
Daring thil interval of Ih.55ro.,whiJst tho light WlUI ob8cure, 
it ... inU!l'8fIting to ob6crl'e how circurunutation OVCl"ClUllO 
heootropilm,torlhoapcl,iustoadofoontinuingtoUlOveto,","lI.nis 
tbe wlnJow in I slightly zigug line, rovcntOd ita COUlW'l four 
tUDo.,ma.k.ing t\\·o am.allnarrowellip808. A diagn.m of this caae 
Tillloegivcn in tho chaptcr on licliotropWn. 
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A filament WILlI next fixed to a cotyledon only t or an inch in 
height, which WIIS illuminated exclus.hely from above, and as 
it WAS kept in a warm greenhouse, it grew rapidly; and now 
there could be no douhtaboutitacil"(l1lmnutation.foritdoecribed 
a figure of 8 as well as two small ellipses in 5! hOUI"!!. 

Ntphrodium molle (Filioee).-A seedling fern of this species 

V
ig'ii~' ::tn~C:~i~~~,,:i;~eH;:~ 

AS yet only slightly lobed, was 

?;:~. '~!:!t~~ :~b:~l:~:!~~ 
on a rachis 118 fine as a hair 
and '23 of IlJl inch in height. A 
very thin glass filament, "I\'hieh 
proJooted for a Jellio-th of '36 of 
an inch, wa.s fixed to the end of 
the frond. The movement was 

&r~E:rY:;;~~~~~~~~:~~ ::'u~g~~g.~r~fi:ott!:t r:::; 
from 9" 1Il. to 9. V.l!.. Oct. :10th. trusted; but the frond WII8 

~::,:~.Ilt of bead ~glldied 48 =:!:~!~~O~~g:;; co~~~ 
ehanged itacounJe eighteen times in the 12 houl"8ofobservstion. 
Withinhalfanllouritoftcn returned ina line alJnOlltptU"nllel 
to ita former course. The grcatestamount of movementooeurred 

between 4 lind 6 1'.31. 'fhe oiroumnutA-
fig.;).!. tiouof this plant is inierosting, bocn.use 

~ 
the species ill the genus Lygodinm are 
well known to cireumnutateconspicuously 
and to twine round any neighbouring 

:::::::-. object. 
&I<>gi1Ie1la Kravaii(?): &layinella Krouuii(?)(Lycopodi~). 

ciro umuuu tion of -A very young plant, only '4 of lin Inoh 

i~H:~.:E~~~;~: ;:~~I~~~. ~:P::~m:~/~:o I;~U fi~~~ 
Oet.3bl. mentwlI8 bed to the end of the frond-

liko stem, lind tho movement of the bead 
traced on a horizontal glass. It chllnged ita course sevc""l 
times, 11.8 ahoWll in Fig. 54, whilst observed during 13 h. 15 m., 
and returned at night to II point not far distant from thllt 
whence it hnd slarlod ill the morning. There can be no douM 
thnt thislihloplllUtcircnmnutated. 

I W rk f rwin nli 
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CHAPTER II. 

(ju .... u. CoIlIID&lU.TIO!lS ON THII MOVt;MIIJITII .l!ll,) QA01\'T/l OP 
SEEDLING PUllT'L 

Geller.lily of Ihe eircumllnta.tillg movell1ellt-Radlere., t.belr clreuDI. 
Duu.tionofaervloe-MaIlHerin .. biebtbe!"!lellOtratetbeground_ 
lIanD&r III .. hieh bypoootyia and olher organ. bnU: through the 
ground by belllr ...::hed.......sillgular manuer of germination In >lleg&r_ 
rhi~ .te.-Abortioo of ootyledo_Cin::umuubltion of bypoootyl~ 
aDd epIo.>tyla wbiLit ,till buried and a~hed-Their po.'cr of 
ttrt.ightening thcm ... I..-Dantillg of the aeOO-ootIlI-lnberit.cd 
elfeel of tbe an::hingpl'OOCeII iuhypogean bypoootylll_Oireumnuta_ 
tioI. of hyJ)oooCyll nd cplootyll wben erocl.-CireunmutEltioll of 
ootyledOD.-Puhini or joint:. of oo~yl«lon .. duration or their 
aelivUy, ru~llIIcnu.1'J' in On,1i8 romicniata, their ,Ievelopment­
Senllitivtnea of c"tyi(i(\onl to light and oonaequent ~i!tnrhaucoof 
tUcirpcriodie movcmenla-Sen.itiveue .. ofcotyi(dolll to coutacL 

TUE c.ircumnutating mo.ements of the several purls 
or orgall8 of a considerable number of seedling plants 
have been described in the last chapter. A list is here 
Appended of the :Families, Cohorts, SulH:lasses, &c .. 
to Yt' hich they belong, arranged and numbered ac­
cording w the cl8S5ification adopted by Hooker.· 
Anyone who will consider this list will see that the 
young plants 8elected for obsermtioll, fair ly represent 
the lII'ho\e vegetable series except ing the lowest 
cryptogam8, and the movements of 80Ilie of the latter 
.hell Illature will hereafter be described. As all the 
k'edlings which were obsen-oo, including Conifers, 
Cycads and }~ems, which belong to the Illost ancient 

• A. ,i.en ill the 'Geueral. Sy.tern of 80"'-111,' by I.e MlOutand 
~,IIIjS. 
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types amongst plants, were continually circumnu· 
tilting, we mlly infer that this kind of moyement is 
(.'ommQIl to every seedling sr1ccies, 

S~ItoK'SGDOlIII 1.-l'luRog&moua Plaut.. 

Clf1S8 ! .-DIOOTtU:OOS6. 

SuklllU ( -.hlyiOf/JU1OII. 

Family. 
14.C.-vcif_· 
26. CnrtJOPltylka. 
S6.JI.--. 
41.0#J/~. 

49. T"'I'«'~' 
r.~ . ......... mt.o:..:-. 
7{/./IippoctlllaM«. 
1~.Ltyo<,..;_. 

10~.~t:J«QI. 

122. CompOfil«. 
1J~. Pr"mtllaooa:. 
1 1~ • .AKk~. 
Ir.!. CaOlo:oinWacAr, 
It>l.lJon-a.jiMtz. 
UU • .YoI..-. 
1l7.~. 

181.~Jitta. 

!O~.1.'w~. 

~II. CvptIIif_. 
!12. Cor!lr.:-. 

Z'H c-Y.,a. 
2~4.C~. 

Cohort. 

1\'. CARYOrHYLL.lLI1 

VlI. GER.l'<'ALI1I. 

D= 

x. S .. r,,<o .. I.l1 

Xl.llOil'ull. 
Xli. \'''''''FWR..lLlll. 

XI\' •• ',OOIO .. L>:S. 

XVIt. AnIlAlotli. 
XX. I'lllllllC"LALrll 

XXII. GI!!<TlAS.lL12I 

XXIII POLOlOS'.\L',& 

D= 
D'TJ"O 

XXI\·. Sou.s .. u:a. 
XX\"II. CUI!."'()l'QDI"LI~ 
XXXII. LIJPIIORI'IIAL.Ji. 
xxxn. QIJERlI".I.U1 

D.= 

Clll.S8 1I.·-lJO:iOOOTYLJ:DOl\"S. 

2.a..._. 
S4.Lil~. 

41. .AIJ>IN"fJ'pa. 
~~ G....,.; ... -a. 

I. Filioel. 
8. LyotJfJtIdia:ttr. 
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Radiela.-In all the germinating seeds obscned 
by liS, the first. change is the I)rotrusion of the 
rudicle, "hieh immediately bends dowuwards amI 
endeal'ours to penetrate the ground. In order to 
eft'ect tilis, it is ulmost necessury that the seed. should 
be IlfCssed duwn so as to offer somo resistancc, lUlless 
indeed tho soil is extremely 10088; for otherwise the 
seed is lifted III', instead of the radicle penetrating 
the SlIrfuce. Hut se«ls often get col'eM by earth 
thro\\ll lip by burrowing quadrupeds or 8C.ratehing 
birds, by tile CR8tings of earth-worms, bl' heaps of 
excrement, the decaying branches of trees, &0., and 
will thull be pressed down; and they must often fall 
into cracks when the ground is dry, or into holes. 
Even with IlOC<Is lying on the bum surface, the first 
del'eloped root-hnirs, by becoming attached to stones 
or other objeets on the 8urfuce, are able to hold down 
the Illlpcr part of the nuliclc, whilst the tip pene­
trates the ground, Sachs has sho\\'IJ.· how well and 
closely root-lluirs adapt themselves by g":)\\1h to the 
m()ljt irregulnr particles in the soil, and become fimlly 
attached to them. This nttaehment seems to be 
eft'ected by the softening or liquefaction of the outer 
lurface of the wall of the hair and its subsequent 
eon80lidation, l\8 will be on some futuro OCCilSion 
more fully described, This intimate union plays an 
important part, accordi ng to &lchs, in the absorption 
of \\Ilter and of the inorganic matter dissol\"oo in it. 
The mcehnniCll! aid afforded by the root-hairs in pene­
trating the ground is probably only 8. soooudary 
tl'n'ice. 

The tip of the radicle, as BOOn as it protmdes from 
the seed.coats, begins to circllmnntatc, and tile whole 

• 'l'byalologieVigitale,'I868,pp.lOO,2W. 
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growing part CQntinues to do 80, probably for 88 long 
I\S growth continues. 'fbis rom"emcnt of the rndicle 
has been described in Bmssicn, lEsculu8, Phnseoins, 
Vieia, Cueurbita, Quercus and Zen.. Tho probability 
of ita occummoo 11'88 inferred by Sachs,· from mdic1es 
»laced vertically llpwarda being acted Oil by geotro­
pism (which we likewise found to be tho case). for if 
they bad remained absolutely perpendicular, tho attrac­
tion of gmvity cou ld lIot have caused them to bend to 
Rnyono side. Circumnumtiou was observed ill tbeabovo 
specified cases, either by meaus of extremely fine fila­
ments of glass affixed to the nulicles in the maDDer 
previously described, or by their being allowed to 
grow downwards over inclined smoked glMS-plates, on 
which they left their troeks. In the latter cases the 
serpentine course (see }~ig8. 19, 21, 27, 41) showed 
unequivocally that the apex had continually moved 
from side to side. This lateml moycmCllt was small 
in cxtent, being in the case of Phasoolus at most 
llbout 1 mm. from 0. medial lille to both sides. nut 
thero \\'88 also movement in fL ,-ertical!llano at right 
angles to the inclined glass-plates. This WIUl shown 
by the tracks often being alternately a little broader 
and lU\lTOWer, due to the mdieles having alternately 
pressed with greater and leBs forco on tho }llates. 
Occasiollally little bridges of soot wore loft across the 
tmcks, showing that the apex had at these spots been 
tifted up. This latter fact was especially apt to ()C(lllf 

• 'Ueber du Waoblihum der 
Wu~ehl: Arbeiten d.bot. In-
1l1;luta In Wdnburg,' Heft Ill. 

!~:. ria 4~~i~i!,:3e~r!i t:: 
t~'T8"d ... n. lobe .tndled .. a. 
=e~eor.bUre~ .. eill::!!f!!l~ 
tercr"'itre~tedll. lh.Yrank 

~ The Complete Wol1<. of Charles DarWin Onh e 
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whl'n the radicle instead of travelling straight down 
tbe glMS made a sc.micil'cular bend; but Fig. 52 
.bonthat this ffiayoccurwhen the track is rectilinear. 
The apex by thus rising, W88 in one instance able to 
lunnount a bristle cemented across all inclined glnss­
plate; but slips of wood only ta of an iuch in thickness 
aJ" .. ys caused the radicles to bend rectangularly to 
one side, flO that tho apex did not rise to this small 
height in Olll)()8itioll to geotropism. 

In those cases ill which radicles with attached fila­
ments were placed so us to swnd up almost vertically, 
they curved downwards through the action of geotro­
pism, dreulllllutatillg at the Mme time, and their 
cou~ were oonsequently ziS7..1l.g. Sometimes, how­
ever, they made grctlt circultlr sweeps, the lines being 
likewise zigzag. 

&dides closely surrounded by earth, even \lhen 
this is thoroughly 808ked and softened, may perhaps 
be quito provented from circumnutating. Yet we 
Ihould remember that the circumnutating sheath-like 
eotyledons or Phalnris, tbe hypocotyls of Solanum, 
and the epicotyls of ABparagus formed round them­
.. h·es little circular cracks or furrows in a superficial 
layer of damp argillaceous sand. '1'hey were 0180 
able, II!! well II.S tho hypocotyls of Brussica, to form 
atnight furrows in damp sand, whilst circllmnutating 
and bending towards a lateral light. In 0. future 
chapter it will be shown that tho rocking or circum­
aalating movement or the flower-heads of 'l'rifoUum 
1Mbttrr«neum aids them in burying themselves. It is 
th",refore probable that tho ci,reumnutation of the tip 
01 the radicle aids it digbtly in penetrating the 
pound; and it may be observcd in several of the 
preTiously gi \'en diagrams, that the movement is 
more strongly pronounecd in radieles when they first 

The Comolete Work of Charles Darwin Onhne 
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Ilrotrude from the seed than at a rather later period j 

but whether this is an acddental or an adapti,-e 
coincidence we do not pretend to deeide. Ke,-er­
theless, when yonng radicles of P1UlMdUl ",ultifllYr1U 
were fixed vertically close over damp sand, in the 
expcetation that as soon as tbey roached it they 
would form circular furrows, this did not occur,-a 
fact which may be accounted for, as \\'0 believe, uy 
tho furrow being filled up as soon 0Jl formed by tho 
rapid incret\se of thickness in the apex of the rodiele. 
Whether or not a radicle, when surrounded by soft­
ened eartb, is aided in fonning IL Jmssage for itself 
by circtlDlllutating, this movement cau hardly fail 
to be of high importane(', by guiding the rodiele 
along aline of least resistance, as will be seen in the 
next chapter when we treat of the scllsibility of the 
tip to contact. If, bowe,-er, a radiclo in its down­
ward growth breaks obliquely into any crevice, or a 
holo left by a decaycd root, or olle made by tho 
larva of an insect, and morc espeeinlly by worms, the 
circulilnutating Dlo,'ement of the tip will materially 
aid it ill following such open passage; nnd we have 
observed that roots commonly run down the old 
burrows of worms.-

When a radicle is placed in a horizontal or inclined 
position, the terminal growing part, ns is well known, 
bends down towards the ccntro of the earth j and 
&chs t has shown that whilst thus bending, the growth 
of the lower surface is greatly retarded, whilst that 

• 8ee, .. I!lO.Prol'.H~n.en',gtat&­
monta (. 1,.e\uehrin tn. WiNe ... 
1,001.; n.uvlil.p.8M.IS7i)to 
U.o ... me efl'eet. Ife goes 10 far 
.. tobeli",·e thatrootaal'9able 
tol'elletrste the JrrOUI1dtoagreoot 
deillhooly by mea .. , oflhe bur-

w'" 

row, miuJe by worms. 
t 'Arbell.cn dOl bot. 1 .. , 1. 

Wllnburg,' ,·ol.i.I873.p.4tiI. 

rE C:~g:::~~;r ~~rr:! 
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of Ihe upper surface continues at the normal mte. 
or may be e,'ell somewhat increased. lle has further 
IhOlfn by attaching a thread, running oyer 1\ pulley, 
to a horizontal radicle of large size, namely. that 
of the commou bean, that it W88 ablo to JlUU up a. 
weight of only one gramme, or ]5'4 groins. Wo may 
thereforo conclude that geotropism does 110t give a. 
radicle force sufliciellt to penetrate the ground, but 
merely tells it (if such an expression Illay be use<l) 
wbich course to pursue. Before we knew of Sachs' 
more precise oi.l6ermtioIlll we coverod a flat surface of 
damp sand with the thinnest tin-foil which we could 
procure ('02 to ()3 rum., or -00012 to 'OOOiO of all inch 
in thiclmess). and placed a radicle clO8O above, in snch 
• position that it grew almost perpendicularly down­
nrds, When the apex came into contact with the 
polished lovel surface it turned at right angles and 
glided over it without leaving any impl'()SSion; yet 
the tin-foil W88 so flexible, that a Iittlo stick of soft 
wood, pointed to the sarno degree as the end of the 
ra/lido and gently loaded with a weight of only a. 
lJtw1Cr of an ounce (120 groins) plainly indented the 
tin-foil. 

Radicles are able to penetrnte the ground by the 
toree duo to their longitudinal and trollS\'Cr80 growth; 
the seeds themseh"es being beld down by the weight 
01 the superincumbent soil. In the C!l8C of the beml 
the apcx, protected by the root-eap, is sharp, and 
the ~roll'ing part, from 8 to 10 mm. in length, is 
bluch more rigid, iLB Sacha hiLB ]lroved, than the part 
immediatcly aOO"e, which hiLB ceased to increase ill 
length. We endeavoured to fUlCCrtain tho downward 
preunre of the growing part, by placing gcnninating 
beans betwccn two small metal plates, the upper one 
of trhich W68 loade<1 with fL known weight; and the 

It I" 
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radicle was then allowed to grow into n narrow hole in 
wood. 2 or 3 tenths of an inch in depth, and closed at 
the bottom. The wood W48 80 cut that the short space 
of radicle between the mouth of the hole and the 
bean could not bend laterally on three sides; but it 
was imJXlssible to llrotcct the fourth side, close to 
the bean. Consequently, as long as the radicle con· 
tinued w increase in length and remained straight, 
the weightoo heM would be lifted up after the tip 
had reached the bottom of tile shallow hole. Beans 
thus arranged, surrounded by damp sand, lifted up a 
quarter of a pound in 24 h. after the tip of the 
radicle had entered the hole. With Il. greater weight 
the radicles themselves always became hent on the OM 
unguarded side; but this llrobably would not have 
occurred if they had boon closely surrounded on all 
sides by oompu.ct earth. 'l'here was, however, a 
posgible, but not probable, source of error in these 
trials, for it was not ascertaincd whether the beans 
themselves go on swelling for several days after they 
have germinated, and after having been treated in 

the manner in which onrs had been; 
t'ig.55. namely, being first left for 24 h. in 
~ water, then allowed to germinate in 
~ very damp air, nfterwards placed over 

Ou~lin" of pi_ of the hole and almost surrounded by 
~~ha~fedUD~u,!'; damp sand in a closed box. 
5ize) with I bole 'Vesllcceeded better in tllICertaining 
!~:~ejcle Wo~iC: the force exerted transversely by these 

=~;7~~F~;: ;:~:::to ;~:;ll \\~~~es som!!:: ~tt1: 
inch, at b<O&d end sticks one of which wns cut into the 
~~t;'l idn"£~.h of sllll.pe'here exactly copied (Fig. 55). 

'fhe short end of the stick beyond 
the hole was purposely split, but not the opposite 

I W rI< f rwin nli 
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end. As the wood WItS highly etMtie, the split or 
fissure closed immediately after being mooe. After 
si:!: days the stick and bean were dug out of the damp 
Mild, and the rooicle was foulld to be lUuch enlarged 
aoo"e and beneath the hole. The fissure, which was 
at fi rst quite closed, was now open to a width of 
4 mm.; fLIl soon as the radicle was extracted, it imme­
diately closed to a width of 2 Illlll. The stick WiLS 

then suspended horizont.a.lly by 
a fine wire passing through the 
hole lately filled by the radicle, 
and a little saucer was sus­
pended beneath to recei,e the 
weights; and it required Bibs. 
80zs. to open the fissure to tho 
width of 4 mm.-that is, tho 
width before the root was ex­
t1a('100. But the pa.rt of the 
radicle (only '1 of an inch in 
length) which \I'M embedded in 
the hole, probably exerted a 
greater tmn8\'Crsc strain e,'en 
than Blbe. BoZ8., for it had. split 
the solid wood for a length of 
rather more than II. quarter of 
an inch (exactly '275 inch),and 
this fissure i.s shown il.\ Fi.g. 55. W~;f..lJi~~::i ~;ri~;~~hb~ 
A second stick WM tried. In the holt ('14 i""h in diameter 

lIUlle manner with almost ex- ~:~~6 ~D~~.I~~~~~) c~~ 
actl~ the 8il.llle result. !(r; fh~:C~:,bi~~I:~iC:: 

" e then fo llowed a better Cro.... Trmp. W"--8O" Y. 
plan. Holes were bored near 
the narrow end of two wooden clips or pincers (Fig. 56). 
kept closed by brass spiral springs. Two radiclee in damp 
land were allowed to grow through these holes. The 
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pinccrs rested on glass-plntes to lessen the friction from 
the sand. The holes wero 0. little larger (vi?:. '14 inch) 
Bnd considerably deeper (viz. '6 inch) than in the 
trials with the sticks j 80 that a greater length of n. 
rather thicker radiclo exerted a trallsverse stmin. 
After 13 days they were taken up. The distance of 
two dots (see the figure) on the longer cnds of the 
pincers was now carefully measured; the radic1cs were 
then extf'3("ted from tl16 holes, and tho pincers of 
course closed. They were then suspended horizontally 
in the 8il.me mauner as were the bits of sticks, and II 

weight of 1500 grams (or 3 lbs. 4 07.8.) \\'1\8 necessary 
with one of the pinct'l"!I to open them to the SlUnc 
extent lUI had been effected by the trannerse growth 
of tho radicle. .(\5 soon 1\3 tbis radicle had slightly 
opened the pincers, it had grown into IL flattened form 
and had escaped 8 little beyond the hole j i18 diameter 
in one direction being 4'2 mm., alld at right angles 
3'5 mm. If this escape (L1\(1 flattening cou ld have 
~Il prel'ented, the rilrlic1e would probably htl.\'e 
exerted IL greater strain than the 3 Ibs. 4. 0%5. With 
the other pincers the radicle escnped still further 
out of the hole; and the weight roquire<l to open 
them to the salllO extent as had been effected by the 
radicle, was only 600 gfllms. 

With these fncts before liS, thero secms little diffi· 
culty in lUlderstulldillg how a radicle penetrates the 
ground. The apex is pointed and is protected. by 
tho root-cap; the tenninnl growing part is rigid, and 
increruK!S in length with 1\ force equal, 1\8 far as our 
observations can be trusted, w the pressure of at least 
a ql1tlrter of U pound, probAbly with IL milch greater 
force when prevented from bending w any side by tho 
surrounding earth. Whilst thus increasing in length 
it increases in thickness, pushing away the dump 
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('8rth on all sides, with a. force of above 8 pounds in 
one case, of 3 pounds in another CIlSC. It was impos .. 
sible to decide whether the actual apex exerts, relati\'ely 
ill its diameter, the same trnlls\'erse stmin as the parts 
a lihle higher up; but there 8Cen18 no reasoll to doubt 
that t his would be the case. The growing purt there­
foro docs not act like 0. nuil whon lw.nllilcred into a 
boo.rd, uut more like a wedge of wood, which whilst 
dOllly dri\'cn into n crevioo contillulllly expauds at 
the 8(llUe time by the absorption of water; and a 
.. edge thus Reting will split even a mass of rock. 

Jf«nlU'T in tchuh IIypocoiyl., Epicotyl., etc., "'88 up 
OM Lreak through, the ground.-..vter the rndicle has 
penelmted the ground and fixed the seed, the hYI)().. 
ootyls of all the dicotyledonous seedlings obsen-ed by 
us, v.hich lift their cotyledolls lIooove the surfnco, break 
through tho ground in the form of tm Ilrch. When 
the cotyledons nrc hypogean, that is, remnin uuried in 
the soil, the hYl)()COtyl is hnrdly dcvcloped, and the 
epiootyl or plumule rises in like Illllllller as lln arch 
thruugh the ground. 1n all, or at lellSt i ll most of such 
~ the dOl\lll\'ardly beut apex remains for a. time 
enclosed within the seed·coats. With Oorybu avel. 
laa the cotyledons o.re hypogean, and the epicotyJ 
is arched; but in the particulur CNJO descrilled in 
the last chapter its apex had been injured, and it 
grew lntcrolty through the soil like a root; amI in 
consequence of tnis it had emitted two secondary 
,hoots, which likewise brvke thruugh the ground as 
archCll. 

Cyclamen docs not produce any distinct stem, and 
ODly a single cotyledon appears at first;· iLl petiole 

• Tb\;lbtheoODch~oar.nived ~crod by other bl!taDi.t. ... 
• 1 by Dr. U. Gre.ner ('Dol.. tbe llral I¥ue le.r V re.lly tbe 
Zc,ilUD;:; 18i~, p. 8::17). wh" ."OOIld ~'Ot) led.;m, wbt<:h 1.. greoo.lly 
-.waa tha& wu.t h.o.oi boeu dti!.yctl iu 11.1 W.Ydtiplll<:.l1L 
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breaks through the ground as an arch (Fig. 57). 
Abronia olso has only a Ringle fully 
developed cotyledon, but in this 
case it is the hypocotyl which first 
emerges and is arched. Abron£a 
umbellata., however, presents this 
l>eCuliarity, that the enfolded blade 
of the one developed cotyledon 
(with the enclosed endosperm) 

Cycf!Jt>lell p~: whilst still ooneath the surface has 
~~~' c~gbl:d. ~:r its apex upturned find pafill1el t() 

~rw~~:;£~~~~r~ ~~~~~~n;dingu~e~t ori:hed~::~ 
~~~:;i ~~f~~ o.ut of the ground by the con­
latueonn; r,MCIIDIl- tlllUed growth of the hypoootyl, 
ary radicle.. with the apex pointing downward_ 

With a!leas pectirw.J,a, the ootyledOIlR are hypogean, 

~'ig. 58. 
and a true leaf first breaks 
through the ground with 
its petiole forming all 
arch. 

In the gellus Acanthus 
the cotyledons are likewise 
hypogean. In A. molliB, 
a single leaf first brcaks 
through the ground with 
its petiole arched, and with 
the opposite leaf much less 
devcloped, short, straight, 
of a. yellowish colour, and 

AO)jIllt~ ... IlWlI": -'Hng, with the with the petiole at first not. 
~J~on~:I!~t~: ~~~~l::~~~ half as thick as that of the 

~~2n;~~~~~i a:~~~ f!ti's ;~t:Ct~~lt;::=-
"1>potiU lear, .. Y" nrylmper- ing oom'nth its arched fel-
~7ed~:1';O~~p~~!'!rQ low; and it is an instme-
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tive fact that it is not arched, as it has not to force 
for itself a pilssage through the ground. In the accom· 
panying sketch (Fig. 58) the petiole of the first leaf 
hae already partially straightened itself, and the blade 
it beginning to unfold. The small second leaf ulti· 
mately grows to an equal size with tile first, but tbis 
prooess is eft'ceted at very difforent ratCfJ in different 
individuals: in one instance the second leaf did not 
.ppear fully above the ground until six weeks after the 
8nt leaf. As the leal'es in the whole family of the 
Acanlbacero stand either opposite one another or in 
whorls, and as th£!8e are of equal size, the great in· 
equality between the first two leal'es is a singular fact .. 
We can 1k.'C how this inequality of do\'olopment and 
the arching of the vctiole could have boon gradually 
acquired, if they were beneficial to the soodlings by 
favouring tllCir emergence; for with A. wndelabrum, 
tpillQ8lU, ll.1ld lal,ifoliu. there WI\8 great variability ill tho 
inequality betweeu the two first leal'es and in the 
arching of their petioles. In (lne seedling of A. Mn-­
~m the first leaf was arched and nine times as 
long as tho second, which latter consisted of a Illere 
little, yellowish-white, straight, hairy style. In other 
-.llings tho difference in length between the two 
)('8ves \\'1\8 as 3 to 2,or 1\8 4. to 3,or as only '76 to 
'62 inch. III theso Intter cases the first nnd taller leaf 
... not prolX'rly arehed. Lastly, in another seedling 
there ""til! 1I0t the Icfult difference in size between the 
two first lea\'es, nnd both of tllCm ha. ... their petioles 
straight: their lnminlll were enfolded and pressed 
Ijt&illilt each other, forming a. lnnco or wedge, by 
which meAns thoy had broken through the ground. 
Therefore ill different individua.ls of this SAmo species 
or Acanthus the first pair of leMes breaks through 
lhe ground by tl'o·O widely different methods; and if 
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either had proved decidedly nd,'nntageous or disad­
YIlntagcous, one of them no doubt would 8()(.o1l have 
prevailed. 

Asn Gmy has described· the peculiar manner of ger­
mination of three widely different plants, in which the 
hn)()C()tyl is hardly ataH developed. 'I'hese were there­
fore obserl'(m by us ill relhtion to our present subject. 

DJphinium nudicaule.-The elongated petioles of 
the two cotyledons arc confluent (liS are sometimes 
their blades Ilt the base), and they break through the 
ground ns an arch. 'fbey thus resemble ill a most 
deceptive manner n hypocotyl. At first they are 
solid, but after a time become tuimillr; und the basal 
pun beneath the ground is enltlrged into a hollow 
chamber, Ilitbin which the young lea,·es iU'O developed 
without Imy prominent plulllule. Externally root­
hairs are formed on the confluent petioles, either a. 
little above, or 011 a level "ith, the plumule. The 
first leaf at an early period of its growth and whilst 
within the chamber is quite stmight, but the petiole 
soou becomes Il.rohcd; Ilnd the swelling of tim pari 
(and prooobly of the bladu) splits open one side of 
the chamber, and tile lellf then emerges. 'rhe slit 
W!\S found in one cruJC to bo 3·2 mm. in length, and 
it is seated on the line of confluence of the two 
petioles. 'fhe lea.( when it first escapes from the 
chamber is buried beneath the ground, aud 1I0W au 
upper part of tho IlCtiole near the blade becomes 
arched iu the uSWlI manner. 'I'he second leaf comCi 
out of the slit either straight or somewbat arohed, bui 
afterwards lhe uppcr pt\rt of the peliole,--certaiuly in 
some, and we belie,'e in all cuses,-fl.rChes itself whill4 
forcing t1 passage through tho soil. 

- 'DotuuleaITcxt·DooIr,' 1879,p.2Z 
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Megarrlu'za Oaliforttica,-'l'he cotyledons of this 
Gourd nover free themselves from the seed-oouts and 
are hYlKlgean. Their petioles arc completely con· 
Ouellt, forming n. tube which terminntes downward", 
in a litlie solid point, consisting of t\. minute rudjclf' 
lUll! hypocotyl, with the likewise minute plumule 
('uclosed within the base of tho tube. 'rhis strneturf' 
1'111 ,,·ell exhibited in an abnormal specimen, in which 
one of tho two cotyledons fuiled to prodliOO a petiole, 
_hilst the other produced one consisting of UII opell 
... micylimlcr ending in a sharp point, fonned of the 
JlIIom just described. A.s soon Il.8 the conflucnt 
lM'tiolc8 protrude from the seed tlley bend down, "" 
thl'y are strongly geotropic, and penetrnte tllC ground. 
The seed it8elf retains its original position, eithN' 
on the surface or buried at some d('pth, o.s the ellS(' 
may be. If, howe\'cr, tho point of the confluent 
petioles llloota with some obstacle in the soil, us 
appears to hure occurred with the seedlings descrilx>d 
and figured by .A.sn Gray,· tho eotyledollll are liflel\ 
up aoo,'c the ground. The petioles lire clothed with 
n,.,t-hairs like iLoJe Oil a tme radicle, and they 
like","ise resemble mdicles in becoming brown when 
inunerst'd in Il solution of permangallllte of poWsiJiulu. 
Our St.·c.-ds were subjected to a high t~ll1llernture. and 
ill tit(' CtJUr80 of threo or four days tho petioles Ileno· 
trak(1 the soil perpcndicplarly to a depth of from 
2 to 1t inches; nnd not until then did the truo 
redidt' begiu to grow. In 0110 specimen which \\"u~ 
cluirly obsen'ed, tho petiolcs in 7 days after their 
!In.t protrusion nttainod a length of 2, inches, and tlw 
radil·11) by this time had also become well dOl-eloped. 
The plumule, still enclosed within the tube, was Ill," 

• A_rlCAn Journal \lr Seicnoo;,' wI. d", lSi";, P. 21. 
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-=3 inch in lcngth, and was qnite straight; but from 
hil.Ying increasoo in thickness it lltl.d just begun to 
split open the lower part of the petioles on one side, 
along the line of their confluence. By the following 
morning the upper part of the plumule had arched 

Fig. ~8, A. 
itself into i\ right angle, and the 
oom'ex side or elbow had thus been 
forced out through the sli t. Here 
then the archiug of the plumule 
plays the SIlme part as in the case of 
the petioles of the De1llhinium. As 
the plumule continued to grow, the 
tip became marc arcbed, and in 
the ooursc of six days it emerged 
through the 2! inches of superin­
cumbent soil, still retaining its 
arched fonn . After reaching tbe 
surface it stmigbtened itself in the 
usual manner. In the aeoompany­
ing figure (Fig. 58, A) we have a 
sketch of a seedling in this ad­

\ vanced state of de"elopmcnt ; the 
surfuce of the ground being re-

Jfo/'"";z(J C(Jlif(JNI~: presented by the liue G ........ G. 
~~;:~ f':~ A:edd~~: The germinlltion of the seeds in 

~;~r ~:£~ro;: ~::~: 71~t!v~\~:I:f~~~:~I~o~:~Il~::' 
~~l;~~;:~;~£~i:~!~ ~:t~~C f;:!~r][~~i~~t:u:, i~~~:e:~i~~ 
~~'Tfal~~~l~/ .. _ ... G. ~~t~\:~~ /!\ ~l:a~~~~h~et!~!: 

the autumlln.i mins, and penetrate the ground, generally 
in a "ertical direction, to a depth of from 4 to e\'en 
{j inches. 'i'bey were found in this state by Mr. 
Rattnn during the Christmas va.eation, with the plu· 
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mules sliI! encJ08ed within the tubes; and llC remarks 
that if the plumules bad been at once de\'eloped and 
had reached the BurfllOO (88 occurred with our seed! 
which were exposed to a high tempeNiture), they 
would surely have been killed by the frost. As it ill 
th~y lie dormant at some depth benenth the sorface, 
and are thus protected from the cold; snd the root­
ia.irs on the petioles would supply them with sufficient 
moisture. We shall hereafter see that many seedl ings 
are llrotected from froel, but by a widely different 
process, namely, by being drawn beneath the surface 
by the contmction of their nH!icles. 'Vo may, !lOW, 
ever, believe that the extraordinary manner of genni­
DIllion of Megarrhiza has another and secomlary 
admntage. 'fhe radicle begins in a few weeks to 
t'nlarge into a little tuber, which tllen abounds with 
.larch and is only slightly bitter. It would therefore 
lie n:ry liable to he devoured by animals, \lete it not 
protected by being buried wbilst young and tender, at a 
ilt'ptb of some inches beneath the surface. Ultimately 
it grows to a huge size. 

lpoma:a leptophylla.-In most of the sp<'cies of this 
genus tho hypoeotyl is well developed, aJl(1 breaks 
through the ground 88 an arch. But the seeds of tho 
present species in genninating belmve like those of 
Megarrhb:u, excepting that the i'longated petioles of 
the cotyledons are not contiuent. After Ihey have 
protmded from tho seed, they are unit~d at tlwir 
lower ends "'ith the unde\'eloped hypocotyl and un­
developed radicle, which together form a point only 
about '1 inch in length. They aTe at first h ighly 
~tropic, and penetrate tho ground to a depth of 
rather aboyo half an inch. The radicle then begins 
10 grow. On four occasions after the petioles had 
lfO"'o (or a short distanoo vertically downwards, they 

G 2 
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\\ere placed in a horizonb\l l)OSition in damp air in the 
durk. and in the course of 4 h01l11l they again became 
('Hrvcd "ertically f]OIl"IIWnrds, havin,; passed through 
no" in this timc. But the-ir scllsitil'elle!l!l to geotropism 
lasts for only 2 or 3 Jays; and the tcnninal pnrt 
nlone, for a It'ngth uf behlcell ·2 and '4 illCh, is thns 
M'llsiti,'e. Ahhoug'h the petioles of Ollr spceimcns 
,lid not pcnctrnte the ground to a greater depth than 
ubout i inch, yat they continued for some time to groll 
fllpidly, and finally attained the great length of about 
3 inches. The upper part is apogootropie. and thef\" 
fore grows "ett ically upwards, el:Ceptillg a short 
l)Ortion close to the blndes, which at an early period 
bends downwards and becomes arched. and thus 
breaks through the ground, Afterwards this portion 
straightens itself, and the cotyledons then free them­
seiyes from the s~ed-coo.ts. Thus we here hal'e in 
different parts of the same organ widely d ifferent kinds 
of mo\'ement and of sellsitiveness; for the basal part 
is geotropic, the upper pnrt apogcotropic, and a portion 
lIear the blades temporarily and spontaneously arches 
itself. 'fhe plulllule is 1I0t de"eloped for some little 
time; and as it rises between the bases of the parallel 
and closely approximaw petioles of the cotyledon" 
which in breaking thrmlgh the ground have formed an 
almost open passage, it does uotrequire to bearcbed and 
is consequently ahmys straight. Whetller the plumule 
remains buried and dormant for a time in its native 
country, and is thus protc<:ted. from the cold of winter. 
we do not know. 'fhe mdiele, like that of the ) l egar­
rbizn, grows into 0. tuber-like mfLSS, whieh ultimately 
attains a great size. So it is ,lith l pollla!o, pamZural4, 
the germination of wh.ieh. as Asa Gmy illfonns BIt 
resembles that of 1. lepl.QPllylla. 

The follolling case is interesting in cOllneclion "ida 
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tho root-l ike nnture of tho petioles. 'rhe nuliclo of 1\ 

AN'dling Wll8 ent ofT, tl8 it was completely decayed, 
And the two now sepl\rated cotyledons were planted. 
'fIH'y enlittod roots from their bases, I\nd continued 
green and healthy for two months. 'fhe blades of 
both t hen withered, I\nd on removing the cnrth the 
hues of the petioles (instead of the radicle) were 
(;lunrl enlarged into little tubers. Whether these 
would have had the power of produeing two in­
d<'lK'ndellt plants ill tho following summer, wo do not 
know. 

In Quercus virem, according to Dr. Engelmann,· 
both the cotyledons and their petioles are confluent. 
Tho latter grow to II. longth "of nn inch or even 
more;" and, if we understand rightly, penetrate the 
l{l"Ound, 80 that they must be gcotropic. The nutri­
ment "ithin the cotyledons is then quickly tmll8.ferred 
to the hypocotyl or ro.diclc, which thns becomes 
de\'cloped into a fusiform tuber. The fact of 
tubers being formed by the foregoing three widely 
distinct plants, makes us believe that their protection 
from animals at an early ago and whilBt tender, is one 
at least of tho advnntnges gained by the remark ­
able elongation of tho petioles of the ootyledol,ls, 
together with their power of penetrating tbe ground 
like roots under the guidance of geotropism. 

The following cases mny be here given, as they bear 
on our present subject, though 1I0t. relating to seed­
lingtJ. The flower-stem of the parasitic LaOITIM 

lIIJI«Imaria, which is destitute of true leaves, breaks 
through tho ground as nn nrch;t 80 docs the flower-

•• T-...et. 81... Lollis AtM. 
~:yoI.L ... p.I90. 
tThe~lI:"lI(1rlheft(lwe,... 

__ or tho l.athra throu.ghtbo 

!P"OlIoJoanliotrailiobejI:"n!Al]y 
facilit.ted by thent,..,.,rdill~ 
qlllloiityQ(w.terleenllo"'<lr.tlhis 
lJeriodorlbeyee.rbythelubtcr-
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stem of the pamsitic and leaflCSii MoMlropa hypopityB. 
" rith IIelkborll.8 niger, the flower-stems, which rise up 
independently of the leaves, likewise break through 
tho grou nd as arches. 'l'his is also the ease with the 
greatly elongated flower-stems, as well 1\9 with the 
petiolt's of EpimtdiUln pi·nnatum. So it is with the 
petioles of RanuneulUl jicaria, when they ha,·o to break 
through the ground, but when they arise from the 
summit of the bulb ubo¥e ground, they arc from the 
first qllite straight; and this is a fact which deserves 
notice. The rnchis of the bracken fern (Pieris aqui­
lilla). and of some, probably many, other ferns, like­
wise rises above grolUid nnder the fonn of nn arcb. 
No doubt other analogous instances could be found by 
carcful search. In all ordinarycascs of bulbs, rhizomes, 

ranean_le-likolllee..-e.;nolthat 
thcrtlilanYT(lQ,lI(lntOIUppoae 
Ib.t Iholl 1I'e.~tion It a 'jMlelAl 

;:~:~o~ol~~thf~nt~~: 
q ...... tity otMp .'-rhed in Iholl 
CII,ly.pringbythoilpatUitiolll'OOt&. 
Arter . loog periodYithont,t.JI1 
tt.ln,the N,Ih had beromehghl­
ool<.nredand"fryd",but!t .. , .. 

:':~~~~~e:,ntord:m~~:: ~f 
.. t lu.I fix in~hee Btl roundcach 
fl"wcr.f!Wm. 'rh" .... teri.toeertted 
by g:land. (deeoribed b, Cohn, 
'IJ.cnehl.llot.8ect.dcrSchle­
. lteben G_II . .' 1876, p. liS) 
which lin<! the longitudinal 
cbanneb nmniug throu(1h .oeh 
_I&-Hket.oaf. Alt.rgepblllw .. 
dug np, .. Mhed.o ... to rtlDO"" 
the arth, len for lOlI1e tim" to 
drt.in.andthen pl..oodinthe 
"Yenlng on a dry glll"I,lntll, 
oovIIreII .. i~h II be\l.glo .. , llnd by 

r .. ~~ n;;:'''J ;~~::,I ~~t~a~ 
.... wipollddr,. •• udintherourtoll 
pfthe lucceed.ing 7 or 8 liourw 

auotberlittle pool ..... IIOCreted. 
",,,dAfter 16 .. dditlonal hounL 
i!lvelllll .. rge dro~ A omLlller 

I~;:~ ~~::1~~;t~~ 
for an bonr. b~ whleh tIme no 
mOlll wakrd .. ,nlldoft'. Thejar 
w ... then pl--.I n~ht.od 
cloeed:.n.r2:lbountwodnoch_ 
of .. 'eter welll I'OIleck-d from the 
bottom •• nd.Uttlemolllaf'terU 
additional hOILn. The Hower-
8\(o ..... wfronoweutoff,fortbe1 
donoillOCrete •• "dlhelllbter· 
rt.nean ... 'lorlhepIAn\ .. · ... ronnd 
t.o ... eigh 100'8 granl' (lOll 
j!:'raino),.ndthewal6r~ 
duriug 111(1 48 bonn ... eiJl'hfod 
l1-9,n.IIM(IF3pint).-tbet;" 
oo&-mnlh of d,ewho!aweighlol 
tbepl.nt.exe!lIdingthoilflow .. 
ltenu. Wa ,bonld remember t"" 
plon\.llina.taleo(nlltnre .. ·ould 
probably teerote in 48hounL mUC'h 
rnorothantha .. bovelargeLlmount, 
fortheirrootawouldOOlltinueall 

~~:n~~~ ~'ht::i'tte:~::m~ 
.itle. 
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root-stocks, &e., buried beneath the ground, the surft\ct­
is broken by a cone fonned by the yonng imbricated 
I('IWClI, the combined growth of whi~h givC8 them force 
luffieient fo r Ihe purpose. 

With germinating monocotyledonous seeds, of 
,,·hieh, however, we did not observe n large number, 
the IJIII/uules, for instance, thoso of .Asparagus and 
Canua, are straight whilst breaking through the grQlmd. 
With the Gmminete, the sheath-like cotyledons are 
Iike,,-isc straight; they, bowe,'er, terminate in a. sharp 
trest, which is white and somewhat indurated; and this 
Itructure obviously facilitates their emergence from 
the soi l : the first true leaves escape from the Iheath 
through a slit beneath the chisel-like apex and at 
right angles to it. I n the case of the onion (Allitm. 
otpa) we agnin moot with an arch; the lenf-like coty­
ledon being abruptly oowed, when it breaks through 
the grouJld, with the apex still enclolOd within the 
It'e<i-coa.ts. 'I'he crown of the luch, /l.8 pr<l,·iously 
described, is developed into IL white conical pro­
tuberance, which we may safely believe to be a 
tpec!ial adaptation for this office. 

The fact of so many organs of difforent kinds­
bypoootyis and epiootyls, the petioles of some ooty. 
l.,Jous and of some first leaves, the cotyledoll3 of 
the onion, the rachis of lOme ferus, and some f1ower­
awms-boing nil arched whilst they break through 
the ground, shows how just are D r. llaborlnndt's· 
remarks on the importance of the nrch to seedling 
plants. He attributes its chief importnnce to the 
.pper, young, and more tender parts of the hypoootyl 

thougb our oo.en-atiolui lead UJ 
lodilfo!l"ODlOQl8pcoiDt/lfl"QlUllul 
aUIOOr. 



88 lIYPOCOTYLS, El'ICOT1LS, ETC., CIIAP. II. 

or epiootyl, being thus saved from abrasion anti 
pressure whilst breaking through the ground. But 
we think that some importance may bo attributed to 
the increased force gained by the hypocotyl, epicotyl, 
or other organ by being at first arched; for both legs of 
the arch increase in length, and both have points of 
resistance as long IlS the tip remaius enclosed within 
the seed-<:oats; and thus the crown of tho arch is 
pushcu up through the carth with twice IlS much forco 
ItS that which a strnight hypocotyl, &c., could exert . 
• \s soon, however, as the upper end hIlS freed itself, 
all the work has to be done by the basal leg. In 
the case of the epicatyl of tho common beltn, tho 
oosHI leg (the apex haying freed itself from the seed. 
coats) grew upwards with a force sufficient to lift a 
thin plato of zinc, loaded with 12 ounces. 'l'wo morc 
ounces were added, and the 14 OUllces were lifted up 
to a very little height, and then the epicotyl yielded 
and bent to one side. 

With respect to the primary causo of the arching 
process, wo long thought in tho ctlSC of many seedlings 
tht this might be attributed to tho manuer in which 
the hypocotyl or epicotyl was packed and curved 
withil\ the seed-coats; and that tbe arched shape thus 
acquired was merely retained until the parts in question 
reached the surface of the ground. But it is doubtful 
whether this is tho whole of the truth in any case. 
For instance, with the common bean, the epicoty! or 
plnmule is hawed into an arch whilst breaking through 
the seed-coah, I\S shown in }~ig. 59 (p. 92). The 
phlffiule first protrudes as a solid knob (8 iu A), which 
after twcnty.four hours' gro\\1h is seen (e in B) to be 
the crown of an arch. Nevertheless, with several 
bemls which germinated in damp air, and had other­
wise been treated iu an unnatural manner, little 
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plnmul(.>jJ were de\'eloped in the Rxils of the petioles 
of both cotyledons, and tbese were as perfectly arched 
M the nonlllli plumule; yet they bad not been sub­
jected to Any confinement or pressure, for tbo seed· 
coats wero completely ruptured, and they grew in the 
open air. This proves that tbe plumule ba!lalt iunute 
or spontancous tendency to arch itself. 

In somo otber cuses the hypocotyJ or epiootyl pro­
trudes from the seed at first only slightly bowed; but 
the bowing afterwards increases independently of Rny 
oon.lltroint. The arch is thus made narrow, with the 
t1l"0 legs, which are sometimes much elongated, parellel 
Ind close togetber, and thus it OOeomCfl well fitted 
for breaking through the ground. 

With muny kinds of plants, the rediclc, whilst still 
('nclosed within tho sced and likewise after its first Ilro­
tnlsion, lies in n strnight line with tile futuro hypoCQtyl 
anfl II itb the longitudinnl axis of the coty ledons. This 
i.s the ('AgO with Oucurbita (Jln/era; ne1'ertheless, in 
.. baw\w position tbe seeds were buried, the hytXlCOtyl 
a1.l'll.)"s camo lip arched in one pllrticu!ar direction. 
8eros wero plnnted in friable peat at R depth of nbout 
an illeh in A. \'aTtical position, with the end from which 
the radicle protrudes dOllllwil.rds. 'l'here£oro all the 
parts occupied the snme relati\'e positions which 
tbey would ultimately hold after the seedlings had 
ri!ll'tI clear aoo\'e tho surfuce. Notllithstanding this 
fact, the hypocotyl arched itself; and as tbe firch 
grew'llJlwllrds through the pent, the buried seeds were 
tum(',d either upside down, or were laid horiwntally, 
ht!ing afterwards drugged above the ground, Ulti · 
IDately the hypocotyl straightened itself in tho usual 
manner; and now after all these mO\'ements the 
... vl·rol parts occupied the snme position relatiycly to 
ODf' another and to the centre of the earth, which they 

IL-__ -U. The Comolete Work of Charles DarWin Online 



90 lI \'POCOTYLS, };r rCOTYLS, ETC., Cnu. It. 

had done when the seeds were first buried. But it may 
be argued in this and other such CMCS that, as the 
hypocotyl grows up through the soil, the seed will 
alm08t certainly be tilted to one side; and then 
from the resistance which it must off~r during its 
further elevation, the upper part of the hypocotyl will 
be doubled down and thus become arched. 'fhis "iew 
seems the more probable, because with Ranu1iculuB 
ficari<l only tho petioles of the ica"es which forced 
a passage through the earth were arched; and not 
those which arose from the summits of the bulbs abo"e 
the ground. Ke,'erthelcss, this explanation does not 
apply to the Cucurbita, for when germinating seeds 
were suspended ill (l!\mp air in Vltrious positions by 
pius pnssing through the cotyledons, fixed to the 
iIl!lido of the lids of jars, in which CMO tho hypo­
cotyls were not subjected to any friction or constraint, 
yet the upper part became sJXlntanoously arched. 
This fact, moroo"er, proves that it is not the weight 
of the cotyledolls which cau$CS the arching. Seeds 
of IIelianthus annuus and of two species of Ipomooa 
(th080 of 1. bona n«e being for the genus large 
and heavy) wero pinued in the sumo manner, 
and tho hypocotyls became sJXlntancously arched; 
the radicles, which had been "ortically dependent, 
assumed ill consequence a horizontal JXlsition. I n 
the case of lpomaa leplophylla it is the petioles of the 
cotyledons which become arched whilst rising through 
the ground; CLnd this occurred spontaneously when 
the seeds were fixed to the lids of jars. 

It may, howe\'er, 00 suggested with some degree of 
probability that the arching was aboriginally caused 
by mechanical compulsion, owing to the confinement 
of the parts ill question within the sood'coats, or to 
friction whilst they were being dragged upwards. But 
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if this is 80, we must admit from the cases just gil'en, 
that a tendency in the upper part of the several 
lipecified orgaus to bend downwards and thus to be­
come arched, has now becomo with many plunts firmly 
inherited. The arching, to whatever cause it may be 
due, is the result of modified circumnutation, through 
increased growth along the convex side of the l)art; 
luch growth being only temporary, for the part always 
Itraightens itself subsequently by iucreased gro1\lh 
along the concave side, 118 will hereafter be described. 

It is Il. curious filct that the hypocotyls of lOme 
piau is, which aoo but little developed and which 
nner raise their cotyledons aoove the ground, never­
theless inherit a slight tendency to arch thems(1IYes, 
although tbis movement is not of tho least uso to 
thpm. Wo refer to a mOI'ement obscrw!d by Sa.chs 
in the hypocotyls of the bean 0.1\(1 some other Legullli­
IlQSre, all(lwhich is shown in the accomjlanying figure 
(Fig. 59), copied from his Essay.- The hypoootyl 
an,l radicle at first grow perpelldicularly dowllwards, 
&I> at A., and then bend, often in the courso of 2·1 hours, 
into the position shown ut B. As we shall iJ(!re- , 
afll'r oftell have to recur to this mOI'ement, we will, for 
h",,-iiy sake, call it "Sachs' cunature." At first sight 
it might be thought that the alteM position of the 
rarlicle in B was whol1y duo to tho outgrowth of the 
epiootyl (,), the petiole (P) sen-ing as a hinge; and 
it is probable that this is partly the causo; but the 
hnlOCotyl and upper part of the radicle themselves 
bt>come slightly curved. 

The abol'e mm"cmcllt in the bean was repeatedly 
~n by us; but our obsen'ations were made chiefly on 
Pha.eolu. tIIUUijlorlU, the cotyledons of wbich are like-

• 'lubeltellde.bollnotiLWilnburg,'yoI.L 187S,p.fOS. 
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wise hypogeall. Some soodlings with well-developed 
radicles wcre first immersed in a solution of perman­
ganate of potassium; and, judging from the changes 
of colour (though these were not very clearly defined). 
the hypocotyl is about '3 inch in length. Straight, 
thin, black lines of this length were now drawn from 
the bases of the short petioles along tho hypocotyls 

of 23 germinating sceds. which were pinned to the 
lids of jars. generally with the hilum downwards. and 
with their radicics pointing to the centre of the 
earth. After an interml of from 24 to 48 hours the 
black lines on the hYlXlCOtyls of 16 out of the 23 
seedlings became distinctly curved, but in very 
various degrees (namely, with radii between 20 and 

W rk rwn nli 
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80 mm. on &u"bs' cyclometer) in the SlImc reitttive 
,1in."Ction as shown at B in }'ig. 59. As geotropism 
will ob\'iously tcnd to check this cun'ature, 8Cven 
..eeds were III lowed 10 germinltio " ith proper pre­
Cilutions for their growth in a klillostat,- by "hieh 
means geotropism WIUI eliminated. 'l'he position of the 
hypocotyls was observed during four successive days, 
lind they eontinued to bend towards t he hilulll Bud 
lowcr surface of tho seed. On tho fourth day they 
were deflectcd by fill avcmgfl anglo of 63" from a line 
perpend icular to the lower surface, and lIere therefore 
coll!iderll.bly more curved than tho hypocotyl and 
r.ldicle ill t ho bean Ilt B (Fig. 59), though in the same 
relatiro directiou. 

It will, wo presu me, be admitted t1Ult nil leguminous 
pllt.nts with hypogenn cotylcdons are dest:cllded from 
fonus which once mised thcir cotyledons llho"o tho 
ground in tho ordinary lIlallHCf; and in doing so, it is 
certain that their hypocotyls would have been abruptly 
arched, lIS in the Cl\8O of every other dicotyledonous 
Illant. 'Ihis is espccial1y clear in thu case of Phaseolus, 
for out of fh'o species, the seedlings of which \\0 

o~r\'(:d, numely, P. 11IulliflorllB, caraccdla, 1Jul{)(lrilf, 
HenvlllcUlfii nlHl Ro:Wurg7lii (illhubilllnta of the Ohl 
.. ud Ncw Worlds), tho three last-named species haye 
well-de\-eloped hypocotyls which brenk through the 
gfUunu as nrches. NolV, if we imagine a seedling of 
the oommon bean or of P. 11Iultijorl.UJ, to behan:~ iI'J its 
progeniturs once did, tho hypocoty l (Ii, Fig. 59), in 
.-hatcH!r position the seed may ha\'o been buried. 
Multi becume 80 Illuch arched thnt the upper part 
1I 0liM be dOllblC<l down llil. rll.llcl to the lower pnrt j and 

• ,\ 11 instrument do",illed by onwhlchtheplll.ntnn,le.ol_ ..... _ 
I"oc!.1I, oc",.i,ling e.lICnll~lIy to{ • I;on ,. IIUj)"",k<!: _. WUnburg 
.Iu .. lr Rcfol<ing Ilorh.onllill ui.. ArbehCII,' 1S7(),1).2O'J. 
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this is exactly the kind of curnl.ture whieh actually 
occurs in these two plallts, though to a much less 
degree. Thereforo we can hardly doubt that their 
short hypocotyls hal'O retnincd by inheritance Il. tell­
dency to cune themselves in the SlIme manner as they 
did at a. former period, when this 1ll0\'('mcnt was highly 
important to them for breaking through the ground, 
though now rendered useless by the cotyledons being 
hypogean. Ru(limcntary structures are in Illost cases 
highly variable, and welllight expect that rudimentnry 
or obsolete actions would be eqlmlly so; and &ehs' 
Cllrl'ature nLries extremely in amount, and sometimcs 
altogether fails. 'l'his is the sole instance known to 
us of the inileritancc, though in 1\ feeble degree, of 
mOl'ements which have beeome superfluous from 
changes which the species has undergone. 

Budimelltary Cotyledons.-A few relllarks on this 
subject may be hero interpolated. It is weU known or' "·· .. ·1' :1~:~u~:~~."d~:r..I:.; only a single cotyle. 

lL ( ). dOli; foriusianee,cer. 
tain spc<·ies of RanlLlI' 
CllluB, Corydalis, Chm, 

r rophyllulll; and we 
r 11 ill here endeavour to 

show that the loss of 
A. one or both cotyle-

n. dOlls is apparently due 

C~·:~i!~~~£~7~1r.;!~ ~cnat ~~~~ I~d ~:~~~ 
~~a\::~!)i=:!~. italil! mhed, in B it ~:leh;tl~r;r~r~:: 

of the two cotyledons, or one of the seeondary radicles. 
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With the oronge (Oi/ru. allTalllium) the cotyledons are 
hypogean, and one is larger than the other, AS may 
be ~n in A (Fig. 60). In B the inequAlity is mther 
greater, and the stom has grown ootween the points 
of insertion of the two petioles, 80 that they do IIOt 

stand opposito to olle another; in another caso the 
scparotioll amounted to one-fifth of all inch. 'fhe 
slllilller cotylooon of 0110 seedling 
IIIlS extremely thi n, and not half 
the Icngth of the larger one, 80 tbat 
it was clcarly becoming rudimen­
tary.- I n all these seedlings the 
h~'IMXlOtyl was enlarged or swollen. 

With Abrollia umbellata ono of 
the cotyledons is quite rudimcn­
loary, as may 00 seen (c') in }~ig, 61. 
III tbis specimen it consisted of IL 
little green flap, nth inch in 
lo'ngth, destittlw of n petiole and 
NWCred with glands like those on 
tho' fllily dm'eloped ootyledoll (e), 

Fig. 61. 

.\ t first it stood opposito to the A~~,1UItht'1<>t,,:~. 

~7~~: ~!i::;loi:~= \:e kl~~~ ;:;~!~:;:;£:;~ 
lind grew in the same lino. with ~ilth~eel ~I;':;~: 
tho hypocotyJ (h), the rudullent tian ('.') at the lowtr 
appeared in older seedlillgs as if eM; r, ~id •• 

It'8ted some way down the hYJ>OCOtyl. With Abronia 
Clrtnaria there is a sim ilar rudiment, which in ono 

~~ P~IMr.)tt7' ~~.!t 
(' J ... m,l l,jlLll. Soc. l JoL.' \"ol 
:uii. 18i8, 1).147), one of the 

~'tze~W:~~:'I~e:' uof~i 
..,.1 WIOO r,luoll'; the Ilfoir 00 not 
1I",.ltaDdoppo&ite.lnan(llher 

and yerydill'l!r('Ilt .. ter-pb.nt. 
7'mpll .. 01".."olleoftbeaoty. 
do" .. HUed ",Ilh r,rlnaoeollJl 
mntwr, l.!.mueh l .. rgerth'lI tho 
m.her. whIch It ""al'OOiy 'I'i,ible, 

~~~br~.~~~ :?'~:~~: 
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specimen was only ohrth and in another ~th inch in 
length; it ultimately appeared as if seated hll.!fway 
down the hypoootyi. In both these species the hypo­
cotyl is 80 much enlllfged, especinlly at a "cry early 
uge, that it might almost be caUe<1 a corm. The lower 
end forms 0. heel or projection, tho use of which will 
hereafter be described. 

I n Oyclamen Per$iclw~ the hypocotyI, even whil5lt stil l 
\I ithin the seed, is enlarged into a regular conn,· and 
only a single cotyledon is at first de\'eloped (see former 
:Fig.57.) With lumuncullUficlU'l'a two cotyledons are 
never produced, and hereoue of the sceondary radieles 
is developed at all early age into a so-ealled bulb.t 
_\gaill, l.'Crtain species of ChrerophyLium and Corydll.lis 
produce ollly a single cot)ledoll;~ in the former the 
bypowtyl, and in the latter the radicle is enlarged, 
i\ccordillg to Irmisch, into a bulb, 

In the scvcn\1 foregoing cases one of tho cotyledolls 
is delayed in its development, or reduced in size, or 
TCllclere<1 rudimentary, or quite aborted; but in other 
Cll8CS both cotyledolls are reprcscntcU by mere rudi· 
ments. With Opuntia basilari. this is not the case, 
for both cotyledons are thick and large, and the 
hypocotyl shows at first no signs of elliargement; but 
afterwll.rds, when the cotyledons ha\'e withered and dis­
ruticulated themselves, it becomes thickened, and from 
its tar.cring form, together ,lith its smooth, tough, 
brown skin, appcnrs, when ultimately drawn down to 
SOUlB dCllth into the soil, like u root. On the other 

• Dr. II. Greuller,'llot- 7..ei­
IUIIg.'187i,p.8'l4. 

t Irmi~b, 'lIfil'age IUl MOl­
pbolOjfie der Plbuweu; IIIM,pp. 
IL, 12; ·Uot. Zdt"ng.' 18H, p. 
80.~. 

: Ddpino, 'Rh·L!ia lloIaD'ea.' 
18.7, p. :!I. It i. e~ide!ll (rom 

Vaneher •• e«mnt ('}Iii].. Phl' 
de.J>laou.d'E"tojM'.'lom i.1S-Il. 
p, H9)ur Ihegt'rmiDAtionof the = ~:e~b:t~l:e:: t~be':.?~ 
be!riWlIo!>e rnnDe<! at ana· 
tr\lwelyearly-se. 
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hand, "ith 8(l\'crnl other Cactere, the hypocotyl is from 
the first much enlarged, and both cotyledons are 
alnu)St or quite mdimentary. fI'bus with (knu, Land­
Wii two little trillugular projections, representing the 
cotyledons, are narrower than the hypocotyl, which is 
poor-shaped, with the point downwards. 1n Bhipsali, 
fltJ#ytha the coty ledons are represented by more points 
on the enlnrgod hypocotyl. In Ecld1lOO<.lctuJI viridetlCell8 
the hypoCOlyl is globular, with two little prominences 
on illl summit. In Pilooereu, HfllJletii tho hypocotyl, 
mueh swollen in the upper part, is merely notched on 
the summit; and ooch side of the notch evidently repre­
IeIlts a cotyledon. Stapelia larpedon, a member of the 
ftry distinct family of the Asclepiudero, is lIeshy like 
.. cactus; and hero again the upper part of the flattened 
bypocotyl is much thickened and bears t\\·o mi nute coty­
ledons, which, measured internally, wero only '15 inch 
in length, atld in breadth not equal to ono-fourth of the 
diameter of the hYl}OC()tyl in its narrow /Lx is; yet these 
minuie cotyk><lollil are probably not quite useless, for 
wben the hypocotyl breaks through tho ground in the 
form of an arch, they are closed or presaed I'gainst one 
another, and thus protect the plumule. 'l'hcy after-
1IUdB open. 

Froro the severo! CMeS now gi ven, whieh refer to 
widely distinct plnnts, we may infer that thcre is some 
close connection ootween the reduced sizo of one or 
both cotyledons IIlld the formation, oy the enlargement 
Glthe hypocotyl or of tho radicle, of l' so-called bulb. 
But it may be asked, did the cotyledons first tend to 
almt, or did a. bulb first begin to be formed? As 
.u dieotylodous natumlly produce two well-de,'clopet! 
eo&yk'(ioIlS, whilst the tlUckness of the h ypoootyl and 
tithe radiclo difTers much in different plru\ls, it seems 
,.oo.ble that th(:sc latter organs first oocamo from 

n 
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some causo thickened-in so,-eral instances apparently 
in conc1ation with the fleshy nature of the mature 
plant-90 as to contain a store of nutriment sufficient 
for the seedling, and then that on~ or both cotyledons, 
from hcing superfluous, decreased in size. It. is not 
surprising that one cotyledon alone should sometimes 
ha"e been thus affected, for with certain IllaDts, for 
instance the cabbage, the cotyledons aro at first of 
unequal size, owing apparently to the mallllcr in which 
they are packed within the seed. It does not, how­
ever, follow from the aoo'-e conllection, that ""hene,·er 
a bulb is formed at an early age, one or ooth coty­
ledons will necessarily become superfluous, and conse­
quently more or l~ rudimentary. Finally, these 
eases ofTer a good illustration of the principle of com­
pensation or balancement of growth, or, as Goethe 
cxpreSlies it, "in order to spend on one aidc, Nature 
is forced to (!CQnOIlli.ac on the other side." 

Oircumnvtation and oJ.her mot:tmenl, oj Hypo«>tyu 
and Epicoiyls, "Milt .tiU areMd and buried beneath 
the !fround, alld u·lu7st breaking through it.-According 
to tho position in which a seed may chance to 
have boon buried, the arched hypocotyl or epicotyl 
will begin to protrude in a horizontal, a more or 
less inclined, or in a vertical plane. Except" hen 
already standing ,-ertically upwards, both legs of the 
arch are acted on from the earliest period by apo­
geotropism. Consequently they both bend upwarda, 
until the arch becomes ,-ertical. During the whole of 
this Ilrocess, e,'en before the arch bM broken through 
the ground, it is continually trying to circumnutate 
to a slight extent; as it likewise does if it happens at 
first to stand vertically up,-all which ei18C8 have 
been observed and described, more or less fully, ill 
the lust chapter. Afwr the arch has grown to some 
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height upwo.rdA, the basal part ceases to ci.rcumnutate, 
whilst the upper part continues to do 80. 

That an arched hypocotyl or epicotyl, with the two 
legs fixed in the ground, should be able to eir· 
cumnutate, soomed to us, until wo had read Prot 
Wiesner's observatioIUl, an inexplicable ftI.Ct. fle has 
shown· in the case of certain seedlings, whose tips 
are bent downwards (or which nutate), that whilst thE' 
posterior side of the upper or dependent portion grows 
quickes~ the anterior and opposite side of the basal 
portion of the same internode grows quickest; thest' 
two portions being separated by an indifferent zone, 
where the growth is equal on all sides. There rna)' 
Cl"eD be more than ODe indifferent zone in the same 
internode; and the opposite sides of the parts above 
snd below each such zone grow quickest. 1'hi9 pecu­
liar manner of growth is called by Wiesner" UII­

dulatory nutatiOIl," Circumnutation depends 011 one 
side of all orgall growing quickest (probably preceded 
by increased turgescence), and then another side, 
generally almOElt the opposite one, growing quickest. 
Now if we look at an arch like this n and suppose 
the whole of one side-we will say the whole convex 
sido of both legs-to increase in IOllgth, this would 
not cause the arch to bend to either side. But if the 
outer side or surface of tho left leg were to increase 
in length the arch would be pushed o\'er to the right, 
and this would be aided by the inner side of the 
right leg increasing in length, If aftcnl'o.rds the 
proceu were reverscd., the arch would be pushed over 
to the opposite or left side, and 80 on alternately,­
that is, it would circumnutate, As au arched hypo-

• 'Die unduHl1et..:le Nutatiou Allo publWled .eparately. IKO 
del' Iulemodlen,' .Akud. dn IV... P. S"l. 
-'- (Vitllua), Jan.17tb,ISiS. 
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('ot.yl, with the two legs fixed in the ground, certainly 
circuffinutates, and as it consists of a single internode, 
we llllly conclude that it. grows in the manner de­
!>cribed by Wiesner. It may be added, that the crown 
of the arch does not grow, or grows ycry slowly, for 
it does not increase much in breadth, whilst the arch 
itself incl<'ases greatly in hcight. 

'L'he circumnutatillg 1IIovements of arched hypo­
(,otyls and epicotyls Cilll hardly fail to aid them in 
breaking through the ground, if this be damp and 
soft; though no doubt tlleir emergence depends 
mainly on the force exerted by tlleir longitudinal 
growth. A.lthough the arch circulllnutatcs only to a 
slight extent and probably with little force, yet it is 
able to mo\·e the soil near the surface, though it may 
not be able to do so at a. moderate depth. A pot with 
seeds of Solanum palinacanthum.. the tall arched hypo­
cotyls of which bad emcrged and were growing rather 
slowly, WM covered with fine a.rgillaccous sand kept 
flamp, and this at first closely surrounded the bases of 
the arches; but soon a narrow open crack WI\8 formed 
round each of them, wbich could be accounted for 
only by their having pushed away the sand on all 
sides; for no such cracks surrounded some little sticks 
and pins which had been dri\'en into the sand. It 
has already been stated that the cotyledons of Phaluris 
and Avella, the plumules of Asparagus and the hypo­
eotyls of Brassica, were likewise able to displace tho 
sa.me kind of sand, either whilst simply circumnu­
tating or whilst bending t.owards a lo.temllight. 

As long as an arched hypocotyl or opicotyl remains 
buried beneath the ground, the two legs cannot sopa­
moo from one another, except to a slight extent from 
the yielding of the soil; but as soon as the arch 
riscs above the ground, or at an earlier period if 
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the prt'!\Sure of the surrounding carth 00 artificially 
tcmo\'oo, the arcb immediately begins to straightell 
iiilelf. 'l'hill no doubt ill due to groll·th along the 
w:/wle inlier surfnee of both legs of the aroh; such 
f.!rowth being cheeked or prevented,l\8long lUI the two 
legs of the arch are firmly pressed together. When the 
earth is removed nil round an nrc.1I lmd the two legs 
are tied together at their bascs, the growth 011 the 
under side of tho crown causes it after a timo to 
OC'(!QIllO much flatter and broader than naturally 
O("('Uts, '1'he straightening I)OOCCfJ!l consists of a mo­
dified form of circnmnntation, for the lines described 
during this process (1\8 with the hypocoty l of Bmssica, 
and the epicoty ls of Vicia and Corylus) were often 
plainly zigzag and sometimes looped, After hypo­
cotyls or epiootyls ha,-e emerged from the ground, 
tbey quickly become perfectly straight.. No tmee is 
left of their former nbrupt eurn1tnre, excepting in the 
ease of Allium cepa, in which the cotyledon rarely 
beoomes quito straight, owing to tho protuberance 
developed on the crown of the arch. 

The inerclUK.«1 growth along the illner surface of the 
ueh wlii{'h renders it straight, aplmrently begins ill 
the basal leg or that which is united to tho radicle; 
for this leg, 1\8 wo often observed, is first bowL "(I back. 
nrds frum tho other leg. This movement facilitates 
the \l'ithdrll.\ml of tho tip of the epicotyl or of the 
ootylodons, lUI the caso may be, from within tho Beed ­
coata and from the ground. 13ut the cotyledolLll often 
emerge from the gronnd still t ightly cnclosed with in 
the sood-coats, which apparently sen·o to protcct them. 
The seed-coats are afterwards ruptured and cast otT by 
&he 'welling of tho clogely conjoined cotyledons, and Ilot 
by any movement or their separation from ono another. 

Nen!rtheless, ill some few cases, especially with the 
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Cucurbitacere, the seed-coats nre ruptured by a curious 
contril-suC(!, described by M. }~Iabsu l t.· A heel or 
peg is denlloped on one side of the summit of the 
radicle or base of the hypoootyl ; and Olis holds down 
the lower half of the secd--eoots (the nulicle being 
fixed into the ground) whilst the continued growth of 

the arched hypocotyl forces up-
rig. 62. wards the upper half, and tears 

~ 
asunder the sood-coats at one end, 
and the cotyledons are then easily 
withdrawn. 'l'be accompanying 
figure (Fig. 62) will render this 
description intelligible. Forty-
one seeds of Oucurbt'la om/era 
were laid on friable peat and were 
covered by a layer about an incb 
ill thickne8S, not much pressed 
down, so tbnt the cotyledons in 
being dragged up were subjected 
to very little uietion, yet forty of 

~.::{':h;"i~~n;~ ::: ~:; I~X ~~:t:'int~~e =~~ 
~"~~~£~~6~; !~~h:as~;~!~l;\.~~~~tt~:~: 
;:i;:I:~:~~~ ::n!: ::11 ac;:;'~~l~ OO!~ed:: 
~;~:;.\~ .. fthureb6d lifted up still enclosod in their 

sood-coata. fl'hey were, howe,cr, 
Clut off in the course of two or three days by the 
~weJling of the cotyledons. Until this occurs light is 
excluded, and the cotyledolls cuunot dooompose cur­
bonic acid; but no ono probably would have thought 
that the advantage thus gained by a little curlier cast.-

•• DIiU. Soe. Dot. de J,'ruoe; tom. :uif. 1m. p. 201. 
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ing oft'" of the seed-coots would be sufficient to account 
tor the development of the peg. Yet, aceording to 
H. Flalumlt, seedli ngs which have been prevented 
from casting their seed-eoats whilst beneath the 
ground, are inferior to those which have emerged with 
their cotyledons naked and ready to act. 

The peg is developed with extraordinary rapidity; 
ior it could only just be distinguishod in two sood­
lings, having radicles '35 inch in length, but after an 
interval of only 24 hours was well developed in 
both. It is formed, a.coording to Flahault, by the 
enlargement of the layers of the cortical parenchyma 
" the lmo of the hypocotyl. It, however, we judge 
by the effects of a solution of permanganate of 
pot.Msium, it is developed on the exact line of 
junction between the hypocotyl and radicle; for 
the flat lower surfooe, as well as the edges, were 
coloured brown like the rndicle; whilst the upper 
dightly inclined surface was left uncoloured like the 
hypoootyl, exoopting indeed in one out of 33 im­
mersed seedlings in which a large parlof the upper sur­
taoe was coloured brown. Secondary roots sometimes 
'Pring from the lower surface of the peg. which thus 
teems in all respects to partake or the nature of the 
radicle. The peg is always developed on the side which 
becomes concave by the arching of the hypocotyJ; 
and it would be of no sen-ice if it were fanned on any 
other side. It is also always developed with tho flat 
lower side, wh ich, as just stated, forms £l. part of the 
radicle, at right angles to it, and in a horizontal plane. 
Thia fact Vt'QS clearly shown by burying some of the 
thin flat soods in the same position QS in Fig. 62, 
uoepting that they were not laid on their flat broad 
lidel, but with one edge downwards. Nine seeds 
1JCre thus planted, and the peg WQS dc,'c!opcd in the 
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same position, reliLti,'ely to the radicle, as in the 
figure; consequently it did not rest on the flat tip 
of the lower half of the seed-coats, but \I'M inserted 
like a wedge between the two tips. As the arched 
hypocotyl grew upwards it tended to drow up the 
whole seed, and tho peg necessarily rubbed against 
both tips, but did not hold either down. 'rhe result 
WM, that the cotyledons of five out of the nine seeds 
thus placed were raised aoo"e the ground still enclosed 
within their seed-coats. Four seeds were buried with 
the end /'rom which the radicle protrudes pointing 
,·ertica.lly downwards, and owing to the peg being 
always developed in the same position, its apex alone 
eillile into conta.ct with, and rubbed against the tip on 
one side; the resI1it was, that the cotyledons of all 
four emerged stil l within their seed-conts. 'l'hese cases 
show us how the peg acts in eo-ordination with the 
l)OSition which tbe flat, thin, broad seeds would almost 
il.lwnys occupy when naturally sown. \Vhen the tip 
of the lower half of the seed-coats was cut off, Flahault 
found (as we did likewise) that the peg could not act, 
since it had notilillg to press on, and the cotyledons 
were raised above the ground with their seed-coats !lot 
cast otT. Lastiy, natllfo shows us the use of the peg; 
for ill the one Cucurbita.coous genus known to 1lS, in 
which the cotyledons are hypogean and do not cast 
their sood-coats, namely, MeglUrhiza, there is no 
vestige of a peg. 'I'his structure seems to be present 
in most of theothcr genera ill the family, judging from 
Flahault's statements; we found it well-developed and 
properly acting in 'l'richosantlles a1lguina, in wbich we 
bardly expected to find it, as tbe cotyledons are some­
what thick alld fleshy. :Few cases can be advanced 
of a structure better adapted for n special purpose 
than the present one. 
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With lIfimOllQ. pudica. the radicle protrudes from a 
small hole in the sharp edge of the seW; and all i t"! 
summit, ",hero muted with the hypocotyl, 0. trilll8\'~rsf: 
ridge is d(:\'~lopOO at an early age, \\hich clearly aids 
in splitting tho tough seed-coots; but it docs not aid 
ill casling them off, as this is subsequently effected by 
the s'l(:lIing of the cotyledOlls after they hove been 
raised Iloove tho ground . '1'he ridge or heel thcrefore 
acts rather differently from that of Cucurbita. Its 
lowcr surface and the edges were coloured brown by 
the permangautl.te vf potassimn, but IlOt the upper 
InritlC('. It is a singular fact that after the ridge has 
done its "" ork and has escu.ped from the sccd-coo.ts, 
it is del'cloped into a frill all ronnd tho summit of the 
radicle.-

At tho 00se of the enlarged hypocotyl of .Am-Quia 
"mbellata, where it blonds into the md iele, there is a 
proje<>iion or heel which mries in shape, but its out· 
uneis too angu lar in our former figure (Fig. (il), 'rhe 
radicle first protrudes from II small hole at one end of 
the tough, leathery, winged fruit. At this period the 
IIJlpcr part of tho radicle is packcd within tho fruit 
parallcl 10 the hypocotyl, and the single cotyledon is 
doubled back paraliel to the lattcr. 'l'he IIwelling or 
theae th ree l)/l rtll, and especially the rapid del'clopment 
of the thick heel between the hypoootyl and radicle 
" the point where they are doubled, ruptures the 
Iongh fruit at the lIpper end a nd 11110\\"11 the archod 
bypocotyl to emerge j Imd this SC<lIll B to be the function 
or the heel. A seed lI'as cut out of the fruit and 

• On, . t tention "",c;,lled to ntlbejunctil)"ot IMmdie1eand 
lhill'lleby.bti"r ..... tcmmtby hyporotyI.TIu •• N'd~. 
!Ii ....... in hi. 'Haud],tI~h de. 'ery hard and tou,;l, _I.. and 
~kDudc,'I876.p,21!i, .. h".., .. -ouldbelikehlo~ui..,aidln 
a8~,eu.alao"i,enota-:Jling bUn;;ling and tr«ing lbe ClO.ly~ 
"lIartynla wilh a h~-el or ridge don.o. 
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allowed to genninaoo in damp air, and now a thin 
flat disc was developed all round the base of the 
hypocotyl and grew to an extraordinary breadth, like 
the frill described undcr Mimosa, but90mcwhll.t broader. 
lnahault says that with Mimbilis, a member of tho 
same family with Abronia, a heel or ool1ar is developed 
all round the base of the hypocotyl, hut more on one 
side than on the other; and that it frees the coty­
ledons from their sood-coats. We obscn'ed only old 
seeds, and thcse were ruptured by the absorption or . 
moisture, independently of any aid from the heel and 
before the protrusion of the radicle j hut it does not 
follow from our experience that fresh and tongh fruits 
would behave in a like manner. 

In concluding this section of the present chapt<lr it 
lllay be convenient to summarise, under the form of an 
illustration, the usual movements of the hypoootyis 
and epicotyls of seedl ings, whilst breaking through the 
ground and imme<iiat<llyafterwards. We lIIay suppose 
a lll11n to be thrown down on his hands and l.:nees, and 
at the same time to one side, by a load of hay falling 
on him. He would first endeavour to get his a.rched 
back upright, wriggling at the 8tl.llle timo in all 
directions to free himself a little from the surrounding 
pressure; and this may represcnt tho combined effects 
of apogootropism and cireumnutation, when a seed is 80 

buried that the arched hypocotyl or opicotyl protrudca 
at first in a horizontal or inclined plane. The ID.8n. 
still wriggling, would then raise his arehed back 81 
high as ho could j and this may represent the growth 
and continued circumnutatiOll of an arched hypocotyl 
or epicotyl, before it hIlS reached tho surface of the 
ground. As SOOll as the man felt himself at all free, he 
would raise the ullpor part of bis body, whilst still on 
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his knece and still wriggling; and this may represent 
the bowing b6ckwaros of the bruW leg of the arch, 
which in most cases aids in the ";thdmwa! of the 
ootyledolls from the buried and ruptured BOOd-coots, 
and the 8ubsequent straightening of tho whole hypo­
ootyl or epicotyl.....-eircumnutation still continuing. 

Oircumnutalitm. oj Hypooo/ylB and b"picotyls, wlien 
tNd.-'rho hypoootyls, epicotyls, and first shoots of the 
many seedlings observed by us, after they had become 
straight and erect, circumnumtt.'tl continuously. 'fhe 
di\'el'1lifiod figures described by them, often during two 
successive days, have been showu iu the woodcuts in 
the last chapter. It should be recollected tbat the 
dots were joined by stmight lines, 80 that the figures 
are angular; but if the observatious had been made 
every few minutes the lines would have been more 
or less curvilinear, and irregular ellipscs or ovals, or 
perhaps occasionally circles, would have been formed. 
Tho direction of the longer axes of the ellipses made 
during tho same day or on successive days gellerolly 
changed completely, 80 as to stand at right augles to 
one another. The number of irregnlar ellipses or 
circles made within a given time differs much with 
different species. 'l'hus with Braui«J. oUn-aCM, Oerinlhe 
Major, and Oucurbita oviJera about four such figures 
were completed in 12 h. ; whereas with Solanum palina­
canlhum o.nd Opunlia baBilaris, scarcely more than one. 
Tho figures likewise differ greatly in size: thus they 
~'ere vcrysmall and in 80medegree doubtful iu Stapeliu, 
and large ill Brassica, &0. The ellipscs described by 
LdAyruJ niuolia and Brassica were narrow, whilst 
thOle made by the Oak wore brood. The figures are 
often complicated by small loops and zigzag lines. 

As most seedling plants before the deveiQl)ment 
of true leaves are of low, sometimes very low stature, 
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the extreme amount of movement from side to side 
of their circumnlltating stems was small; that of 
tho llypocotyl of Guhago segelum was about '2 of flll 

inch, Hnd that of Cu()urbita ovifera about '28. A 
very young shoot of Latliyru8 ni380lia moved about 
'14-, that of an American Ol.\k '2, that of the COllllllon 
nut only '04, and a rathcr tall shoot of the Asparagus 
'11 of an inch. The extremo fLmollUt of mO\'emcnt 
of the shcath-liko ootyledon of PhalariB CanarienMs 
was'3 of fLU illCh; hut it did not moye very quickly, 
the tip cros~ing on one occasion five diyisiolls of the 
micrometcr, that is, ,-hth of an inch, in 22 m. 5 s. A 
seedling Kolana pl'OlItrata trayelled the same distance 
in 10 m. 38 s. Boodling cabbages circumutated much 
more quickly, for the tip of a ootyledoll crossed 
rln,th of an inch on tho micrometer in 3 m. 20 s.; and 
this rapid movement, accompanied by incessant oscil­
lations, WllS a wonderful spectacle when beheld under 
ti,e microscope. 

The absence of light, for at least a day, does not 
interfere in tho leftSt with the circUlllnutation of the 
hypocotyls, epicotyls, or young shoots of the various 
diootyledonous seedlings observed by us; nor with that 
of tho young shoots of some monocotyledons. 'l 'he 
circulllnutation WM indeed much Illaiuer in darkness 
than in light, for if the light WIIS at all laterol the 
stem bent towards it iu a more or less zigzag eounle. 

Finally, the hypoootyls of many seedlings are drawn 
during the winter into the ground, or e,"en beneath it 
so that they disappear. This remarkable process, 
which apparently serves for their protection, has 
been fully deseribed by De Vries.- lIe shows that 
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it is efi"l-'('t<.-d by the contraction of the parenchyma­
cdls of tho root. But the hypocotyl it::IClf in some 
(!8$.'S ('lIntracts greatly, aod although Ilt first smooth 
bt·~.nlt'd covcrcd with zigutg ridges, Il$ lIe observed 
~ith Gitllago 8egetum. How much of the dmwing 
down lUI\! lmryiug of the hypocotyl of Opulllia basilaria 
.'1\8 due to the con traction of this P,lI't and how much 
to that of the radicle, we did not oloscr\'c. 

Cir~llmliutation of COfy!edons.- With all the dico­
tykoJollous scet.llings described in the lnst ehnpter, the 
c"tyledolls were in COllstallt lllO,'cmcnt, chief! y in fI n:r­
tiC>l1 plane, and comlllonly onoo up ami once down in 
th., eo,uf'lRlof the 2-1 houl'Jl. But there were many exeep­
ti"IlJl to such simplicity of movement; thus the cotyle­
dons of lpombJa CB!Tult!(J. mMed 13 times {'ither upwards 
or uull'l\wtl.rds in the course of 16 h. 18 m. Those of 
Oz,alia rosel' Illol-ed ill the smile mnnner 7 ti Illes ill the 
l'UUI'liC of 24 h.; und those of Oauia tora described 5 
irregular ellipses ill 9 h. '1'ho cotyledons of some 
indh'itlutl.ls of Mimosa pudica and of Lotlll JacobIeu3 
mO'f(.'tl only once up and down in 21 h., \\hilst those of 
utlh'l"!! pt'rfonnoo within the ilBlllO period an ad(litional 
8nu,U oo;cillatioll, 'l'lms with different species, alld 
with difi"l'rent individuals of the same spt'Cies, there 
w,'re many gradations from a single diurnal mOl'Co 

mont to oscillatiolls as complex as those of the 
Jpomrot\ and Cassia. 'l'he opposite cotyledons on the 
",me seedling move to a certain extent indepeudently 
"f olle 8nother. '1'his Wag conspicuous with thow of 
Oz<,[iI lI!1Isitit'«, in which ono (;otyledoll might 00 
let'n during the daytime rising up until it stood 
l'ertiC'Blly, whilst the opposite one lIas sinking do\\n. 

Although the mo"ements of cotyledons were gene­
ra1ly in nearly the same yerticul pl!me, ye~ their 
Upllllnl and dowhward courses neyer eXlletly coin-
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cided; 80 that cUip8CII, more or less nnrrow, were 
described, and tho cotyledons may safely be snid to 
have cireumllutntod. Nor could this f!~t be accounted 
for by the mere inere880 in length of the cotyledons 
through growth, for this by itself would not induce 
any lateml movement. That there was lateral move­
ment in some instances, as with the cotyledons of the 
cabooge, was evident; for these, besides moving up 
and down, changed their course from right to left 12 
times in 14 h. 15 m. With Solanum lycopet"sWum the 
cotyledons, after faUing in the forenoon, zigzagged 
from side to side between 12 and 4. P.M., and then 
commenced rising. The cotyledons of Lupintu lutelu 
are so thick (about '08 of an incn) and f1C1!.hy: that 
they seemed little likely to move, and were there­
fore observed with especial interest; they certainly 
moved largely up and dOll"n,and as tho line traced wns 
zigl'Ag there was 80me lateml movement. The nine 
cotyledons of IL seedling Pima pina.ster plainly circum­
nutated ; and the figures described approached more 
nearly to irregular circles than to irregular ovals or 
ellipses. 'fhe sheath-like cotyledons of the Gra­
mineoo circllmnutate, that is, move to all sides, as 
plainly as do the hYlx>cotyls or epicotyls of any dico­
tyledonous plants. Lastly. the very young fronds of 
II Fern and of a. Selaginella circumnutntcd. 

In n lnrge majority of the cases which were care­
fully obsen'ed, tho cotyledons sink a littlo downwards 
in the forenoon, and rise a little in the afternoon or 
evening. They thlls s1ilnd rather more highly inclined 
during tho night than during the mid-day, at which 

*T1le ootylorloua, thoughbrlght .to 1877,p 9!l),on the gradatlOU 
groc:n,reeeroblllw .. _inu. mtheIAlgUlJlllIOIIebet .. ocn..,t.. 
tt-.ut hy~"~; _ tlle in. "iirial Iud RI~ colyl~ 
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time they are expanded almoet horizontally. The 
cireumnutAting movement is thus at 10081. partially 
periodic, 110 doubt in connection, as we shall hereafter 
lee, with the daily alternations of light and darkness. 
The cotyledons of se.eral plants move up so much at 
night as to stand nearly or quite vertically; and in 
this lattcr C(\.lje they come into close conluct with one 
another. On the other hand, the cotyledons of u 
(ew 1)IBnts sink almost or quite vertically down at 
night; and in this latter case they clasp the upper 
part of the hYl)OO()tyl. In the same genus Oxalis the 
ootyledons of certain species stand "ertically UI), and 
those of other species vertically down, at night, In 
all such CB8CIl the cotyledons may be said to sleep, 
{or they act in the same manner as do the lea,'CS of 
many siool)ing plants. 'l'his is a movement for a 
special purpose, and II ill therefore be considered in a 
future chapter devoted to this subject_ 

In order to gain some rude notion of tbe proportional 
number of ClL8es in which the cotyledons of dico­
tyledonous plants (hypogean oncs being of course 
excluded) changed their position in a conspicuous 
manner at night) one or more species in se,-eral 
genera were cursorily obser,-ed, besides tb086 described 
in the last chapter. Altogether 153 genera, included 
in as many families as could be procured, wcre thus 
oblen-ed by us_ The cotyledons were looked at ill 
the middle of the day and again at night; and those 
.. ere noted as sleeping which stood either vertically 
or at an angle of at least 60 ' above or beneath the 
horizon. Of sncb genera. there were 26; and in 21 of 
them the cotyledons of some of the species rose, and 
la only 6 aank at night; am! BOrne of these latter 
rues are rather doubtful from causcs to be explained 
in the chapter on the sleep of cotyledons. When 
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cotyledons which fit noon were nearly horizontal, stood 
at night at mOn) thrm 20" slid less thrill 60° al~.we the 
horizOll, they were rC<"onted as" plainly rnised;" {llid 
of Buch genem there were 38. We did lIot meet nith 
nny distinct instillll'ell of cotyledons periodically sillk­
ing only a few degrees at night, ahhough 110 douut 
such <K'cur. 're have now accou nted for 61 genera 
out of the 153, and there remain 89 ill which the 
cotyledons dill lIot change their position at night by 
fiB much ilS :lOo-timt is. ill 1\ cOTlspicuous manner 
which coulrl callily be detected by the ulli\ided eye and 
by memory; but it must not be illf('rred from this 
stAtement that these cotyledons did 1I0t move at all, 
fo r in ge,"cral cases a rise of Il few degrees \\'88 re­
corded, when they were esteru lly observed. 'fhe 
uumber 89 might have been a little increased, for t he 
cotyledons remnium\ ulmost horizonhd at night in 
80IIle species in a few genera, for instance, 'l'rifo­
lillln and GenUlium, which are included alllongst t he 
sleepel'll, such genera might therefore have been added 
to the 89. Agnill, one species of Oxalis generaUy 
raised its cotyledons at night more tbun 200 and less 
than GOO above tho horizon; so that this genUll might 
have Uecn included under t wo hends. But as sevem! 
spoeies in the same genns were lIot often observed, 
snch double cntries have been i'l.voi'!l:d. 

In a future chapter it will be shown tllat thl: leavC8 
of many plants which do not sleep, rise II. few degrees in 
the c,"cning and during the early part of the night ; 
lind it will be CQm"cnient to defer until then the 
consi<i('rotion of the periodicity of the movemeuts of 
cotyledons" 

On the Pul"ina or Joints of Coiyledon,.-W ith several 
of tho seedlings described in this Ilnd the last chapter, 
the sUlllIDit of tho petiole is deyeloped into a puhinU5, 
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CUlilioll, or joint (as this organ has been various.ly 
called), like that with which man)" leavee afO provided. 
It oollSista of a Illass of Slllall cells usually of a pale 
colour from the absence of chlorophyll, and with its 
outline more or less com'cx, as shown in the annexed 
figure. In the case of O;ea/is 
tIIUiIit'(J two-thirds of the .'J,.63. 
petiole, and in that of Mi- • 
-.oN pudica, apparently the , 
whole of the Ihort 8ub­
petiole.<! of the leo.Hets hlwe 
~n converted into 1mlrini. 
With puh'inated loo\'es (i.e. 
thoee IJro\'iued with a pul­
rinWl) their periodical move­
II1f'nts depend, according to 
Pfeffer,· on the cells of the 
puh'iuus alternately expand­
ing more quickly on one Bide 
than on the other; whereas 
tbe similar 1ll0l'cmCllts of 
ielVl'8 not pro\'ided with plll­
~i. depend on their gro"~h ~";:J;i~:gi..!.~;:~::~~ 
being alternately more rapid ..r the ptliol • ..r. ootyledOlo, 

OQ one side than 011 the :!::;~Ii'jt~$t~..:.~e;: J:,~-: 
otber.t As long as a leaf tiolejj,libro-yueul •• bulldloj 

provided with a puh'inus is ~~i:I,:~eut"tm.ntolbl""eof 
yonng and contiuues kl grow, 
jumo\'cmcnt dCIKmds 011 both these canses combined;~ 
IIld if the vicw uow held by many botanists be sound, 
MlDcly, that growth is always prcccdoo by the expan­
D or the growing cells, then the difference bctWf!e1l 

tile movemeut.'J iuduced by the aid of pulvini and 

• '!No Pmodilche ne"egun. tn..taliQ,'~1or&,'0eI.llt,l873 . 
..... 8btlorptle.' 1lf7~ 1 PfeWer, Ibid. p. ~. 
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without such aid, is reduced to the expansion of tho 
cells not being followed by growth in tho first CUBe, 
and being SO followed in tho 8CC()ud case. 

Dots wcro mado with Indian ink along the midrib 
of both pulvinated cotyledons of a n\ther old scedlillg 
of Ozali, Yaldivia/I"; their distances were repeatedly 
mCUBured wiih an eyo-piece micrometer during Si days, 
IUld they did not exhibit the leust trace of increase. 
It is therefore almost certnill that the puh'inus itself 
was not then growing. Nevertheless, during this 
whole time and for ten dltys afterwards, these coty­
ledons rosu l'ertically every night. In the case 01 
some seedlings mi'«'(l from seeds purchased under the 
name of OZali, fioribund«, the cotyledons colltiuued 
for (1 IOllg time to move "ertically dowII !It night, and 
the movement apparcntly depended exclusively on 
the puh'ini, for their petioles were of nearly the same 
length in YOllng, and in old seedlings which had pro­
duced true leaves. With ROme SIK.'Cies of Clll\.~ia. on 
the other hand, it was ob\'ious withont any measure­
went that the pulvinated cotyledons continued to 
increuse gtelltly in length during IIOme weeks; so that 
here the exp8Usion of the cells of the puhini and the 
growth of the petiole were prooobly combined m 
causing their prolonged periodic mOl'ements. It ... 
e<Jually evident that the cotyledons of mall)' plaut., 
not provided with pulviui, increased rupidly in length; 
and their periodic movements no douht were el:cl ... 
sively due to growth. 

In accordance with the view that the periodit 
mOl'ements of all cotyledons depend primarily on iii 
expansion of the cells, 1Ihether or not followed bJ 
grvwth, we can understand the fact that there is .. 
little difference in the kind or form of movem 
in the two sets of cases. This may be acen by co. 
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paring the diagrams gi¥en in the last chaptcr. TllU~ 
the mOl'cmcnts of the cotyledons of BralBi«J. olerlt«a 
and of lpomrea tBeru/ea, which are not provided with 
puh'ini, are as complex as those of Oxalis and Cassia 
which are thus provided. The pulvinated cotyledons 
of some individuals of Mimosa pudica and Lotus 
JatebleU8 mado only Ii single oscillation, whilst tl.108e 
of other individuals moved twice up and dowlI in the 
oourso of 24 hours; so it was OCCllSiollally with the 
ootyledons of Cucurbita ot;ifera, which Ilre destitute of 
• pulrinus. 'J'he movements of puh'iuated ootyledoll3 
are gt·u{·mlly larger in extcnt thnn those without a 
PQh'iuWl; ne\'crthcles3 some of the latter mon!d 
through Iln angle of !}(f. There ill, hc.we\'er, one 
important dilrerellce ill the two sets of cases; thtl 
rwcturnal mOl'cments of cotyledolls without plli\'ini, 
for illstUIlCC, those ill the Cruciferre, Cucllrbitaccre, 
Githago, and Bcta, lIcYcr last ovcn for n week, to Illl y 
00ll81)ic1lO1l8 dcgrce. Pulvinated cotyledolls, on the 
othu h!Uld, continue to rise at night for a much 
loDger pcriocl, e\'ell for more th:1ll n mouth, as we 
Iball now show. But the period llO doubt depend"" 
largely Oil the tcllll~rature to which the seedlillgs are 
upo&-u nnd their CI.lIlS(!(]uellt rate of de\·eloplUcnt. 

Ozulil J"uldill'lanll.-Some oofyledonJI "bieb had hltelyopened 
.... 'lrel'fl horizontal on March 6th at noon, JJtood at night vcr. 
_1I,up,outhe I3th the firsttruelea.fwa, {ormod,allo.l.wa.<! 
.aInced at night by tho cotyledons; on April 9th, after an in. 
tina! of S5dny1, ail: lClJ,YCllwero developed', nnd yetthocoty. 
Wou "*l alm()6t "crtically at nigbt. The ooly[odoWi of 
ao&ber lIOOd[illg, which when first oblJerved had already pro­
aced a [eaf, stood "t:rlically at night IUld continued to do 80 for 
U additional daya. After 16 day. from tho firet obeel'T&\ion 
., .. ~ w-el'fl de\'eloped, a.ud the cotyledons were still greatly 
..... at night. Arter:.!1 day! the colyledODIl during the day 
_cIdIeeted beneath the homoll, hut at night weN raiaed. J.5o 

I:! 
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above it. After 24 dBYS from the first observation (begun after 
a true leaf had been developed) the cotyledons cClLSOd to rise at 
!light. 

Oxali~ (Bir>phytum) 6en.tiliva.-TbocolyledoDs of sevornl seed­
iing1l, 45 days after their first expansion, stood Henrly vertical at 
night, and closely embraced either ono or h'o true loo.vOII which 
by thi.s timo had been formed. These seedlings had been kept 
in a very warm house, lind their de'-olopmont had btx!n rapid. 

Orol", CONIiculalll.-Tbo cotyledons do not stand vertical at 
night, bul generally rise to an anglo of about 450 above tho 
hori:wu. Thoy continued thUII to act for 23 days after their 
first expansion, by which timo two lea,OII had been formed; 
(l'"en dter 29 days Illey still rose modera1cly nbovlil their hori· 
zontalordowuwardlydefiooteddiurnnipotlition. 

,11imvea plldictl .-Tho ootyledons were C:llltmded for the first 
time on Nov. 2nd, and stood yertie. ... l at night. On the 15th the 
firstlooC 'I\'!J.I:I formoo, and at night the cotyledons werevertiCilI. 
On the 2Stll they boluwed in tbe samCl manner. On Dec. 15th, 
that is aCter 44. days, the cotyledons were still considerably 
mised at night; but those of another seedling, only one day 
older, were rnised very little. 

MimOM albida.-A seoiling wlUIob6eryed during only 12 days, 
by which time a loof had. been formed, aud the cotyledons were 
then quite ,-erticalat night. 

Trifolium .u.1,urrall_"m._A seedling, 8 days old, had itscot~·· 
Icdons horiwntal at 10.30 A.M. and "crtieal at 9.15 P.M. After an 
inlenal of two monlllS, by which time the first aud IlI'lOOnd troe 
leaves bad been developed, tIle cotylroons still performed the 
same movement. Thoy had now increased greatly in size, and 
had become oval; and their IlCtiol08 were ootuallY'8 or an inch 
inlongth! 

7Tifolium .tridum.-After 17 days the cotyledons still 1'$00 at 
night, but were not afterwards obseITed. 

Lotu& Jacd>reus.-Tho cotyledons of some soodlings havillll' 
'I\'ell-<Ieveloped leaTCII rose to an anglo of about 4So at night; 
and even after 3 or 4 whorls of leayes bad been formOO,theoo­
tyiooon@ rose at night considerably abo"e their dinrnal bori­
zOHlAlpoaition. 

CIUSW mimOMidM.-The cotyledons of this Indian spceiee, 
14 days after their first elpansion, and when a leaf llad beeII. 
formed, stood dnring the day horizontal,aDd at night TerticaL 

ClUSia sp' (a large S. Brazilian tree raised from soods !lCDt .. 
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11,.- F. MfiUer)'-The oolylOOol18, after 16 da,.. from their first 
e1:jlIWIJion, had increased greatly in aize with two leaves jUlit 
fonned. They atood horizontally during the day a.od \'crtically 
'toighl, but were not IIfterwaroa ob8ervoo. 

awia ntfJltda (likew1Sol II S. Brazilian apecies).- A eeo:iling, 
SldaYBaftQr~he IirstClpanaionofil8ool),looons,w8IIootwoon S 
and " inches in height, with 3 well.develollCd loa.VC8; and the 
oot),IOOon8, which dnring the day were noorly horizontal, at night 
dood vcrticnl, clO8Cly cmbracing the young atem. The oot)'16-
doba of another soodling of the SllUle ngtl, I) inchC8 in hcigllt, 
~tlt 4 wcll-devclolJed leaves, OOhaTOO at night in exactly the 

It is kno",n • that there is no difference ill structure 
between the upper and lower hnl\'e8 of tlle puh'illi of 
leavcs, sufficient to account for their upward. or down­
ward mOl'ementa. In this respect cotyledons offer an 
anusally good opportunity for comparing the structure 
of the two llalves; for the cotyledons of Ozalis Valdi­
MI» rise vertically at night, whilst those of O. J"osea 
link vertically; yet when sections of their IlUl\'ini were 
made, no clear diO'erence could be detected betwcon the 
COI'l'eSponding halves of this organ in the two species 
which move 80 differently. "'ith O. t"OMa, hO\l'cver, 
there were mthcr more colls in the lowcr than in the 
upper half, but this was likewise tho CllSC in olle speei­
mt'll of O. Valdiuiana. The cotyledons of both species 
(3i mm. in length) were exalliined in the morniJlg 
whilst extended horizontally, and the upper surfnce of 
the pulvinus of O. rlnea was then wrinkled tmnsvel'8ely, 
aboll- ing that it WI\8 in a state of coulpressioll, and this 
might have been expected as the cotyledons siuk at 
Dight; with O. ValditJiana it was the lowcr surface 
which lI'as \\Tinkled, and its cotyledons risc at night. 

Trifolium is a Datural genus, and the lefwes of all 

• l'f"ft'cr,'Diel'erioJ..Be'll'cgu.ugeu; 18;5. p. 157. 
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the species seen by liS are pulvinated; so it is with 
the cotyledons of T. 8ubterraneum und strictum, which 
stand vertically at night; whercil.S t hose of T. resupi. 
flutum exhibit not a trace of a pllivinns, lIor of ally 
nocturnal movement. 'fhis was ascertained by mea­
suring the distance between the tips of tho cotyledons 
of four seedlings at mid.day and at night. In this 
~pecies, however, as in tho others, the first-formed leaf, 
which is simple or not trifoliate, rises lip and sleeps 
like the terminallcaflct on a mature plant. 

In another lluturnl genus, Oxniis, the cotyledons of 
O. Valdiviana, 'rosea,jlQrilitmda, articulata, and senMtit'a 
!Iro pulvinated, and all moye at night into an upward 
or downward vertical position. In these sc\'cral species 
the puh'iuus is seated closc to the blade of the coty­
ledou, as is the uSllal mle with most plants. Ozalia cor­
niculata (YRr. Atro-purpurea) differs in scvenll respects; 
the cotyledons rise at night to 0. yery mrio.ble amount, 
rarely Illore than 45°; and in one lot of scedlings 
(purchased under the nallle of O. tropteoloides, hllt 
certainly belonging to the above variety) they rose 
only from 5° to 15' aboyo tho horizon. '1'he PlllyillU9 
is developed imperfectly and to an extremely variable 
degree, so that apparently it is tending towllrds abor­
tion. No snch case has hitherto, we believe, been 
describe<l. It is colourod green from its cells con­
taining chlorophyll; and it is seated nearly in the 
middle of the petiole, instead of at the upper end as 
in all the other species. 'l:he nocturnal movement is 
effected partly by its aid, and pn,rtly by the growth of 
the upper part of the petiole as in the case of plants 
destitute of a puh·jnus. From these severol reasolll 
i'lild from our haying partially traced the develop­
ment of the lllllvinus from an early age, the case 
iSe(!m8 worth describing in some detail. 

Rl The Complete Work of Charles Darwin Onl;ne 



ClUJ'. II. I'ULYL'\"I OF COTYLEDQX8. lHl 

When the cotyledon!! of O. """'''·cub,tl were dillSeCtoo out or a 
Nled from which thoy would 8O()Il hRVo no.turally emerged, no 
traoe of 11 pulvinu8 oould be detooto<i; IIlId all the celie forming 
tilesilortpetiole,7innurnberinalongitudinalro\ll",\II"creofncarly 
equal 8i1.('. In BOOdling!! one or two days old, Ule puhinua wna 
l!Oindistinct that we thought at flr!lt that it did not&ist; but 
ia the middle of the petiole an iIl-detined IranllY(!1"S6 wne of cells 
could be _n, which we)"('l much ~llOrter than thOl!O both ahove 
and below, althongh of the SlIme 1'l'('8,dth with thf'm. Thor 
preeent«J. the appeant.noo of having ~n jUllt formed by the 
mll.vorse divilJion of long(lr coils; and ther(' C!lll he little doubt 
that this Imd QCCumxl, for tho cel!!J in the petiole which hlld 

Fig. 64. 

\tD!. 
!III\ 

A. D. 
0 ... ,1" ..,...,.;,..uat~ , A obd n the alm .. t ",dimerotary I"'ld~i flf tbe e<>ty. 

If<l .. ,,, of two •• ther old ..-edlin, .. "i , wed •• tra"'J'.~ut objoc! •. 
)lapified50 timeo.. 

been diBseoted out of the seed avoraged in length 7 divisions 
at tho micrometer (each division equalling 1X)3 mm.), and weft! 
Ii little longer than thoeo forming a well-developod pulvinUlJ, 
.!tieh variad between 4. and 6 of thOll6 811.me divisioIl/!. Ancr a 
'" additional daya tbe iII-dcfuled ZOllO of oella beoomOl5 di8tinct, 
aDd .ltbongh it dOO8 not extend IICroe. the l\'hole width of the 
JlI!tlole.and although the cells a)"('lof a green colonr from contain­
iD(thloroph,.U, yet they ('Crlainly constitute. pnlrinua. which, 
• we ~hall pJ'CI'Cntly 600, IICIJ! 118 one. These small 0011. were 
arranged in longitudinal ron, and varied from 4 te7 in number; 
IIIdtheceJIa them8elvOl5 varied in length inditrcrent parta or the 
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S&IllO pulvillUli and in different individuals. In the acoomp&lll· 
ing figures, A and n (Fig. 6-1), we have viewl of the epidermi,­
in the middle part of tho petioles of two soodlinSll. in which the 
pulvinus was for lhi~ specios well davclopeo:!. 'fhoy oft'or a 
striking oonlrWlt with the pulviuUll of O. TO«U (_ former 
Fig. 68), or of O. Vuldiuj(",a. With the I8C<ldlinWl, fal8cly called 
O. trop«Olmdu, Ole ootylooona of 'A'hieh riae 'fcry little at night, 
tho small eellil wero still fnwcr in number am\ in J.arbi formed 
1\ single tllUl8VCI1l8 row, and in othor palla short longitudinal 
rows of only two or throo.. ~'e'l'crthcl_ Ihey sufficed to attraet 
tho oye, wben the whole petiole WWI viewed lUI a tranllpRrcnt 
object beneatb the Inicl'OllOOpo. In these III,l(l(lliugB thero collid 
hardly be a doubt that tho puivinull Willi bocomillg rudimentary 
and tending to di8!lPllCft,r; and this lICOOunt8 for it. great 
Tariabiiityio8tructuroand function. 

In the following Table !!Orne me.anrcmcnt. or the cella in 
fairly well-deve!oped pnlvini or o. OOrllKwlaIa are given:-

s-JJiltaldoyrAd, ... ;U.r;tJtl/kdIJA~!I_."'kw;a. 

A..erago length ofCo!!llofpulrloul •. 
Lengthofionged",llbtiowthe pul .. lnul 
Lengthofloopotcell.boutbepD.l~jD.ul 

Di .... loolof 
Mic"'m'I.n.t 

6107 

" " &rdJi>¥jlirJJI/.oId.fJOt:/I«ItA3·I_illlntglA.WAt.Vpool ...... 
9ViUdi6lillct. 

An .. gelellJlbofCo!lllofpulrinu •• 6 
.... ogtho(longeotcellbeJoorth.puhinUi •• 22 
.... ngu. orlon, .. t cell ,boTe tbe pllJ~illU •• oW 

SNdIill:1 8 <by. oId,ootyltdm li mm. ill k"",A .... ilA .. lrMfleaJ 
lor,Mdbul.""t~'t'''JJI'..;j"J. 

Ave .. ge Jeng~h ofeell. of pul .. ioul •• 11 
Lengthofloog_ tcelJ be!ow the pnl .. !oul « 
Length of Jong_t oeU .bo~. the pul~inul 70 

SudliIllJ13d.J!I'oId.cotl/~4·:;_i·ltNa" ..... t4"-.l1 
trwl«JflrJtl/deoMop«l. 

Aurar lengtb otoelLt ofpnJrio... •• 1 
1.ellgtbo(loD.~t cellbtlo .. th.puhin... SO 
l .... gtb of 100g" l oen.boTe the pnl .. inu ~O 
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We bere IlOO that the ceUa of the pulvinua inel'CMC bnt little 
in Jeugth with l(I\lIocing age, in COWl. rison ",ilb IhOllO or the 
petiole ooth aoove awl below it; but tbeycolllllluetogrowin 
width, anti keep equal in tlilll I'CI!Jlect ... ·ith the oUler cells of 
the petiole. 'rhe raleor growth, however,\'lUice in all parts 
of the cotylooous, lUI maybe obl!en-oo in the lUOO8urementsof 
tho8-daya'oldscedliug. 

The cotylodoull of &c«Ilinga only a day old riso at night oon­
sidernbly, IIVlIletimcs M much as Bfterwardll; but there WIIIl 
much variation ill Ihis respect. AI the pulvinus is eo iudistinct 
at IIrst, Ule movemcnt l)rubably dOO8 not then dcpend on the 
elpauaioll of its COUll, but on periodically unequal growth in 
the petiole. Dy tho OOluIM80n of soodlillg8 of different known 
agt'f!,itwas oTident that thocbief6eat of growth of tho)lCtiolo 
11"l1li in the upper pt.rt betweon tho pulTmU8 IJld tho blade; 
alld thia agrt'f:8 with the fad (shown ill tho mOO8urementsaboro 
given) 11m! the cella grow to a greater length in tho npper than 
in tho lower part. With a seedling 11 daya old, tho nocturllal 
rise was found to depend hugoly on the actioo of tho IlUlvillUH, 
for tho petiolo!lot night Wf18 curn)(i upwards at thia point; and 
d\ll'ing tho dlly, wW!&t tho petiole WIUI horizontal, tho lower 
8urfaC(l of tho ])ulviuIl8 'I'M wrinkled with tho lI])per surface 
tOQJ;C. Althollgh tho eotyledoIl.8 at lUi ad\'alleod ago do not liS(! 
at night to a higher inclination than whilst young, yet they hare 
to pa&8 through a largor anglo (ill 000 iIl.8tanC6 amounting to 
b3) 10 gain tboir nocturnal position, as they are goncmlly 
de6eeted oollootb tile horizon during the day. E,en with the 
Il-day,' old BOOdling tho movement did not depend exelWlively 
ou the l)ulvinWl, for the blado where joined to the petiole was 
curvoo upwardll, and this must be attributed to unequal growth. 
'fhel\lfore tho periodie movements of tho ootyledoWi of U. rorn'-" 
"dala depend 011 two diatillct but conjoint actions, uamely, the 
Clpall&iOIi of tho oolls of tho pulvinull /Llld 011 Iho groll·tb of 
tho upper part of tho )Jetiolo, including tho bMo of tho blado. 

L'Jiw Ja.:oruul.-The eoodlingtl of thia plant present a case 
parallol to that of (j;w.U. CONIicuiata in IlOlUe WlpOCt.s, and in 
othcra uniquo, ail far as \\'0 haro 6ee1l. Tho eotylcdoua during 
thefir8t40r6daY80rtboirlifodollotclhibitallyplainn~ 
lornal m01'Cmentj but after'Wards they sta.lld "crtieally or 
a1mostrertieallyupatnight. Thereis,ho"'e\'er,lOllledq;rooot 
nriability in lilia respec.:t, appo.relltty dopendent OIl tho IJCaliQIl 

aDd 00 tho degree to .... hich they have been illuminated during: 
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tho day. With older BOOdlings, having oolylooonB 4 mm. in 
length, which rill6 oonaidernbly at nigbt, tJlcre is a well·deve­
loped pulvinllB clO8C to the blade, oolollrlOll8, ami rathor nar­
rower tllllll the l'66t of tho petiole, from which it is abruptly 
BCparated. It i8 formed of a mRsa of Bmllll cells of an averngc 
length o({)21mm.i wh(lrea8theeeIl8in the]o .... erparloftho 
)lCtiole are about ()6 mm., and th066 in tho blade from rei to 
iJ..l mm. in length. The C)lidennic cells in the lower partor U\O 
petiole projcc' conically, and thus differ in shape from thOflO 
over tbe pulvinua. 

Tumiug DOW to"ery young soodlingll, tho cotyledons of wllich 
do not rise at night and an) only from 2 to 21 mm. in length, 
their petiolca do Dot exhibit any deftued 1.ono of sma!! 00118, 
destitute of chlorophyll and differing in 1118PO exteriorly from 
tllO lower OD06. NOTcJ'thelO8!l, tho 00118 at the pl.ee where a 
)ulvinus will afterwardll be denloped are 1I1lllliler (being on an 
o,verage -015 mm. in length) thall thou in tilO lower parta of 
tho same petiole, which gradually beoome larger i.n prooooding 
downWlll'd.!!, the larg6lilt being «Wmm. inlc.ngth. Atthi8 carly 
ago the oolla of tho blade&1"(! &bout-Q27mm. in length. Wo 
thus 800 that the pulvinulJ is (orilloo by the coils in the upper­
most PArt of tho petiole, continuing for ouly II short time 10 
InclX\ll.!l6 in length, Ihen heing arresled in their growlh, IICOOm­
panied by the lOA of their chlorophyll gmins; whilst Ihe cella 
in the lower part of tilO ll6tiole continue for a long time to 
increaaainleugth,thOlJOofthoepideJ"Illiabeoomillgmoreoonil'lfll. 
Tilo singular fJ\Ct of tho cotyledons of this 1)laut not sleeping at 
fint is therefore due to the pnlvinus not being developed at.o 
carlynge. 

We leam from thcse two cases of Lotlls and Oxalis, 
that tho devclopment of a pulyinus follows from the 
growth of the cells oyer tL smaJl defined space of the 
petiole being almost arrested at an early age. With 
Lotru JacolJmru the cells at first incrCll8e a little in 
length; in O:ttJ1i$ eomieulala they decrease a little, 
owing to self-division . A mass of euch small cella 
forllling a pulvinus, might therefore be either acquired 
or lost without any special difficulty, by different 
speeies in the same natural genus: and we know tha' 
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'lrith soodling& of Trifolium, Lotm, and Oxalis some of 
the 8pecies 1111\'0 a well-de"elopcd puh'inll8, and others 
ha" e ll(me, or one in a rudimentary comlitiou, As tbe 
mO\'{'mellts cauS(!d by tho alternato turgescenoo of 
the cells in the two halves of fl. pulvinus, must be 
largely determined by the extensiLility find s\lbse­
quent cuntraction of their walls, we can pt'rilaps under­
stand why fl. large number of small cells will be more 
efficieut than a small number of large cells occupying 
the 8/Une space, As a pulvinu8 is formed by tho 
arrestment of the growth of its cells, mOl-cments de­
pendent on their action may be long-continlled without 
any incl'('flSO in length of the part thus provided; 
and such loug-continued mo,'ements seem to be ono 
chief cud gained by the development of a puhinns. 
Long-continllod movement would be imJXI88ible in any 
part, without an inordinate incrcuse in its length, if the 
turgescence of the cells wus nhmys followed by growth, 

Disturballce oJthe Periodk MOt'emellls of Colyledoll~ by 
Light.-'l'he hypocotyls and cotyledons of most seed­
ling plRuts are, Ill! is well known, extremely heliotropic; 
Lut cotyledons, besides being heliotropic, are affected 
l16.flItolliCiaily (to use Sachs' expression) by light; that 
u.. their daily periodic movements are greatly and 
quickly disturbed by changes ill its intensity or by 
ita absence. It is not that they cease to circumnutate 
in darkness, for in all the many cases observed by us 
thty continucd to do 80 j but the norlllal order of 
their movements in relntion to tho nitcrnatiOlls of day 
anu night is much disturbed or quite annulled. 'l'his 
hulds good with species the ootyledons of wh ich riS(! 
t·r sink 80 much at night that they may be soid to 
Ilt~'JI, !\S w('11 88 with others which rise only fl. little. 
But different 8pecies are affected in "cry different 
dt-grees by changes in the light. 
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For instance, the cotyledons of Dew. vul9(lri~, Solanl<m Iyccper. 
licum, Cffintl,~ major, and Lupinul ll<te1il, wIlen l)laeed in dark­
ness, moved down dllriug tIle afi:emoon and early uight, instead 
of rising as they would have done if they had boon el"posed to 
the light. All the individllllis of the Solaullm did not behave 
in tho !jIl.lI\e manner, for the cotyledons of one circumnutated 
about the srune ~pot betwet'n 2.30 and 10 p.)!. The cotyledons 
of II seedliug of U:cali, CQrniadata, which WIIS foobly illuminated 
from aooyo, moved downwnrds dllring the first morning in the 
normnl manner, hut on the second morning it moved llpWards. 
The cotyledons of Lot,., J~", were not affooted hy 4 h. of 
complcte darkness, but when placed under f\ double skylight 
and thus feebly illuminatoo, they quite lost their periodicnl 
movemcnl8 on the third morning. On the other hand, the 
cotylooons of C~curbila ovife)"a moved in the normal manner 
dllring a whole day in darkness. 

Seedlings of GillUlgo l/efIelum were feebly illuminated from 
Rbove in t he moming before their cotyledons had expanded, and 
they remained c10s0d for Ille neJ:t 40 h. Othcr seedlings were 
placed in the dark p,fter their cotyledons llBd opened in the 
morning nnd these difl not begin to close until about 4 h. had 
elapsed. The cotyledons of O:oolil roaea sank vertically down· 
wards after beillg len for 1 h. 20 m. in darkness j but those of 
some other spooios of Omlis were not affected by several hours 
of darkness. Tho cotyledons of several spooica of Cassia are 
eminently susceptible to changes iu tho degree of light to which 
tileY are exposed : thus socdlings of an unnamod S. Brazilian 
species (a Inrge and beautiful troo) weI'<) brought Ollt of thc hot­
house lind placed on a tnble in tho middle of 1Io room with two 
north-cast nud one north-west window, so tllat they woro fairly 
well il\uminp,tOO, though of course less so tllan in the hot-house, 
the dUoy being modcrarely bright; and after S6 m. the cotyledons 
which had been horizoutal rose up vertically nnd closed together 
as when IUlioop; after thus remaining on the tablc for 1 h . 13 m. 
they regan toopen. Thecotyledons OfyOIlDg seedlings of nnoUI~ 
Brazilip,n species and of C. ~tgluta, treated iu the sarno manner, 
bellByed similnrly, cJ:cepting that they did not rise lip quite 80 
much ; t hey again became hori7.0utal after p,bout an hour. 

Here is a more iureresUng case ; seedlings of Ca.<$~tl'JT"ain 
two pol8, wllich had stood for some time 011 tllO tnblo in thc 
room just described, had their cotyledoDs horizontal. One pot 
\\"llS now expo.sOO for 2 h. to dull sUllshillO, and the cotyledons 
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remained horizontal; it was then brought bfock to tho table, and 
aner 00 ID. Iho ootyledoDII had rieen r.so abovo the horizon. 
The otiler pot v .. as ))llood during the &arue 2 h. behind I IICroen 
in the room, wilere tho light .... 1S TCryOb&cUro, and tho ootyledolUl 
roee (j8O abovo the hori1.on; the pot W1Ui then J't'plaoed on tho 
table, an(t afw.r 50 In. the cotyledons had fallen 88". TlJeI!e two 
pota with 8(lC(\lillgll of the sallie ago stood <!101M! together, and 
.... orecxJlOllCd tooXllctly the/IRmeaDlountof light, yet the coty­
ledon, ill the oue pot wore rising, whilst thoeo ill tho othor 
pot were at tho SIl.me time sinking. This fact iIll1lltratos in a 
itriking mauner thllt their mO\'ementa aro Dot governed by the 
actual amount, but bya change in the inten8ity or degree of 
the lil('ht. A lirnilar Clilerimcnt wu trioo with 111'0 IOta of eoed­
lillg!l, both Cl)Xl8OO to a dull light, but different in degree, and 
the reBnlt "'u the .. me. Thomoy"menta of theoolylOOolUlo(\his 
Calisia are, hO'lfe,.er, detenniDed(aII in many other CIUIe8) largely 
by habit or inheritance, independently of lightj for aoodliugs 
which iu"l been moderately illuminated during tbo day, were 
kept all night and on tho followln!;!,D1Orlling in complete dark-
11_ ; yet tho cotyledon8 were po.rtially open ill the morning 
andrelllflined open in tho dark for about6h. Thocotyledons 
in anolhor l)Ot, e.imilflrly treated on flnolll(lr occalion, were open 
at 7 A.M. lind remained open in tho dark for 4 h. 30 m., after 
.. hich time they !>egal' to close. Yet Ulose sarno loodlinflS, whon 
!.>rought in tho middlo or tho day from III modcrately bright 
into only II model'l1tely dull lij!ht r&ilIOd, III we havo IlOCU, thcir 
oolylcdoll.8 high abo..-o the horizon. 

s....iti_tt.t of C'clyl.do'" to tlmlDd.-This subject dOOll not 
)x.e88mueh inlel'Clrt,lI.II itb not known that een8ilinlnOll8 of this 
kindillOfanyacrvicetoaeedlingllianta Wohavoobecnedcase6 
in oulyf()l1l' genera, though we baTe TlIinlyobllen'ed tho coty­
Iedoneofmanyotbcnl. The genullCaasia8OOll1ll to be p~inont 
inthia nlIl l)OCt: thus, tho cotyledons of C.tom,wllon extendoo 
borizontal1~', were both lightly lapped with a Yory thiu twig for 
3m., Ilnd in tho course of R fow minutC18 they formed togethor 
an anglo of 00", 80 that e&eh had risen 4iJ~. A single cotyledon 
of allother IlOO(lling Willi tapped in a like manner for 1 m., find it 
I'OIIl ZT" in 9m.; and lifter eight additiollalmil1utC8 it had risen 
10' more; tho opposito cotyledon, which WIlS llot tapped, hardly 
1D01'cd at all. The cotyledons in all those CI\@(lII became hori­
_tal again in 1_ than half an bonr. ~rho pul..-iuU8 i. tho most 
Wlllaiti,·o )_rt, for on slightly pricking three cotyledon! with a 
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I)iu in this pari, thtl)" roeo up ,.erticaUy; but the blnde 'I\'as found 
lIillO to 00 sensith'e, care haviug bocn taken thllt tllO pulvinus 
WlUIllottonehoo:l. Dropll of wtl.ler pla.ced quietly on thosecoty­
IcdollB l)roo:iUcOO. 110 effect, but an e:llrcmely fine slreamof water, 
ej<lClod from a syriuge, caused them to mo,.e ul)wards, When 
a l)Ot of scodlingll Willi rapidly hit 'llrilb a stick lIud thUB jarred, 
the cotylodollB roee slightly, When a minute drop of nitrio 
acid Wail plllCCd on both puh'iui of a aeccUiuf!', the cotylooons 
roee 110 quickly Ihat thoy could easily be flEt'n to mol'e, and 
aimost immediatcly aftel"ll"arda they bep.n to fall; but the 
pulvini had bocn kiI10d IIml booame brown, 

ThecotyledonB of 1111 Imnllmoo species ofCasaiR «(I. large treo 
from S. Brazil) roee 81~ iu tho coone of 26111. liner the pulviui 
aud the blades had both beeu rubbed (Iurinfl' 1m. wiUI a twig; 
but when UIO blnde fLiollo W&I! IlimiLuly rubll()(1 the cotyledons 
roee only 8". The remarkably Ioug alld narrow oolyledoWl, of II. 
third uunamed speciea from S, Brazil, did not Uloye whC1l their 
blades were rubbed Oil ltix OCCllllioUI with a pointed 6tick for 
80s. or for 1m,; but when U\O puhinus Willi rubbed and sJiglltly 
)ricked witlla 1)iu, the cOtyJedOIlS rosoin the COUI'SO of 1\ fow 
miuutcs through nil an(:;lo of 60"'. Sol'ernl cotyledous of 
C. "tlfjl«ta(likellise from S.Dra~i1) ro6Il in from 5m, to 15m, to 
,.arioul allgics between 16c Ind stC, after being rubbed during 
1 m. with 3 twig. Thcir lICusitivenea is retained to a aomewhat 
advanced age, for the ootyloooDll of a little plant of C. "f9kcta, 
51 <1.1)'1 old alld bearing three tme leaves, ro&e when lightly 
pinched between tho finger and thumb. Some IlOOdlings wero 
cxpom:1 for ao Ill. to a wiud (tClOp. 50" F.) Buftlciently strong to 
keep tho cotyledons ,.ibmting, but this to our 8lLfpri50 did llOt 
()IJ.UIIO nny mo,·ement. The ootyledons of four soodlings of tho 
Indian C. gloou:a wero either rubbed with a tilil! twig for 21lL or 
wcre JighUy pinclu)(l: 0110 ro6Il 84°; n .Il()(l()nd only GO; 3 third 
18"; and a fourth 17c. A cotyledon or C. jfon'tJd 6imilarly 
treated rtlfl8 go; one of C. rorymho.I ro6Il H e, IUId one of the 
very distinct C. mi_oUiu only 6°. Those or c. ''''~J<' did 
llot 31)pear to be ill the least IlCDsiti,.ej nor were those of (J • 

.,~d()«" but these latter IU'O mther thielr. IUId tlCllhy, and do not 
rillO at night or go 10 sleep. 

Smithia_,i/ioo.-Thisplunt belongll 10 110 di&tinct sub-ordcrof 
the J..q,"UminOSfS from Clllllin, Doth ootylooons of an oldish 
1IOO(1liD1, with tho first true leaf parlinl1y unfolded, were rubbed 
for 1 ro. ,,·ith a fine twig, and in 5 m. each rofiC 5'!°j lli01 
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rcUlIlinod in thi. poejtion for 15 m., but when looked at Rga.ill 
4Om. aner tho rubbing, each had falleu 11°, Both cotyledons of 
another Bud younger seedling were lightly rubbed in tho SIImo 
manner for 1 w., and after WI interval of 82 m. ooch ilIld riJ;eu 
50'. They were hardly at aUl!el)Jjitivo 10 a fillo jet of '111iter. 
1'ho cotyledou. of S. 'fundii, au African wRter 1)lant, arO thick 
and fleshy; they Ilf'O not aensiti"e and do 1I0t go to i!locl). 

Mi".-. pudka ami ulbida.-The blades of Ilevcrnl cotylodons 
of both these 1)IRnlB were rubbed or slightly .scrntehcd wilh a 
noodle during 1m. or2m.; but tiloy did not movo in tho least. 
Whon, howover, the Ilnlvini of six cotyledol)s of 111. pudiQIJ were 
thus IICnl-tched, two of them were slightly rniaed. In these two 
CUCII pcrhalllll tho pulvinUII wsa accidentally ) ricked, for 011 

pricking the pulvinns of auother cotyJodou it roscalittle. It 
thus appears that the cotyledons of YimOM are ICS8 .ensitive 
t han th06(l of Ule previously mentioned VIRnm-

Ozali • .e1l,iliIl'I.-'rhe blades aud pulvini of two cotyledons, 
standing horizontally, were rubbed or rather tickled for 3011. 
with R fino split bristlo, lind ill 10 m. each hRd risen 48" ; 
when looked at again in 3.:i m. after being rubbed thoy bad 
risen,!' more; aller 80 additional minntea they lI'ero aguinhon­
IOnta\. On hitting a pot rapidly "'ith a stick for 1 m., tho cotl" 
ledODll of two IIOOdlinv were considerably raised in tho COIlnlO 

of 11 m. A pot ""ag earried R littlo distance on a tray IIlld Illu. 
jolted; and the cotyledolUl of four eoodHnga were all raised in 
10m. ; after 17 m. OQohad neen 56°,&8000lId 45°,a third alm06t 
OO",and R fourth 00", After all additional illlervnlof40m.threo 
of them had re-expandod to" oolUliderabio utent. Th080 obee,... 
vatioWl were mado before wo were RWflnl at what an extmord i­
D&rily ral)id rate theoolyledoU8 cirenmllutato, and flnl therefore 
U.ble to error. N6l"crthelou it iBextrem(!ly improbablo that lho 
eotyledonsin the eight eases given, should 11.11 haveh«!n r is ing 
.t the time when they were irritated. The cotyledons of U~aI~ 
l'aldil7iana and r.-& were rubbed and did not exhibit any 
Iensi tivonesB. 

F inally, there scelIlS to exist some relo.tion between 

- The IOIe oot.ioe which ... e p. 865), "I .... oolylOOo'" du M. 
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the habit of cotyledons rising' vcrtirolly at night or 
going to sleep, and their scnsilh'cncss, <'fIpceially thnt 
of their puh'ini, to a touch; for all the above-named 
plrlllta sleep at night. On tho othcr hand, there aro 
lIlallY plants the coiyledolls of which slccp, and are 
not in the least scnsiti,'c, As the cotyledons of 
9C"ernl sl><'Cics of Cassia are eMily Ilffected both by 
slightly diminished light and by contact, we thought 
that those two kinds of sensitivelless might be con­
nected; but this is not necessarily the ca&C, for tho 
cotyledons of Ozali, lenl1'tit'a did 1I0t rise whon kept 
on ono occasion for Ii h" and Oil a second occasion 
for Ilearly 4 h" ill a dark closet.. Some other coty­
ledons, M those of Gtt}wgo Be{ltlltlJl, are much affceted 
by a fC(!ble light, but do not move when scratched by 
a needle, 'fhat with the same plnnt there is some 
relation bel ween the sensitiveness of ita cotyledons 
8nd leavcs 8eems highly probable, for tho above de­
scribed Smithia Ilnd Oxftlis hll"e been rolled ~ui1:a, 
owing to their lea,'cs being scnsiti,'e; aud though the 
leaves of the sc"eral species of Cassia nre not sensitive 
t(l a tonch, yet if a bronch be shaken or syringed 
with water, they partially assumo their nocturnal de­
pendent position, Bllt the relation between the sen­
siti,'eness t(l contact of the cotyledons and of the 
leaves of the same plant is not very close, ItS lIlay be 
inferred from the cotyledons of MilllcBa pudica being 
only slightly sensith'c, whilst the lea,'es are well 
known to be so in the highcst degree, Again, the 
loayes of Neptullia chracea nrc vory sensitive to a 
touch, \\I);18t the ootyledons do not appenr to be!lO ill 
nny degroo, 
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CHAPTER III. 

StnrTt1"U"EM 0' TOI APIX 0 .. THE R.t.DlOLE TO Con.t.CT .t.)lO TO 
Q'l"OElIlIIBITAI!"I"8. 

MannE' In which ~icle. bend when thoyenoounter an obiotacle ill 
the.,U-Vicia fa,.. tip. or radiel~ highly.ell. ltl1"etn contari 
IU>d other ;rrilanl_Rft"ed.l of too high a te .... peratur&-Po.cr of 
diocrimiIl8ti"w: butwucn .,hjootll a.ttoohed all oppoooito .ide.-'l'il" of 
K<l<>n.Wy rn,licie. .eo$itivo_l'ilum, It pol of radklCJI lCIlailiv_ 
t:JfllCtlof.uehlCTlrili1"on_inonrcomlnggeouoplsm-S«ondary 
radicl_l'L..,.,lu.,tipaofMicle,Iuu-dIYfNIll,dtivotoeootad. 
bulhighlY8e1l4itiveklc8uatic and tnthe romoval of a IUoo--'j',o.. 
V-lun.-OOOlolypium-Cuellrblla-U"lIhanua-A:ieuiu., lip not 
leD.itin to Ilightooottlct, hlgblyll(!naillTe to ee.a.lio-QucretW, 
tip highly ~ili" to oontaet-I'.,wc, of d;~rlmina.tion-ZeIo. 
tip hijj:hly i6u~iIlYo. iICOOmiary radlclc_Se"lIitivcno:u of radidee 
klulOutair-SUUlIllIuyo(chapler. 

lit order to see how the radicles of seedlings would 
JlRIiI over stones, roots, and other obstacle!, which they 
must incessantly eneounter in tho soil, germinllting 
boons (Yiciafaba) were 80 plMed that the tips of the 
radicles calllo into contact, almost rectangnlarly or 
" 8 bigh angle, with nnderlying plate! of glllSS. In 
uther cases the beans were tnrned about whilst their 
radiclcs were growing, 110 tbat they descended nearly 
yerticallyon thei r own smooth, ulmost flat, brood upper 
1IIrfa.ces. The delicate root-eall, when it first touched 
Illy diroetl y opposing snrface, WWl a littlo flattened 
&ranII,·orscly; tho flattening soon became oblique, and 
ill a few hours quite disappcarOO, the apex now point­
ing at right angles, or Ilt nearly right angle!, to its 
I'ormor course. The rndicle thon seemoo to glide in 
ill new direetion over the surface which had opposed 
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it, pressing 011 it with very little force. How far such 
abrupt changes in its former course are aided by the 
circumnutatioll of the tip must be left doubtful. 'f hin 
slips of wood were cemented on more or less steeply 
inclined glass-plates, at right angles to the radic\et! 
which were gliding dOlm them. Straight lines hnd 
been painted along the growing terminal part of some 
of these radic\es, before they met tIle opposing slip 
of wood; and the lines became sensibly curved in 2 h. 
after the apex had come into contact with the slips. 
In one caso of Il radicle, which was growing rather 
slowly, the root-cap, after encountering a rough slip 
of wood at right angles, was at first slightly flat.. 
tened transversely: after an interval of 2 h. 30 m, 
the flattening became oblique ; and after an addi­
tiollll.l 0 hours the flattening had wholly disulll>eared, 
and the alleN now pointed at right angle!) to its former 
course. It then coutinued to grow in ils llew direc­
t ion alongside the slip of wood, until it came to the 
end of it, round which it bent rectangularly. Soon 
afterwards when coming to the edge of the plate of 
glass, it was again bent at a large angle, and de­
scended perpendicularly into the damp sand. 

'Yhen, as ill the above cases, radicles encounterOO 
0.1\ obstacle at right angles to their course, the tenni nal 
growing part became curved for a length of betwccn 
' 3 and ' 4 of an inch (8-10 mm.), measured from the 
apex, This was well shown by the black lines which 
had bc<ln previously painted on them. 'rhe first and 
most obyious explanation of the curmture is, that it 
results merely from the mecllnnical resistance to the 
growth of the radicle ill its original direction. Neyer­
theless, this explanation did not seem to us sutisfaeto~·. 
The radiclcs did not present the appearance of ha\'ing 
been subjected to a sufileicnt pressure to account for 
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their cun'ature; and Sachs has shown - that the 
grollting pll.rt is more rigid than the part immediately 
above which bas ceased to grow, 80 tbat tbe latter 
might hnve been expected to y ield and become curwd 
as 800n as the apex encountered an unyielding object; 
lIt'herez\8 it Wtul the stiff growing purt which became 
curve(l. J\foroover, an object wh ich yields with the 
greatest ease will dellect a radicle: thus, ill! we have 
seen, when the apex of the radicle of the bean 
encountered the polished surface of extremely thill 
tin-foil laid on &Oft sand, no impression WIl8 left on it, 
yet the radicle became deflected at right anglos. A 
scwnd explanation occurred to us, namely, that cvell 
the gentlest pressure might check the growth of the 
apex, nlld in this case growth could continue only 011 

one side, and thus the radicle would assume t\ rectan. 
gular (onll; but this view leaves wholly IIllcx plailled 
the elln'ature of the upper part, cxtendhlg for a length 
of 8-10 wm. 

We were therefore led to suspect that tIle apex 
was sensiti\'e to contact, and that all effect was trans. 
mitted from it to the upper part of the radicle, which 
1IllS thm!! excited to bend away from the touching object. 
..ts a little loop of fine thread hung 0 11 a tendril or 
on the petiole of a leaf-climbing plant, causes it to 
bend, we thought tllat allY small hard object affixed 
to the tip of a radicle, freely suspended and growing 
in damp air, might cause it to bend, if it lI'ere 8Cnsitive, 
IUld yct \Iould not offer any mechanical resistance to 
ita growth. l~ull details will be givon of the experi. 
tDCnts which were tried, 88 the I'CSult proved remark. 
able. Tbe fact of the apex of a. radicle bei ng scnsiti "e 
to oontact has ne\'er been observed, though, lUI we shall 

• 'Arbellcn Dot. Inn. Wiirzburg,' HeftliL 1873, p,89S.. 
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hereafter see, Snehs discovered that the radicle a little 
above the apex is &ellsiti ve, and bends like Il. tendril 
tQU'(lrd, the tou('hillg object. But when one side of the 
apex is pressed by any object, tho growi ng pnrt bends 
away from tho object; and this seems n beautiful 
adaptation for avoiding obstacles in the soil, and, as 
we shnll see, for following tho linCfl of least resistance. 
Mllny orgnllll, when touched, bend in one fixed direc­
tion, such flS the stamons of Berberis, the lobes of 
DionlCa, &c.; and mallY organs, sllch as tendrils, whe­
ther modified leaves or flower-peduncles, and some few 
stems, bend to"·aros n touching object; but no case, 
we believe, is known of an organ bending away from 
a touching olJject. 

Sensitireneu oj t1~ Apez of 1M .Rad~18 of Vida Jaba. 
-Common ooans, i\fter being soaked ill water for 24 h., 
wcre pinned with the hilum downwards (i n the manner 
followed by Sachs), inside the cork lids of ghlss-vessels, 
which were half flUed with water; the sides and the 
cork wore well moistened, and light was excluded. 
As 800n M the beans had protruded mdicles, some to a 
length of less than a tenth of all inch, and others to 
a length of seventl tenths, little squares or oblongs of 
card were affixed to tho short sloping side! of their 
conical tips. 'l'he sqlwres therefore adhered obliquely 
with reference to the longitudinal axis of tho radicle; 
8ml this is tI. very nCOOS8Rry precaution, for if the bits 
or card accidentally became displaced, or wero drawn 
by the vi9Cid matter employed, 80 1\9 to adhere parallel 
to the side of tho radicle, although only a little way 
above the conit..1l.1 npcx, tho rndiclo did not bend in 
tho peculiar manlier which we are here considerin~. 
Squares of about tho ..Arth of an inch (i.e. about l !- mm.). 
or oblong bits of nearly the same size, were found ~ 
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be tbe most couvenient nnd etl'ecth'e. Wo employed 
at first ordillary thin card, such as Yisiting cards, or 
bits of very thin glass, Rnd \'f\rioull othcr objects; but 
nfterwards Mud-paper WM cbiefly cmployed, for it was 
almost lUI stiff as thin card, nnd tho rougheued 8urface 
flwourcd its adhesion. At first 11'0 generally used vcry 
thick gum-water; and this of course, under the cir­
cumstnnces, Ile,'er dried in the least; on tho contrary, 
it sometimes seemed to absorb vapour, 80 tlll\t the bits 
of clud be<:ame separated by a layer of fluid from the 
tip. Whcn there was 110 snch absorption and the card 
lias not displaced, it acted well aud cnused the radicle 
to bend to tho ollrH)site side. I should state thnt 
thick gllm-wnter by itself induces no nctiOll. In most 
cases ilie bits of card were touched with an extremely 
8mall quautity of a solution of shellac in spirits of 
lI'ine, which had been left to evaporate until it WIUI 

thick; it then set hard in a few seconds, and fixed the 
bits of card well, When small drops of the shellac 
,rore plnced on the tips ""ithout any enrd, tbey set into 
hard little beads, and these acted like any otl1or hard 
object, causing tho radicles w bend to tho opposite 
side. Even extremely minute beads of tho shellac 
ocl'flsionally ACted in a slight degree, as will hereafter 
be described, But that it was tho cards whicI1 chieflv 
.... ted in Qur many trials, was proved by coating on~ 
side of tho tip with 0. little bit of goldbeaters' skin 
(I\-hieh by itself hardly aets), and tl1en fixing a bit of 
card to the skin with shellac which ne,'er calll~ into 
contact with the radicle; ue"ert!Jelcss the mdiele bent 
u'ay from tho atto.ched card in the ordinary mnnnor, 

Some preliminary t rials were mAde, presently to 
be d('S{'ribcd, by which the proper temperature \\1Ui 

determined, nnd then tl1e following cxperimenUl were 
made, It should be premised tho.t the beans were 
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always fixed to the cork.lids, for the convenience of 
manipulation, with the edge from whieh the rlldiclo 
and plumule protrudes, outwards; aud it must be 
remembered that owing to what we have called Sachs' 
curvature, the radicles, instead of growing perpendi. 
cularly dowmmrtls, often bend somewhat, even as much 

c. 

Vi.;~ ~~; :: ~~c!~ !,"~i~:~~, I;" C':"~n~~:tot:ec~~~c~:"I!~I,I:i~r:h~ 
tipbeginnlngtobellddo"'lIwardstb'QughtheactiQnof~lropb"'. 

as about 45" inwards, or under the suspended bean. 
Therefore when 8. square of card was fixed to the apex 
in front, tho bowing induced by it coincided with Sachs' 
curvature, and could be distinguished from it only by 
being more strongly pronounced or by occurring more 
quickly. '1'0 avoid this source of doubt, tho squares 
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were fixed either behind, causing t\ curvature in direct 
opposition to that of Sachs', or more oommonly to the 
right or left sides. For tho sake of breyity, we will 
speak of the bits of card, &c., as fixed in front, or 
behind, or laterally. As tho chief curvature of the 
radicle is at (l, little dist!l.nce from the apex, and as 
the extreme tenninai and basal portions are nearly 
straight, it is possible to estimate in Il rongh mllllller 
U16 amount of eurmt1lTo by all angle; alld when it is 
&aid that the radicle became deflceted at allY angle 
from the perpendicular, this implies that the apex was 
turned upwards by 80 many degrees from the down­
~·Ilrd direction which it would natumlly hayo followed, 
Illld to the side opposite to that to which the CIlrd was 
fI.Ilh:ed. That the reader may baye a clear idcn of the 
kind of movement excited by the bits of attached 
card, we append hero accnmte skctches of three ger­
minating beallS thus treated, Rnd selected Ollt of 
ICvcral spooimcns to show the gradations in the 
degrees of CUf\'Rture. We will now giye in detail a 
series of experiments, and afterwllrds a summary of 
tJle resllits. 

Inthefir8t 12trialB, little Ilquares or oblongs of 88ndedcard, 
113 mm. in length, and U; or only <T9 mm. in breadth (i.e. 0(111 
or an inch in lcugth and-06!1 or 1)35 of an inch in breadth) were 
bed 'ii"ith ijhella.e to thetipIJofthe radielCII. In tho ~Ilbeeqlle-nt 
triala the little &quare8 were only OOCI\6ionalIy me-asurerJ, but 
wcrcofaboutlhelllUlloaiw. 

(1.) A young radicle, 4 mm. in length, bad a card fbed be­
hind: after !I h. deflected ill the plaoe in which the bean is 
flattened,5()O from the perpcndicular and from the card, and in 
opposition to Snebs' curvatufC: no chn.uge next morning, 23 h. 
froIu the Umeofatta.ehmcnt. 

(2.) Radicle 6'5 mm. in length, .... rd fixed behind: aner 9 h. 
ddetted in the plane of tho bea.n 20" from the perpendienlar 
and from the card, and in Ollpo!lition to Sachs' cnrvature: after 
iSh. nochAlIg(l. 
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(3.) Radicio11 mm. in length, card fixed behind: Ilficr91l. 
deflootedin the plane of tho bean 40" from the perpendicular 
and from the card, lind in oppoaition to SMhs' cunature. The 
tip of tho radicle more curved than the upper port, but in the 
6&I1l0 plane. After 23 h. the extreme tip W8.'! alij.!htly bent to. 
ward!! the CIl.rd; the general curvature of the radicle rellUlilling 
the Mine. 

(4.) Radiclo 9 min. long, card fixed behind and a little 
laterally: after 9 h. deflected ill the plnne of the bean only 
about 70 or 8° from the perpendicular and from the card, in 
0ppo!!ition to Sachs' curmture. There was in addition a @light 
lateral cunatuM diI"OOted partly from the card. After 23 h. no 
change. 

(5.) Radicle 8 mm. lon!;, card aflh:ed almOl'lt laterally: af~r 
9 h. deflected SO" from tho perpendicular, in tho plane of the 
bean and in oppollition 10 Sachll' cnr"atuf(l; nlao deflected in a 
1)lane at right angles to the above one, 20" from the perpen_ 
dicular: after 23 h. no change. 

(6.) Radicle 9 mm. long, CIl.rd affixed in frollt: IIftor 9 h. d~ 
fleetod ill the plano of the bean about 40" from the vertical, 
awa.y from the card and in tho direction of &chll' curvature. 
Hero therefore we have no evidence of the card being the 
cause of the deflection, excopt that a mdicle ne'l""er mO'l"(J8 
I!pOIltanoollllly, as far as we have BOOn, as much as 4lJ> in the 
coUl"!lOof9h. After 23 h. no change. 

(1.) Radicle 7 mm. long, card affixed to the back: aner 9 h. 
the terminal part of tll& radicle ddlocted in the plane of tlv:l 
bee.n 2O"from the vertkal,a"'ay from the card and ill oppollition 
to Sachs' curvature. After 22 h. 30 m. tbi~ part of the radicle 
h~booomel;lraight. 

(8.) Radiele 12 mm.loDg, card affixed almost laterally: aftef 
9 h. deflooted laterally in a plane at right IInglOil to tllat of the 
bron between 400 and 50" from the vertical and from the card. 
In the plane of the bron itself the deflection amounted to 8° Of 
~° CroIJ\ the vertical and from the CIl.rd,inOPJXlSition to Sacha' 
curvature. After 22 h. 30 In. the extreme tip had booome 
sliglltlyclu\'ed towarda tho card. 

(9.) Card fixed lateraUy: after 11 h. 30 m. no effect, the 
radicle beingstiU alIllOl!t vertical. 

( 10.) Card fixed alm()(lt laterally: after llh. 30m. deflected 
90" from the vertical and from the card, in fl I)itme iuter­
mediate betwoon that of the bron itself and one at righi 

c The Complete Work of Charles Darwin Online 



CIuI'. Uf. OF TilE llADlCLE OF TU.: DF..A...... 137 

Inv1es to Il Radide MlllIt'qucntly partially deflocted from 
I-Mhll'eUl"Tlllure. 

(11.) Til) of radicle protected willi goldlloaten' ~k;u, with II. 

square of card of tlie usual dimension5 nfDxed with 8bella.c: 
after 11 II. greatly dell.ected in tho plane of the boRn, in the 
din:x:tion of So.ehll' cunature, but to a mlleh greater degree and 
iolelllltimetllimeveroccul"8spontanooU.8ly. 

(12.) 'l'ip of rAdicle protected as in IfUlt ell.llC: after lIh. Il{I 

eil"ect,bntnfter2lh.40m. radicle clearly defloowt from the 
card. Thill 1110\\' action W1lll probahly dlle to a portion of the 
goldbco.terll' IIkin hnving cuded round and lightly touched the 
oppollitc aide of tho tip and thU8irritated it. 

(IS.) A rndiele of ooDliidCJ'!l.ble leu~h III~d .. ~DlI\I1 square of 
eard fixed with 8ilcllae 10 itup!lX laterally: after 0111,..7 h.15m. 
I length of·4, of In inch [rom the apex, ffiC&$urcd along the 
mid·1ie, 1II"1l8 oonaideJ'll,bly curved from the 6ide bearing the card. 

(u.) CMo like the laat in all reepeetll, eX('('I)t 1I1at. length of 
ooly·2.";ofllninchoflherndiclcwuthulldefleclod 

(15.) A IImal) squal'll of card fixod \\·ith ~hellac to the apc% of 
I young radicle ; after 'J h. 15 m. deflootcd lhrollFl1 flO" from the 
JK'rpendiClllar lind from the card. After21h.deflootion Dlllch 
derreucd, and after au additiomd day, reduced 10 23° from the 
pel')lCudicnlar. 

(16.) Squal'O of ~rd fixed with .llel1ac l>eltind the apex of a 
radl('!o, ""Ilieh from itt position hAving heel! chlnged. during 
Growth had IJccome Tcry crooked; but the tcr.uiual IlOrtioa 
lFlII slraighl, an,1 thill be!'nllle deflccte<l to about 45° from 
lbe rlfrPOlidicular and from the card, in oVl)()IJition to Sachs' 
Oltrtallll'(). 

(17.) &]\1&1'0 of card affixed ,.-jlh shellac: alter 8 h. radiclo 
catTed At right anglell from the perpendicular aud from the 
e.rd ,Arter l~ additional houri:! cUfl·alllN! milch dooronsOO. 

(l8.) Square of card affixed wilh Iibe1Jac: after 8h. JIO effoct; 
.rter 23 h. 8 ffi. !'rom time of affixing, ra.dk:le much cun-ed from 
tbelfJ,nare. 

(19.) Square of card affixed witll shellac: aftcr 2-1 h. no effect, 
bat the radicle llad Ilot grown well and IIOCmoo flick!y. 
~.) Square of card a1Iixed with ahellac: after 21 Ii. 110 efl"oct. 
(21, 2"1) Squa!"elll of card affixed with ahe!lac: Ifter 24. h. 

nditlM of both curved at about 46° from tbe perl'elldieularand 
fromlheC4m 
~.) SqlllllO of card fu::ed with ahellac to youn&, radicle: after 
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\lh. very slightly curved from tho card; after Uh. tip curved 
towards card.. Refixed now squo.ro laterally, Mwr 9h. distinctly 
cun-oo from the card, and aftm 2·1 h. curved at right anglea from 
tho perpendicnlar and from tho card.. 

(2·l) A rathe.r large oblong pioceof eardfixed withshollacro 
apex: after U h. no olfoot, but tho card was fonlld not to be 
touching the apex. A t;Illali square was now refixed with 
sholloo; after 16 h. slight deflection from the perpendicnlar 
and from the eard. After an additional day tho radiclo became 
alm08tstraight. 

(25.) Square of CIIrd fixed lawral1y to apex of young radicle; 
afte:r \l h. defloction from the perpendicular oonsiderable; after 
2.J, h. deflection reduced. Rofixed a fresh squsre with shellac: 
afior 21h. deflection about 40" from the perpendicular and from 
the card. 

(26.) A very small square of card. fixed with shellac to apex of 
young radiclo: II.ftcr 9 h. tho doflection from tho perpendicnlll.r 
Illld from tho card IlmountOO. to ncarly a right angle; after 2,1, h_ 
defloction much reduced; after an addition&!. U h. radiclo II.lmo6t 
straight. 

('D.) Square of card fixed with shellac to apex of young 
radicle: after!l h. deflection from the cardand from the perpen· 
dicnlar a right angle; next morning quite stmigl.t. Refixoo 
a sqnare laterally with shellac; after 9h. a little defiection, 
which after U h. incroo.sod to nearly 200 from the perpendicular 
Illld from the card. 

(28.) Square of card fixed with shellac; after 9 h. BOrne 
deflection; next morning the eard dropped off; refixed it with 
shellac; it again becamo loose and was reOxcd; and now on the 
third. trial the radicle was doflected after 14h.at right anglea 
fromtheea:rd. 

(29.) A IlUlIIll square of card was first fixed with thick gum­
water 1.0 tho apex. It producOO. a slight effect bnt Q()On fell 
off. A similar square was now affixed laterally with shellfIG: 
aftor 9 h. the radicle was deflected nearly 46° from tho perpen­
dicnlar and from the card. After 86 additional honn angle of 
deflection reduced to about 30". 

(30.) A very slOOll piece, less than nth of an inch aqnare, of 
thin tin-foil fixod with shellao to the apex of a young radicle; 
after Uh. no effect Tin-foil removed, sud a small square of 
sandoJ. card fixed with shellac; after 9 h. deflection at nlllul, 
right anglca from the perpendicular and from tho card. Nan 
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morning defioction reduced to about 40" from the perpcn. 
dicular. 

(31.) A spliuter of thin glass gummed to alleX, after 9 h. no 
IIfcct, but it waa then found uo\ to be touching the apex ot the 
radicle. Next morning a /!qttal'l,l of card WR8 fixed with shellac 
to it, and lifter !! h. radicle greatly deflected from the card. 
After tl\'O additional daYB the detloction had decrce.sod lind WII8 

(IIly85°fromthepe'1lClI(licular. 
(82.) SmlllllSqllnre of 8Ilonded card, attached with thick gum­

water Iatera!!y to the "'1lC.l of a long straight radicle: after !! h. 
greatly deflected from the perpendicular and from tbe card. 
Curvature ext(lIldod for a length of '22 of an inch from the 
Ipel:. Arter 11 additional houn Iorminal portion deflected a~ 
rlgbtangl08fromtheperpcndicul&r. NextmorningtheclU"l'ed 
JXltlioowu'86in length. 

(88.) Square of card gummed to apex:: after 15 b. deflected at 
De&riy9O"fromthoperpendicularandfroml.hocard. 

(Sl) Small oblong of 8Ilonded card gummed to apex: after 
15h. defiectod !)()'> from tb.e perpendicular and from the caxd: 
in the course of the throe follOwing daya tho terminal portion 
becamo milch contorted and ultimately coiled into a heliL 

(85.) So:luaw of card gummed to IlPOX: a!ter!! h. dellected from 
oard: after 24 h. from timo of attll(:hment greatly deflected 
obliqnely and partly in oppo6ition to Sacha' eun .. turo. 

(3G.) Smnll piooe of card, ratb.er 1_ tblUl nth of an inch 
~\1a.n), l.'1lmmed to apex: in 9 h. considerably defiocted !rom 
eanI. and in Ollpolition to Sachs' curraturoj after 2-1 h. greatly 
deftectod in too tame direction. After an additional day too 
Gtreme tip was eW'Ted toward.H tho card. 

(87.) Square of card, gummed to a)lex in front., cansed after 
8 h. 00 m. hardly any clfectj refixed lro8h /!quare laterally, after 
IS b. deftecWd almOllt 00" from tbe IlCrpoudieular and from too 
card. Aftu 2 additional days deflection much reduoed. 

(38.) SqUAre or card gummed toallO!:: after !I h. much detleo­
tion, whichafter :!iil.from time of firing inercasodto nearly 
roo. After an additional day lenninal portion was curled into 
It loop, and on the following day into a helix. 

(39.) SmaU oblong llioce of card gummed to apex, Doorly in 
front, but a little to ono sido; in !I h. slightly deflected in tbo 
direction of Sachs' cW'Taturo, bnt ratber obliquely, &nd to 
Iide oppor!.ite to card. Next day mol'O curved in the 8IUll(I 

dinetion, and after 2 additional day. coiled into a ring. 
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00.) Square of c&1'(\ gummed to apex: after !I h. aligblly 
cun'OO from card; nut monling rndiclo Btmighl, find apex hftd 
!-"1'Own beyond thc OII.rd. Defiled I!.notbcr equaTe latcrally with 
fliiolla.e; in !I h. dofloetodlatemlly, but nll.OO ill the directiollof 
Sach.' curvature. After 2 lIdditional days' curvature oonsidCJ".. 
ably inerelllllld in tbe _me direction. 

(tL) Little 8qllBre of tin-foil fixed witb gum to one llide of 
apex of A young aud llbon radicle: after 15 h. nO effect, but 
tin-foil had booome d.i.qllaced.. A little .. uare of card WlIS DOW 
b'mmncd to ODe Mdc of apex, whicb after 8 h. 40 m. "'AS slightly 
detlooted; in 24 h. from tho time of attachment dctlected at 90" 
fronl the perpclldiculflf find from tho caw; aftcr 9 sdditionnJ 
houra beenmo hooked, with the Ape;!.: pointing to thc zenith. In 
8 dars from the time of attachmeut the tcrminall)()rtion of the 
radicle fonned " ring or circle. 

(42.) .A little lIquare of tbick letter-paper gummed to the 
opex of a radicle, which after 9 h. WI\IJ deflected from it. In 
21 h. from time Then the paper ..... 1\a affixed the deflection much 
incrmse<i, and aftcr 2 AdditiollAi days it amoUllted to 00' froln 
the perllCndiCIIJAr alld from the paper. 

(48.) A narrow chip of a quill was fixed with sheline to the 
ape;!.: of a radicle. Aftu!) Ii. no cffwt; afier 2-l h. moderate 
dCftOCtiOD, but now the quill bad ceased to toueh the apeX. 
Uemo1"cd quill and gummed a little lIqunl1l of card to llpex, 
which after 8 h. ca'*ld fIlight deflection. On the fourih day 
from the fiI1lt attachment of ADy o\:tiect, the atreme tip WU 
curvootoTarolllhocnrd. 

(44.) A rather long and narrow 3plintcr of extremely tbin 
!;lRIJ8, /bod with shcllac to npex, it CIIlUIOd in !) b. slight 
deftootion, wbich di8RJlpe.arod in 24. h.; the SI)lintcr was then 
found not touch.ing tho aJICL It 'In~s twioo rctil:ed, with nearly 
similar n:!~ulu, that is, it co.lllIOd slight deBeclion, which 800ll 
disappeared. On \llil fourth day [rom lhe tilDe of first attach­
ment the tip Taa bent to ... rdJ the splinter. 

:From these experiments it is clear thnt the apex of 
the rodicle of tho belln is scnsitiye to contact, and 
that it CIluseS the upper part to bend (Lwny from the 

touching object. But befure giving a sUlllmary of the 
results, it will be COlwcnient briefly to gi,'c a few other 
obsen'lltioDS. Bitso( ,'erythiu glt\S88ud little !iCtuaret 
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of common card were affixed with thick gum-wawr to 
the tips of the mdieles of seven beans, as a. pre­
limino.ry trial. Six of theso were plninly o.cOOd on, 
and in two co..ses the radiclos became coiled up into 
complete loops. One radicle WIUI curved into a semi­
circle in 80 short a period as 6 h. 10 m. The 
lICyenth rndicle wllich wttS not atTootecl was apJ»1rently 
aickly, lUI it becamo brown on the following di~y; ao 
that it formed DO real exception. Some of these trials 
... ere nmde in tho early spring during cold woother in 
a sitting-room, and otners in a greenhouse, but the 
iempenlture was not recorded. 'fheso six striking 
cmes almost convinced us that the apex WM sensitive, 
but of OOllrso wo determined w make mllny more trinls. 
As we 11I~d noticed that the radicles grew much more 
quickly when subjected to considerable heat, and as 
we imagined that hcat would increase their 8(!nsitiY~ 
ne8:l, \'c!I8Cis with germinatin g benns suspended in 
damp nir were placed on a chimney-picee. where they 
were subjected during the greater p6rt of the duy to a 
kmperature of between 69" and 7T .P.; some, ho\\­
ever, were plaeed in tho hot-house where tho temper!\­
turn was rather higher. Above two dozen benns were 
thus tried j and when a. square of glass or card did 
nut act, it Willi remo\'ed, and a fresh one affixed, this 
being often dono thrice to tho same radicle. There­
lure between five and six dozl'n trials were altogether 
made. But thero was moderately distinct deftcetion 
from the I>crpondiculllr and from the attached object 
in only one radicle out of this large number of cases. 
In five other cases there was very lflight and doubtful 
d .. fiection. We were astonished at this result, and 
4lOncluded that we had made some inexplicable mis­
sake in tho first six experiments. But before finally 
relinquishing the snbject, we resolved to make ono 
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other trial, for it occurred to US that sensitiveness is 
easily affected by extemal conditions, and that radicles 
growing naturally in the earth in the early spring 
would not be subjected to a temperature nearly so 
high as 700 F. We therefore allowed the radicles 
of 12 beans to grow at a tempernture of between 
550 and 600 F. The result was that in everyone of 
these cases (included in the above-dcscribed experi­
menU!) the radicle was deflected in the course of a few 
hours from the attached object. All the al)()Ye re­
corded successful trials, and some others presently to 
be given, were made in a sitting-room at the tempera­
tures just spcciHed. It therefore appears that a tem­
perature of about., or rather above, 70" F. destroys 
the $Cnsitiveness of the rndicles, either directly, or 
indirectly through abnormally accelerated gro1\1h; 
and this curious fact probably explains why ·Sachs, 
who expressly states that his beans were kept at a 
high temperature, failed to detect the sensitiveness of 
the apex of the radicle, 

But other causes interfere with this sensibility. 
Eighteen radicles were tried with little squares of 
sanded card, some affixed with shellac and some with 
gum-water, durillg the few last days of 1878, and few 
Hrst days of the next yenr. 'fhey were kept in a room 
at the proper temperature during tho day, but were 
probably too cold at night,as there was a hard frost at 
the time, Tho radicles looked healthy but grew very 
slowly. 'fhe result was that only 6 out of the 18 
wero deflected from the attached cards, and this only 
to a. slight degree and at a. very slow rate, These 
radicles thereforo presented a striking contrast with 
Ole 44 abovo described, On March Gth and 7th, when 
the temperature of the room varied between 53~ and 
590 :F" clevell germinating beans were tried in the 
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same manner, and now eYcry one of the radieles 
became curved away from the cards, though ono Wag 

only slightly deflected. Some horticuJturists belim-e 
that certain kinds of seeds will not genniuate pro­
perly in the middle of tho winter, although ke}lt at a 
right temperature. If there really is any proper period 
(or the germination of the beall, the f(!(lblc degree of 
aensibility of tho above radicles may have resulted 
from the trial haying been made in the middle of the 
winter, nnd Ilohimply from the nights being too cold. 
Lastlv, the radicle! of four beans, which from some 
innat~ cause germinated later than all tho others of 
the saDIe lot, and which grew slowly though appcaring 
healthy, wcre similarly tried, sud e\'en after 24 h. they 
.. ere hardly at nil deflected from the attached cards. 
We Dlay tllcreforo infer that any callSO which renders 
the growth of the rodiclcs cither slower or more rapid 
thall tho normal ratc, lessens or allnuls the scnsibility 
of their tips to contact.. It deserves particular atten­
tion that when the nttAched objects fniled to nct, there 
.as no bending of any l-ind, excepting &chs' curn!.. 
ture. 1'ho force of onr evidcnoo would haye been 
greatly weakened if occasionally, though rarely, the 
radicles had become cnn'cd in SIlY direction inde­
pendently of tho attached objects. In the foregoing 
numbered parngrnpbs, however, it may be observed 
that the cxtremc tip sometimes becomcs, aftcr tl. con. 
siderable iutcrmJ of timc, abruptly cur,'oo towards the 
bit of card; bllt tllis is a totally distinct phcnomcnon, 
&8 "'ill prescntly be explained, 

Summary of ti,e llesulu of the foregoing FAperi/1lent& 
011 1M Radicle, of Viciafaba.-Altogethcr little squares 
(about iuth of an inch), generally of sanded paper 
.. stitT as thin card (betwocn '15 and '20 mm. in 
thickness), sometimes of ordinary card, or little frog . 
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menta of ycry thin glass, &e., were affixed at different 
times to one side of the conical tips of 55 rodic.les. 
'rhe 11 last-mentioned cases, bllt not the preliminary 
onos, aro here included. 'fhe squares, &c., were most 
OOllllDouly affixed with shellnc, but in 10 cases with 
thick gum-Imter. When tho latter WM used, tho 
squares were sometimes found, Il8 pro\'ionsly stated. 
U) be scparaied from tho apex by t\ lnyer of thick 
fluid, 80 that there was 110 contnct, and couso­
quently no bending of the mdjcle; nnd such felll 
ctI8eII were not recorded. But in every instance in 
whieh shellac Wi\8 employed, unless the square fell 
off yory soon, tho result 11'89 recorded. In sovorol 
inSw,llces when tho squares became displuced, 90 fL8 

to stand parallel to the radicle, or were IICpRroted by 
fluid from the "pelt, or 500U fell off, f!'(!flh squares 
wore nttachNl, and these CiI8CIJ (described under tho 
numbered paragraphs) ate here included. Out of 
55 rt\(licles experimented on under tho proper t(lll1~ 
mtnre, 52 became bent, generally to a considemblo 
olttellt from the perpendicular, and awa.y from tho 
side to which the object WOJ! aUnc1led. Of the t11.roo 
failurctl, ono call be accounted for, (IS the radicle 
became siekly on the following day; and a second 
Wi\8 obsencd only during 11 h. 30 m. As in iWveral 
CMOS the tcnninal growing part of tho radicle continuod 
for SOIllO time to bend from the attnchNi object, it 
fonned iteclf into fL hook, with the apex pointing to 
the 7.enith,or even into a ring, and occnsionally into a 
spiro or helix. It is remarkable that the80 latter CIl.8CII 

occurred more frequently when objects were attached 
with thick gum-water, which never became dry, than 
when shcllac WM employed. '!'he cun'sture WM ofien 
well-mnrked in fIom 7 h. to 11 h.; and in one instance 
Il semicircle was formed ill 6 h. 10 m. from the time 
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of attachment. But in order to see the phenomenon 
(L;j well displayed as in the abm'e described ellSes, it i .. 
indispensaule that the bits of card, &c., should Ix­
made to adl1ere closely to one side of the <:onie,ll 
apex; that healthy rndicles should be selected find 
kept at I)ot too high or too Iowa temperature, und 
IlJlJlnrently that the trials should not be made in the 
midd le of the II inter. 

In ten instances, mdicles which had curved aWl1\" 
from a square of card or other object attached to the{r 
till3, straightened themselves to a certain axtellt·, or 
€-"I"~n OOlllplCltely, in the cowse of from olle to two days 
hum the time of attachment. 1'his was more C8pe­
('ially fll)t to occnr when the curl'ature WIl8 slight. 
But in one instance (No. 27) a radicle which in 9 h. 
had been deflected about 90~ from the perpendicular, 
Lecame quite straight ill 24 h. from the period of 
attachment. With No. 26, the radicle was almost 
~tnl.ight in48 h. We at first attributed the straigbten­
in~ pwcesa to the radicles becoming accustomed to a 
slight stimulus, in the same manner as II. tendril or 
1IO.·Il:sitil'e petiole becomes accustomed to 0. vcry light 
1(01) of thread, and unbends itself though the loop 
~mains8tillsuspended; but Sachs states· thatmdicle;; 
oC the bean placed horizontil.lly in damp air after 
curl'jng downwards through geotropism, straighten 
themselves I~ little by growth along. their lower or 
oonclL\"e sides. Why tlLis should occur is not clear; 
hut perhaJls it likewise occurred in the above ten 
~ 'l'IICre is o.nother occasional 1ll0\'cmeut which 
muat not be Jla.ssed o\'er; the tip of the radicle, for a 
length of from 2 to 3 nuu., was found in six instances,. 

• '/ubeilell SoL Indit .. Wiirzburg: Hen iiL p. 4~ 
L 
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after an intcrval of aoout 24 or more hours, bent 
towards the bit of still attached card,-that is, in a 
direction exactly opposite to the previously induced 
cun'alure of the whole growiug part for a Icngth of 
from 7 to 8 mm. This occurred chiefly whell tho first 
curvature was small, and when an object had been 
afib:cd more dum ollce to the apex of the same rodicle. 
The attachment of a bit of card by shelJac to one 
side of tho tender apex mlly IKlmctimcs mechanically 
prevent its growth; or the appliCl.ltion of thick gum­
water more than 01100 to the same sido Illay injure it; 
aud then checked growth 011 this side with continued 
growth Oil the op[lOSite and unaffected side would 
acconnt for the rcyerscd cun'uture of the apex. 

Various trials were made for ascertaining, as far 
lUI we could, the nature and dcgree of irritation to 
which the apex must 00 subjected, in order that the 
terminal growing part should bt!nd away, as if to 
avoid the cause of irritation. We hal'e seen in the 
numbered experiments, that a little square of rather 
thick letter-paper gummed to the apex induced. 
though slowly, considerable deflection. Judging from 
several cases in which various objects had been affixed 
with glllll, and had SOOIl become separated from the 
apex by a larer of flllid, as weU as from 8O1ll0 triall 
in which drops of thick gum-water alone hnd been 
applied, this fluid never causes bending. We have 
also SOOIl ill the Illunbercd experiments that narrow 
splinters of quill and of very ihin glass, affixed with 
sheline, caused only a slight degree of deflection, and 
this may perhaps have been duo to the sbeu.o 
itself. Little squares of goldbeatcrs' skin, which ill 
exccssi\'ely thin, were damped, and thus made to 
adhere to one side of the tips of two radicles; one ~ 
these, .after 24 h., produeed no cffcet; uor did the 
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othcr in 8 h., withiu which time squares of card usually 
'act; but aftef 24. h. there was slight deflection. 

Au ovaJ bead, or rather cake, of dried shdlnc, 
1'01 mm. in Icngth 8ud O· 63 iu bread til, caused a 
radicle to becomo deflected at nearly rigllt angles in 
the course of only 6 h.; but after 23 h. it had ncarly 
atmightcned il8clf. A very small qUllntity of dissolved 
shellnc WIlS spread O\"er a bit of card, and tho tips of 
9 radicles wore touched laterally \lith it; on ly two of 
them bccrullO sl ightly deflected to tho side opposite 
kt that benring the speck of dried sheliac, snd they 
af"terwards straightened themsch·es. These specks 
were remo"ed, and both together weighed less than 
T~th of a groin; 80 that a weight of rather leS.!! 
thau I!tC/th of a grain (0'32 mgs.) sufficed to excite 
UlO"CIllCllt in two Ollt of tho nino radicles. Here 
thcn we havo apparently reached ncarly the minimum 
weight which will act.. 

.A moderately thick bristle (which on mcasurement 
was fOUJl(1 rather flattened, being 0'33 mm. in one 
diameter, and 0'20 mm. in tile other) was cut into 
kong-tbs of about "2\ .. -th of an inch. These after being 
iwched \\ith thick gum-water, were placed 011 the tips 
oi clewn rndicles. l'bree of them were affected; one 
being deflected in 8 h. 15 m. to an angle of about !)()" 
from tho pefpendicular; a second to tho samo ll.JllOllnt 
.hell looked at after 9 h.; bllt after 24 h. from the 
time of first attachment the deflection hnd decrcllSed 
to ouly 19°; the third WIlS only slightly deflected 
liter 9 h., and tho bit of bristlo was then found not 
&oo.ching tho npex; it was replaced, and after 15 
Idditiollal hours the deflection amOllnted to 26° from 
the perpendicular. l'he remaining eight radiclcs. 
were not at aJl acted on by the bits of bristle, 80 that 
we here appear to haye neurly reached the minimum 

L 2 
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of size of an object whieh will flct 011 the radicle of 
the beall. But it is remarkable that "hell the bits of 
bristle did net, that they should haye acted so quickly 
I\nd efficiently. 

As the apex of a ratiieifl in penetrntin~ the ground 
mllst be pressed on all sides, we wished to learn 
whether it oould distinguish between harder or more 
f(';;illting, and softer substances. A sqnare of the sanded 
pnper, almost as still' as enro, nud a square of extremely 
thin paper (too thin for writing on), of eXiletly the 
,;l\lI\e size (about !kth of fln inch), were fixed with 
shcllne on opposite sides of the apices of 12 suspended 
radicle&. The sanded card was betwccn O· 15 find 
0'20 nun. (or between 0'0059 IlUd O'OOiO of an inch), 
and the thin paper only 0'045 mm. (or 0-00176 of an 
inch) in thickness. In 8 out of the 12 CftSeS there 
('ould be no doubt that tIle radicle was deflected from 
the side to which the card-like paper was attached, and 
towards the opposite sidc, bearing tile Yery thin paper. 
'l'his oceurred in some instances in 9 h., but in otherll 
not llUtU 24. h. had elapsed. Moreover, BOrne of the 
fVllr failures can hardly be considered as really fnillltefl: 
thus, in one of them, in which the radicle remained 
quite straight, the sq'lare of thin I)l\pcr was found, 
II hen both were removed from the opcx, to hove been 
so thickly cooted with shellac that it Wll9 almost fI8 

stiff MI the card: in the sccond Case, tile radicle was 
bent upwards into a semicircle, but the defleetion 
"as not directly from the side bearing the card, and 
lhis was explained by the two squares hEwing beeome 
(·(>Inented laterally together, forming !l. sort of stift' 
gable, from which tho radicle was deflected: in the 
IJlird case, the square of card had been fixed by 
mistake in frollt, alld though there was deflectWn 
from it, this might have been due to Sachs' curvature : 
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ill the fourth case alone no reason could he nasignoo 
why the rIl.(licle had not been at all def1eeted. 'fhese 
(:xperiments suffice to prove that the apex of the 
l'lldiclo possesses the extrnordinary power of discri­
minating between thin card and yery thin pa.per, and 
is deflected from the side pressed by tho more re­
sisting or harder substancc. 

Some trinls Irere next ma.de by irritating the tips 
,rithout any oLjeet being left in contact with thew. 
Nino radicles, suspended oyer water, had their tips 
rubbed, each six times with a noodle, with sufficient 
force to shake the whole bean; the temperature was 
favourable, viz. about 63" F. In 7 out of these cases 
no efl'cct whatever was produced; in the eighth case 
the radicle became slightly deflected from, and in the 
ninth ~ slightly deflected towards, the rubbed side; 
bui these two hltter opposed curvatures were prohably 
accidental, lUI radicles do not always grow perfectly 
straight dOll'llwurds. 'fhe tips of two other rtl.diclcs 
"-ere rubbed in the Slime lJ)ftJlllcr for 15 8000nds with 
a little rouud tl\ig, two others for 30 8OOOuds, and two 
f)thers for 1 minute, but without auy effect being pro­
dul'e<l. We may therefore conclude (rom these 15 
trials that the l'lldicles Ill'6 not sensitive to temporary 
OODhlCt, but nre acted au only by prolouged, though 
'cry slight, pressure. 

We then tried the eft'ecta of cutting oft' a very thin 
tli('"e parallel to ouo of the sloping sides of the apex, 
u we thought that the wound would CAuse llrolonged 
irritation, which might induce bending towards the 
.,ppusite side, lUI in the case of an attached object. 
T,,·!) preliminary trials were mado: firstly, sliccs were 
t'Ut from tho nldicles of 6 beaus suspended in damp 
air, lI"ith a pair of scissors, which, though sharp, 
prube.bly caused cousidemble crushing, and no curm-
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tllre followed. Secondly, thin slices were cut with 0. 

razor obliquely otT tho tips of three radicles simililrly 
suspended; and after 44 h. two wero found plainly 
bent from the sliced surfnce; and the third, the whole 
apex of which had been cut off obliquely by accident, 
was curled upwards over the bean, bnt it was not 
cloorl y ascertained whether the cun'ature had been at 
first directed from tho cut surfilCC. 'fhCflO results led 
us to pursue tho experiment., and 18 radicles, which 
had grown vcrtioolly downwards in damp a ir, had ono 
side of their conical tips sliccd off with 0. razor. 'I.'ho 
tips were allowed just to enter tho water in the jars, 
and they were exposed to a temperature 14°_16~ C. 
(tiP- 6lo F.). 'fho obsermtions were made at dif· 
ferent times. Three were examined ]2 h. after being 
sliced, and were aU slightl y curved from tho cut 
surfnce; and tho curvature increased considerably after 
an additional 12 h. E ight were examined after 19 h.; 
four afier 22 h. 30 m.; and three after 25 h. The 
final result was that out of the 18 radic1es thug tried, 
13 were l>lainly bent from the cut surface after the 
aoo\'o intervals of timo; and one other became 80 

after an additional interval of 13 h. 30 m. So thai 
only 4 out of tho 18 rndicles were not acted on. To 
these 18 cases tho 3 previonsly mcntionod ones should 
be addcd. It may, therefore, be concluded that a thin 
slice removed. by a rozer from one side of tho conical 
apex of the radiclo OOlises irritation, like that from an 
attached object,and inducescnrmture from the injured 
surface. 

Lastly, dry CIlustic (nitrate of silver) was employed 
to irritate olle side of t he apex. If ono side of the 
a.pex or of the wholo tenninal growing part of a 
radicle, is by any moolU killed or btully injured, the 
other sido continuC8 to grow; and this causes tho pan 
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to bend over towards the injured side.- But in th« 
following experiments we endeIH'oured, genemlly with 
8UCcess, to irritllte the tips Oil one side, without badly 
injuring them. 'fhis WIUI effected by first drying the 
tip 11S fnr as possible with blotting-paper, though it still 
remained somewhat damp, and then touching it once 
.-ilh quite dry causlic. Seventeen rru:licles wero thus 
treated, and were suspended ill moist ai r oyer water at 
a tempemturo of 58 ~ .P. 'l'hey were examined after 
an inlen-al of 21 h. or 24 h. Tho tips of two were 
found blackened equally all round, so that they oould 
It' ll nothing and were rejected, 15 being left. Of 
these, 10 were ellrved from tho side which had been 
touched, where there was n. minute brown or blackish 
mark. Fi \'c of these nuiicies, three of which were 
already slight ly deHeeted, were allowed to enter the 
nter in the jar, and were re-examined after an addi­
tiunal intervnl of 27 h. (i .e. in 48 h. after tho appJi­
tatioll of the caustic), and now four of them had 
become hooked, being bent from the discoloured side 
with their points directed to the zenith; the fifth 
remAined unaffected and straight.. 'l'hus 11 nu:licles 
ont of the 15 were acted all. But the curvature of 
tbt' four just described was so pinin, tbat they alone 
would havo sufficed to show that the rodic1es of the 
bean bend away from that side of tho apex which hIlS 
been slightly irritated by CI\lIstic. 

1M pou:er of an. I rritant on tlltJ apn of tl~ BadU:le 
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of thlJ Bean, ecmpared u:ith that of Ototro-pUm.-We 
know that when fI. littlo square of card or other 
object is fixed to ono side of the t ip of fI. vertically 
'lependent radicle, tho growing part bends from it 
often into a semicircle, in opposition to geotropism. 
which force is conquered by the efleet of the iITi· 
Mtion from tho aWl.ched object. Radiclcs were there­
foro extended horizontally in damp air, kept fit 
the proper low temperature for full sensitiveness, 
fi nd IKJllares of cnrd wero affixed with shollac on the 
loo:er sides of their tips, 80 that if t he IKJuarcs 
acted, tho terminal growing part would curve upwards. 
Firstly, eight beans were 80 placed that their short, 
young, hori7,OnWly extended radiclcs wonld be simul· 
tfilleouilly acted on both by geotropism and by Sachs' 
cnr\'atnre, if tho latter came into play; and they all 
eight becamo bowed downwards to the centro of the 
ellrth in 20 h., excepting one which was only sl ightly 
ilcteel on. Two of them wero a little bowed dow1lwards 
in only 5 h.! 'l'herefore the cards, affixed to the lower 
sides of their tips, seemed to produce no effect; and 
geotropism easily conquered the effects of the irritation 
thus caused. Secondly, 5 oldish mdiclcs, 1; inch in 
lengtll, and therefore IC88 sensitive thnn the abo\"e­
mcn tioned young ones, were similarly placod and 
lIimi larly treated. E'rom what hM been IIOCn on many 
other occasionll, it llIay be safely inferred that if they 
ht\d been suspended \'crtiCfiUy they would have ben' 
away from the cards; and if they had been extended 
horizontally, without Cfinh attached to them, they 
would haye quickly bent vcrtiCfilly downwws througb 
gootropism; but the result was that two of these 
nulicles were still hori7.ontal after 23 11.; two were 
curved only slightly, and the fifth liS much as 40" 
beneath the horizon. Thirdly, 5 beans were fastened 
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with their flat surfo.ces parallel to the oork.Hd, 80 that 
Sachs' curyature would not tend to mako tho hori­
zontally extended radicles tum either upwards or 
dOWIlWnMs, and little squares of card were anixed as 
before, to tho lower sides of their tips. The result 
lilts that aU fivo radicles were bent down, or towards 
the centre of tl10 earth, ufter only 8 h. 20 Ill. At 
the sllme time and within tho same jars, 3 mdicles of 
tbe same age, with sqllares aftixed to olle side, were 
IU8j)ended yerticall y; and after 8 h. 20 m. they were 
considerably deflected from the cards, autl therefore 
curved upwards in opposition to gootropism. In these 
lutter cases the irritation from tho squares hud oyer· 
llOlI'ered geotropism; whilst in the former cases, in 
~'hich the radiclea were extended. horizontally, goo­
trol,ism had overpowered the irritation. Thus "ithin 
tho SIlme jars, some of tho mdicles were curving 
upwards alld others downwards Ilt the SIlmo time-­
these oppoeite mOl'cments depending on whether the 
radicles, whel\ the 8(luares were first attached to them, 
)IMjcded YCrtiClllly down, or wcre extendcd horizon· 
tally. This difference in their behaviour seems at first 
ine:qllicublc, but CIlIl, we heBOl'C, he simply eX)llained 
by the difl'erenco between the initial power of the two 
(OfCi?8 uuder the above circumstances, combined with 
the well·known principle of the after-efi'ects of a sti­
mu1us. When fL youllg and sensitive radicle is extcnded 
horizontally, with a square attached to the lower side 
of the tip, geotropism acts 011 it at right angles, and, 
II we hlwe seen, is then evidcntly lIloro efficient than 
the irritation from the square; lind the power of goo­
tropism will be strengthened at cach succcS!<ive pe.riod 
by its previous action-that is, by its aftcr-effe<:ts. 
On the other hand, when a s(juare is nfllxed to a 
\'crtically dependent radicle, and the apex begins to 
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curve upwards, this moYcment will bo opposed by geo­
tropism acting only at a ycry oblique angle, and the 
irritation from the card will be strengthened by its 
previous action. We may therefore conclude tJlat the 
initial power of an irritant on the apex of the radiclo 
of the bean, is less than that of geotropism when 
actiug at right lIngles, btlt greater than that of g~ 
tropism when acting obliqucly on it. 

&nsith'ene88 of the tips oj tlitJ Seoondary Radicle8 of tJw 
Bean to contact.-All the previous observations relate 
to the main or primary radicle, Some beans suspended 
to cork-l.ids, with their radicles dipping into water, had 
deyeloped secondary or lateral radicles, which were 
afterwards kept in \'ery dump air, at tbe proper low 
temperature for full sensitiveness. 'fhey projected, 
as usual, almost horizontally, with only a slight 
downward curvature, and retained this position 
during BOyeral days. Sachs has shown* that these 
secondary roots are acted on in a peculiar manner by 
geotropism, so that if displaced. they reassume their 
former sub-horizontal position, and do not bend yerti­
cally downwards like the primary radicle. Minute 
squares of the stiff sanded paper were affixed by 
means of shellac (but in some instances with thick 
gum-water) to the tips of 39 secondary radicles of 
different ages, generally the uppermost ones. Most 
of the squares were fixed to the lower sides of the apex, 
so that if they acted the radicle would bend upwards; 
but BOrne were fixed laterally, and a few on the upper 
side. Owing to the extreme tenuity of these rndicles, 
it WItS very difficnlt to attach the square to the 
actual apex. 'Vhether owing to this or some other 
circumstance, only nine of the squares induced auy 

• 'Albdten Dot.ln.r;t., Wunburg,' lien i,·. 11574, p. OOS-{l17. 
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curvature, 'l'be eUr\'ature amounted ill some cases to 
about 450 aoo\'e the horizon, ill others to !Hr, aud then 
the tip pointed to the zenith. In onc installce a 
distiuct upward CUfvature W88 observed in 8 h, 15 m., 
but usually not until 24 h. had elapsed. Although 
only 9 out of 39 radicles were affected, yet tbe cun'a,­
ture was so distinct in several of them, that there could 
be uo doubt that the tip is IICllsitive to slight contact. 
and that the growing part bends away from the touch­
ing object. It is possible tbat some secondary mdicles 
are more IICllsitive thou others; for Rachs has proved · 
the interesting fnct that cn.c.h indh'idual secondary 
radicle possesses it.!J own peeuliar constitution. 

SenJl;tit'8ne8S to COlltcwt of tM Primary Radid6, a little 
alxlt'6 tlls ape:t. in. t/16Bea'~ (Viciafaba) and Pea (Pisum 
wiwm).-'l'he sensitiveness of tIle apex of the radicle 
in the previously described eases, and the consequent 
curvature of the upper part from tll(l touching object 
Of other source of irritation, is the moro remarkable, 
becuWJO Su,chs t has sbowu tbat pressure at tbedistAnoo 
of a few millimeters above tile apex Cf\.nses the radicle 
to beud, like a tendril, towards tile touching object. 
By fix.ing pins 90 that thcy I,rcssed against the mdicles 
of beans suspended ycrticnlly in damp air, we stLw this 
kind of curvllture; but rubbing the Jlart with a twig 
or needle for a few minutes produced no effect. Haber­
landt rcmarks.! that these ro(liclcs in breaking through 
the seed-coats often rub and press against the ruptured 
edges. nnd consequently bend round them. As littlo 
squares of tho cnrd-like ll6per affixed with shellac to 
the tips were highly efficient in Cf\.lIsing the rodic1es 
to bend a"'ay from them, similar piooes (of aoollt -n-th 

• • Arbd1.ell lint. Imtit-. WUn- : 'DieSehDtselflriebtDfI~f1 der 
bIUg:llen.I~.I87-1.p.620. KeilQpllaDZIl,'I877,p.U 

t Ibi.J.Il~n Hi IS7S, po. "37. 
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inch sqnare, or rather less) wcre attached in the same 
manlier to one side of the radicle nt a distance of 3 or 
-l mm. alx)\'e the apex. In Ollr flrst trial 011 15 radicles 
no cm.:ct WHB produced. In a second trial on the samo 
numOcr, throe became abruptly cun'ed (but only ODO 

strongly) towards the card within 24 h, rrom these 
ei\.SCS wo nllly infer that the pressure from a bit of cllrd 
tdllxed with shellac to one side above the apex, is hardly 
tlo sufficient irritilnt; but that it occasiollally causes tho 
radicle to Ocn<llike 1\ tendril towards Ihis side. 

We next tried the efl'ectof rubbing sovenll ra<licles 
at a distance of.J: mill, from the apex for a few seeonds 
with hmm caustic (nitmte of silver); anll although the 
radicle£! had been wiped dry and the stick of caustic 
"·as dry, yet the part rubbed WIlS much injured and a 
slight permanent depression WI\8 left, In such cases 
the opposite side continues to grow, and the radicle 
necessa.rily becomes bent towards the injured aide. 
But when a point 4 mill. from the apex was momen­
tarily touched with dry caustic. it WIIS only faintly 
discoloured, and no permanent injury was Cllusod. This 
was shown by so,·eral radieles thus trooted stroighten­
ing themsel,·es after one or two days; yet at first they 
became curved tOlMrds the touched side, as if they had 
been there subjected to slight continuoo pressure. 
These cases desen'e notice, MlllSO when one side of 
the apex was just touched with caustic, the radicle, iI8 

we ha.ve seen, curved itself ill all opposite direction, that 
is, away from the touched side. 

'fhe radicle of the common pea at a point a little 
al)(l\'e the apex is rather mora sensitive to continued 
pressure than that of the boon, Ilnd bends towards tile 
pressed side.* We experimented on a mriety (York-

.. s.eb .. ' Arbeileu Bot. IUl titut., WUnburg; JIef\ m. p. -lS8. 
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udr~ ITero) which has a much wrinkled tough skin, 
too I!uge for the included cotyledolls; 80 that ont of 
30 peII8 which had been sooked for 21 h. and allowed 
to germinate on damp sand, the mdiclt}8 of three were 
unable to cscape, and were crumpled lip ill a strange 
manner within the skin; fonr other mdielcs were 
ahruptly bent round the edges of tho ruptured skin 
against whieh they had pressed. Such abnormalities 
would probubly ne"er, or very mrely, occur with forms 
de"elopoo ill a stilte of nature and subjected to natural 
selection. One of the four radicles just mcntioned in 
doubling backwards came into contact with the }Jin 
by which tbe pea WItS fixed to the cork-lid; alld noll' it 
bent nt right nngles round tbe pin, in a direction quite 
dilfcN'nt from that of the first curvature due to contact 
,,·ith t he ruptured skin; and it thus afforded a good 
iIIustnHion of the tcndril-like sensitiveness of the 
radicle a little above the apex. 

Uttlo squares of the card-like paper were next 
affixed to radicles of the pea at 4 mill. abo"e the apex, 
in the samo manner 118 with the beall, TlI'enty-eight 
radicles suspended wrtically over water were Ihll.'! 
treated on dift'erent occasions, 11Ild 13 of them became 
curved towards the cards. The greatest degree of 
('Uf\·o.tnro amounted to 6?l from the perpendicular; 
but so largo an angle \\'118 only Ollce fo rmed. On one 
occasion a slight cun'ature was perccptible after 5 .1. 
{.j m., and it was generally lI'ell-Il\Mkcd after 14 h. 
There call therefore be no doubt that with tho pea, 
irritation from tl bit of card attached to 0110 side of the 
rad icle above the apex suffices to in<iU{.'C curvature. 

Squares of canl were attached to one side of the tips 
or 11 radicles within ihe same jars in which the abo"e 
trials were made, and Ih'e or them became plainly, 
.nd oue sUghtiy. cunoo away from this side. Other 
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analogous cases will be immediately described. The 
fact is here mentioned ~auge it was a striking spec­
tacle, showing the difference in the sensitiveness of 
the radiclo in different parts, to behold in tho same 
jar one set of radicles curwxl away from the squares on 
their tips, and another set curved towards the squares 
attache<l a little higller up. Morcover, the kind of 
curvature in lile two CMCS is different. l'be squares 
attached abore the apex cause the radicle to bend 
abruptly, tho part aboye and beneath remaining nearly 
straight; so that hero there is little or no transmitted 
effect.. On the other hand, the·squares attached to 
the apex affect the radicle for a length of from about 
4 to ovon 8 mm., inducing in most cases a sym­
metrical curwl.turo; so that here some influence is 
transmitted from the apex for tlus distance along the 
radicle. 

Pisum sativum (var. Yorkshire Hero): Sensith'ffless oj 
tIM ape.t of tile Badicle.-Little S(luares of the SlIme card­
like paper were affixed (April 24th) with shellac to 
one side of the apex oflO vertically suspended radicles: 
the temperature of the water in the bottom of the jars 
WM 600_610 F . Most of these radicles were acte<l on 
in 8 h. 30 m.; and eight of them became in the course 
of 14 h. conspicuously, and the remaining two slightly, 
deflected from the perpendicular aud from the side 
bearing tho attachcd squares. 'fhus all were acted on; 
but it will suffice to describe two conspicuous cases. 
Tn one the terminal portion of the radicle WItS bent at 
right augles (A, Fig. 66) after 24 h.; aud in the other 
(B) it bad by this time become hooked, with the apex 
pointing to thc zenith. 'l'he two bits of card bere used 
were ·07 inch in length and ·04 inch ill breadth. 'l'wo 
other radides, which after 8 h. 30 m. were moderately 
defloctcd, became strJ.ight again after 24 h. Another 
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trial was made in the SlIme manner with 15 radides; 
but from circumstances, not worth expluining, tlley 
~'ere only once and briefly examined after the short 

19 
A. n 

interval of 5 h. 30 Ill.; and we merely record in our 
notes" almost all bent I5lightly from the perpendicular, 
8mi8W!lY from the squares; the deflection amounting 
iu ono or two instances to nearly a rectangle." 'these 
two 8Cts of cases, especially tho first one, provo that 
the apex of tho rodicle is scnsiti,"o to slight contact 
and that the upper port bends from the touching 
obje<:t. Nevertlleless, on JUliO lst and 4th, 8 other 
rudicles were tried in the same manlier at II telllpero­
ture of 58~-60" F., and after 24 h only 1 was decidedly 
bent from tho Cllrd, 4 sl ightly, 2 doubtfully. and I not 
in the least. The amount of curnlturo was unaccount­
ably sillall; but all tho mdicl08 which weTe at all bent, 
were bent away from tho CllrdS. 

Wo now tried the effects of widely different tcmpem­
lurea on the scusitiYcness of these mdiclcs witb squares 
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of card attuched to their tips. Firstly, 13 peas, most 
of them having vcry short and YOllng rndicles, were 
placed in an icc-box, in which the temperature rose 
during throo days from 44° to ,17° F. They grew slowly, 
but 10 out of the 13 heca.me in the course of the three 
days very slightly curved from the squares; the other 
3 were not affected; 80 that this temperature was too 
low for any high degree of scusitil'eness or for much 
movement. Jars with 13 other mdicles were next 
phloo<l on 11 chimney-piece, where they were subjected 
to 11 telllpcrlltuTI.' of between 68° and 77:' F., and 
after 24 h., 4 were conspicuously curved from the 
canis,2 alightly, and 7 not at all; 80 that this tem­
pemtm6 was mther too high. La!l;tiy, 12 radicles 
were subjected to 1\ tcrnpemture \·n.ryillg between 
77:' and 85° F., and none of them were in the lenst 
tlfTected by the squares. 'fhe above scveral trials, 
especially tho flrst recorded oue, indicate that the 
most fl\Vollrable temperature for the sensitiveness of 
the radicle of the pea is about GO° l>~. 

'l'he tips of 6 \'ertically dependent radicles were 
touched once with dry caustic, ill the manner described 
uuder Vicia Jaba. .After 24 h. four of them were bent 
from the side bearing 11 minuto black mark; and the 
CIlr\'ll.ture increlUled in one cnsc Ilftcr 38 h., Ilnd in 
another case n.fter 48 h., llntil the terminal part pro­
jected almost horizontully. 'rho two remn.i..ning ra­
(licles were not affected. 

With nuliclcs of the beRn, when ni~lIded lwriwnilllly 
in damp air, geotropism always conquered the efloot8 
of the irritation caused by squares of card attached td 
tho lower sides of their tips. A similar experiment 
was tried 011 13 ril.diclcs of the pea; tho squares being 
attached with shellac, sud tbe temperature between 
[)8~-60" F. The result was somewhat different; fur 
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these radiclcs are either less strongly acted ou by 
geotropism, or, what ia more probable, are more &en­
~itive to con wet. After a time geotropisill always 
premiled, but its action was ofteu delayed; aud in 
three instances there was a most curious struggle 
between geotropism and the irritation caused by the 
cards. F our of the 13 radiclcs were a little curved 
downwards within 6 or 8 h., always reckoning from 
the time wben the squares were first attached, and 
after 23 h. three of them pointed vertically down­
wards, and the fourth at an angle of 4.50 Ueneatu the 
bnrizoll. 'l'hcse four rndiclcs therefore did not seem 

Fig. G •. 

s. 

to ha,-e been at all affected by the nttuched squares. 
Fonr others were not acted 011 by geotropism within 
thf' first 6 or 8 h., but after 23 h. were much bowed 
down. Two others remained almost horizontal for 
23 h., but afterwards were actC(1 on. So that in these 
latter six cases the Ilction of grotropislll was much 
dl'layed. The elen ' nth rndicle .... 'M slightly cuned 
don af1l'f 8 h., but when looked at again after 23 h. 
the terminal portion was cun'cd upwards; if it had 

M 
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been longer obsernxl, the tip no douut would ha\'c 
been found again curved down, and it would hiwe 
formed a loop as in the following case. 'l'he twelfth 
radicle after 6 h. \I'M slightly Cllrved downwards; but 
when looked at again after 2 1 h., this currature had 
disappeared and the al)Cx pointed upwards; after 301l. 
the radicle formed a hook, as ShOWll t\t A (Fig. 67); 
which hook after 45 h. was conyerted into a loop (B), 
'fhe thirteenth mdidc nfter 6 h. was slightly curved 
dO\\'II\n\rds, but within 21 h, had cun'ed considerably 
{IP, and then down again at an an:t1e of 450 beneath 
the horizou, afterwards becomillg perpendiculilI. In 
these three last cases geotropism and the irritation 
Ci!useU uy the attached squares alternately prc,'ailed 
in a highly remarkable manner; geotropism being 
ultimately victorious. 

Similar experiments w(lre not f>lways quite so suc­
cessful as in the above cases. Thus (j radicles, horizon· 
tally extended with attached squares, were tried on 
June 8th at u llroper temperature, and after 7 h. 30 m. 
Ilone were in the least curved npwarilil and Ilone were 
distinctly geotropic j whereas of 6 radicles without any 
attachcd squares, which sened as standards of com· 
parison or controls, 3 became slightly and 3 almost 
rectangularly geotropic within the 7h. 30m.; but 
after 23 h. the two lot8 were equally geotropic. On 
July 10th another trial was made llith 6 horizontally 
extended mdicles. with sqnares attached in the same 
mannor beneath their tips; and after '7 h. 30 m., 4 were 
slightly geotropic, 1 remained horizontal, and 1 wu 
curved upwards in opposition to gravity or geotropism. 
This latter flldicle after 48 h. formed a loop, like that 
at.B (Fig. 67). 

An analogous trial was now made, but instead 01 
attaching squares of ('ard to the lower sides of tbe 
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tips, these wcre tOIlc-IiN! with dry ('/\lIstie. Tho uclail .. 
uf tho experimcnt will be giw·n in tho chapter Oll 

HeotropisIn, alit! it will suffiee here 10 say that 10 
1M.'1LS, witb radiclcs extended horizon1l.\lly !HId not cau­
tenliCd, were laid Oil and unuer damp friable pent; 
these, which served as standards or controls, l18 well M 

10 others wili('h hlld ~ell touched 011 the "p}Jtf'sidf' 
... itll the caustic, nil be..·nme strongly gootropic in 2111. 
Sin!' rudit,! tls, si milarly pla('cd, hll.d their tips touched 
on the 10l«r sillo with the ooustic; Rnd after 21 h., 
:!"'cro slightly geotropic, 2 remained horizontal, anti 
.. "ere bowed up"'ards in opposition to gra\"ity and to 
ICt'Otropislil. This upward enn'atnre was distinctly 
vuible in 8 h. 45 m. after the lower sidcs of the til~ 
boo been cautcrirrod. 

Little squares or card were affixed with shcllnc 011 

,w\) occasions to the tips of 22 young and short 
~..dary radicles, which hRei been emitted from till' 
primMY radicle II hilst growing in water, but werc no\\ 
lUSpE'nde(1 in damp air. l:k-sidcs tho dinlrulty of 
dtal'ilillg the squares to SUdl flllely pointed obje<·ts 
.. "NC these rll<lidcR, the temperature was too high, 
-, .. rying on thc first occl\sion from 7':1' to 71" .F., aUfI 
lID tht· second being nlmo~t stendily 780 F.; and thi~ 
prulJUloly 1('SSClloo the scnsiti\"encM of the tips. 'flu_ 
Mult was that after an illterval of 8 h. 30 m., 6 of tIlt· 
2'l Nt!iclcs were bowed upwards (one of them greatly) 
iD upposition to gnwity, and 2 laterally; the romnin­
iag 14 were 1I0t affeeted_ Colisidering the IIlIfa\"our­
.we ci"'umstnll<:es, and bearing ill mind the case of 
1M ~n, the cl'idcncc appears sufficient to show ,hnt 
1M tips of the SC('Oudary radiclcs of the pea fit .. 

..utivc u) slight oonll\(:t. 
P1tcu«JJ.u muJtijorlU: Sel1titit't'1&(!3B of tb~ apn of tlil' 

Alditl".-.Fifty-nine ri\diclcs were tried with sqlll\!'t's 
M 2 
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of various si7.es of the some card -like paper, also with 
hits of tbin glass and rough cinders, affixed with shellac 
to one side of the apex. Bather large drops of the 
dissolved shellac were also placed on them and allowed 
to set into hard beads. The specimens were subjected 
to vMious temperatures between 600 and 720 P., more 
commonly at about the latter. But out of this eon­
siderll.bl., number of trials ollly 5 radicles were plainly 
bent, and 8 others slightly or even doubtfully, from 
the !lttached objects; the remaining 46 not being at 
all affecWd. It is therefore clear that the ti ps of the 
f/\dicles of this Phuscolus are mllch less sensitive to 
contact than are those of the bel1n or pea. 'Ve 
thought that they might be sensitive to harder 
pressure, bnt after severJ.I trials we could not devise 
ally method for pressing harder on one side of the 
apex than on the other, without at the same time 
offering mechanical resistance to its growth. We 
therefore tried othcr irritants. 

'1'he tips of 13 radicles, dried with blotting-paper, 
were thrice touched or just rubbed on one side 
with dry nitrate of silver. 'l'hey werc rubbed thrice, 
because we supposoo from the foregoing trials, that 
tbe tips were not highly sensitive. After 24 h. the 
tips were found greatly blackened; 6 were blnckened 
l'qually ull round, so that no eurvuture to any aile 
side could be eXl)Ccted; 6 were much blackened on 
OM side for a length of aoout .,:'"th of au inch, and 
tbis length became curved at right angles towards th .. 
blackened surface, tho eurvatnre afterwards increasing 
in several instances until little hooks wero formed. 
It was manifest that the blackew~d side was so much 
injured that it could not grow, whilst the opposite 
side continued to grow. One alone out of thf'8C 1:1 
rmlides became c\Uvcd from the blackened side, the 
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eun·nturc extending for some little di.stance aboY(' 
the apex. 

After Ihe experience thus gflinell, tho tips of six 
almost dry radicles were once tOllched with the dry 
Cilustic Oil one side; and after nn interval of 10 Ill. 

\I"{'1"6 allowed t() cnter W!lter, wh ich WIUl kept at a 
fempemture of 63°_67° }~. 'nc result WI\!! that after 
a ll illl('rvu.! of 8 h. a minute blackish speck could 
just be distinguished 011 olle side of the apex of five 
of thcso rodicles, 1111 of which became cun-cd towards 
the Olll)()8ite side-in two CiISe8 at about an Bugle 
of 43°_in two other cases at nearly !i rectangle--and 
in the fifth case at above a rc<:tangle, so flmt the apex 
.·as a litt le hooked; in this latter case the black mark 
tfiUl mther lurger than in the others. After 2-1 h. 
from the application of the caustic, the curvature of 
three of these radicles (including the llOOkcd oue) had 
dimini;..hed; in tbe fourth it remained tho same, and 
in the fifth it had increased, the tip being now hooked. 
It has beell said that after 8 h. blaek sl)(!Cks could 
be f!4.'('n on one side of the apex of five of the six 
fI'I.licit'8; 011 tho sixth the speck, which was extremely 
millute, was on the actual apex alld therefore C('ntral ; 
and this nldicle alone did not become curved. It was 
th~refore (lgaill touched 011 one side with caustic, and 
af~r 15 h. 30 m. was found cnrved from the perpen­
w('uiar and from the blackened side at an angle of 3-1", 
_bieh increased ill nine additional hours to 5-1°. 

It is therefore certain that the apex of the radicle 
of Ihis Phascolus is extremely sensitive to caustic, 
1Doft" 80 than that of the beall, though the latter is 
far more fl(!nsitiye to pressure. In tho experiments 
jut gh'cn, the. cnrvature from the slightly cauierised 
Me o( the lip, extended along the radicle (or a 
length of nearly 10 mm. ; wherel\8 in the first set 
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uf experiments, when the tips of seyeral were greatly 
hlackened iLud injured on one side, so that their growth 
was arrested, a length of less than 3 mm. became 
i'urved towards the mueh blackened side, owing to the 
"Olltinued growth of the opposite side. This differ­
('lice in the results is interesting, for it shows that too 
strong fill irritant does not induce any transmitted 
effect, and docs not cause the adjoining, upper and 
growing part of the radicle Ul bend. We ha"e analo­
gous cases with Drosera, for a. strong solntion of car­
bonnte of ammonia when absorbed by the glands, or 
too great heat suddenlyapplioo to them, or crushing 
them, does not cause the basal part of the tentacles 
to bend, whilst a weak solution of the carbonate, or a 
mooen.te heat, or slight pressure always induoos such 
bending. Similar results were observed with Dionrea 
and Pinguicula. 

The effect of cutt ing off with it. razor a thin slice 
from one side of the conical apex of 14 young ,md 
short radicles was next tried. Six of them after being 
operated on were suspended in damp air; the tips of 
the other eight, similarly snspended, were allowed to 
enter water at a temperature of ,tbout 65" :F. It WM 

recorded in eaeh case which side of the apex had 
heen sliced off, and when tbey were afterwards 
eX;1Inined the direction of the curvature was noted, 
bofore the record was consulted. Of ihe six radicles 
in damp air, three had their tips cnrved after an 
inten'al of 10 h. 15 m. directly away from the sliced 
snrfacc, wllilst the other three were not affectOO and 
rQmained straight; nevertheless, one of them after 
13 IIdditional honrs became slightly euned from tbe 
sliced surface. Of tbe eight radicles with their t ips 
immersed i'l water, seven were lliainly curved away 
from the sliced surfaces lifter 10 h. 15 m.; and with 
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respect to tho eighth which remained quite straight, 
too thick a slico bad been accidcntally remo\'ed, SO 

tbat it hardly formed 0. real cxccptiou to tho gcnernJ 
result. Whcn tho 8e\'en mdiclcs were looked at 
again, after all interval of 23 h. from the time of 
slicing, two hnd become distorted; four were deflected 
at all nnglo of about 70~ from tho perpendicular and 
from tho cut surftlce; and ono WilS deflected at nearly 
9O~, so th!lt it projected almost horizontally, bllt with 
the extremo tip now beginning to bend downwards 
through the action of geotropism. It is therefore 
mauifest thnt a tbin slice cut off one side of the conical 
apex, call8Cf!l the upper growing 1)Mf. of the nl(liele of 
tbis Phasoolus to bt-Ild, through the transmitted effects 
of the irritation, all'tly from the sliced surface. 

T,'optrolum IIIaj",,: Sellw,iveneu of tl~ apa oj tlte 
Radicle to contad.-Little squares of card wereattnched 
"'ith shelhw to ono side of the tips of 19 mdiclcs, some 
of which were 8ubjccted to 780 E., and others to !\ 

much lower temperature. Only 3 becamo plainly 
cUrn:!d from tho squares, 5 slightly, 4 doubtfully, 
and 7 not at aU. These seeds were, 1\8 \\'0 believed, 
old, so we procured a fresh lot, and now tho results. 
were widely different. Twcnty-tllroo were triad in 
the samo manner; five of the squares produced 110 

l'ft'ect, but throo of these cases were no real exceptions, 
fur in two of them the squares had slipped and were 
piU1l11el to tho apex, Ilnd in the third the shellac was 
in excess Illl(! had spread equally all round the apex. 
One ro.diclo was. deflectoo only slightly from the 
perpendicular and from the curd; whilst sevent(lOn 
were plainly dellccted. The angles in BOvernl of these 
latler cases l'o.ried betw(lOn 40" and 6.5~ from the 
perpendicular; and in two of them it amounted after 
15 h. or 16 h. to about 900. In oue instance a loop 

It 
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was nearly completed in 16 h. 'i'here can, therefore, 
be no doubt that the apex is highly sensitive w slight 
contact, and thnt the upper part of the radicle bends 
away from the touching object .. 

Gossypium her"baceum·: Sensitiveness of the apu of the 
Radicle.-Radicles were experimented on in tile same 
manner as before, but they proved ill·fitted for our 
purpose, as they soon became unhealthy when SIlS· 

pended in damp air. Of 38 radicles thus suspended, 
at temperatures varying from 66~ to 69° F., with 
squares of card attached to thcir tips, 9 were plainly 
and 7 slightly or even doubtfully deflected from the 
squares and from the perpendiClliarj 22 not being 
affected. We thought that perhaps the above tempera· 
ture was not high enough, so 19 radicles with attached 
squares, likewise suspended in damp air, were subjected 
to a temperature of from 74° to 79° F., but not one of 
them was acted on, and they soon became unbealthy. 
Lastly, 19 radicles were suspended in water at a tern· 
perature from 70° to 75° F., with bits of ghu;s or 
squares of the card llttAchEXl w their t ips by means of 
Canado.·balsam or asphalte, which adhered rather better 
thnn shellac beneath the water. '1'he radicles did not 
keep healthy for long. 'l'he result was that 6 were 
plainly and 2 doubtful ly dcflectcd from the attached 
objects and the perpendicular; 11 not being affected. 
'fhe evidence consequently is hardly conclusiw, 
though fiom the two sets of cases tried under It. 

modemte temperature, it is probable that the mdicles 
are sensitive to contact; and would be more so under 
favourable couditions_ 

:Fifteen radicles which had germinated in friable peat 
were suspended vertically over water. Seven of them 
sen-cd as controls, and they remained quite straight 
during 24 h. '1'}le tips of the other eight radicles 
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were just touched with dry caustic on one side. After 
only 5 h. 10 m. lh-o of them were slightly cuned 
from the perpendicular and from the aide bearillg the 
little blackish mllrks. _\fter 8 h. 40 m., 4 out of 
these 5 were deflected at angles between 1.)" and 6.')" 

from tho perpendicular. On tho other hand, one 
which had boon slightly curved after!i h. 10 III., noll' 
became stmight. After 2i h. tho curvature in two 
cases Imd collilidembly increased; also in four other 
CII.::iC~, bllt these latter mdicles hnd now become 80 

contorted, some being turned upwards, that it could no 
longer 00 ascertaiued whether they were still curnxl 
f!'\Jm tho cauterised. side. The control specimens ex. 
hibited no sllch irregular growth, ami the two sets 
presented a. striking contrnst. Out of the 8 mdjclcs 
lI'bich had ~n touched with CIlIISti{', two alone were 
not affected, and the marks left on their tips by the 
caustic were extremely minute. 'l'hesc marks in all 
l'3SC8 \\'cre onll or elongated; they wore llletl8ured in 
three instances, and found to be of lIellTly the same 
aize, viz. i of n mm. in length. l3eftring this fltet in 
mind, it should be observed that the length of the 
tun'ed part of the mdic.ie, which had become deflected 
from the cauterised side in the COllrse of 8 h. 40 m., 
"&Ii found to be ill three cases 6, 7, and () mm. 

Cucurbita ol;ijera : Sensitit~ of t1l8 a[N2 of the Ea· 
did".-'l'he tips proved ill-fitted for the attachment of 
cards,l18 thoy ate extremely fino and flexible. More­
over, owing to tbe bypocotyls being soon dovelopOO 
and becoming arched, the whole ntdicle is quickly 
displaced and confusion is thus caused. A large 
Dumber of trials were made, but without Ilny defillite 
I'l'euit, excepting on two occasions, wholl out of 23 
radiclcs 10 wore deflected from the attached squares 
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of card, and 13 were not acted on. futher In.rge 
squares, though difficult to affix, seemed more efllcicnt 
thnn very small ones. 

'Ve were much more successful with caustic; but ill 
onr first trial, 15 nulicJes were too mllch cauterised, 
Illld only two became onn·ed from the blackened side; 
the others being either killed on one side, or bhlCkened 
equally all roulld. In our next trial the dried tips 
of 11 nulicles were touched momentarily with dry 
CAustic, and afwr a fow minutes were immersed in 
water. '1'he elongated marks thus caused were never 
black, only brown, and about t mm. ill length, or 
e,oen less. In 4 h. 3u m. after the clluterisation, 6 of 
them were plainly eurved from tbo aide with the 
brown mark, 4 slightly, Ilnd 1 not Ilt all. The latter 
proved Illlhealtby, and never grew; and the marks on 
2 of tbe 4 slightly curved radicles wero excessively 
minute, one being distinguishable only with the nid 
of a lens. Of 10 (,oontrol specimens tried in the same 
jllrs at the same timo, not one was in the least curved. 
In 8 h. 40 m. after th"} Ciluteruatioll, 5 or the rndicles 
out of the 10 (the 0110 unhealthy OliO being omitted) 
were deflected at about 90", and 3 at about 4.5" from 
the perpendicular and from the side bearing the 
urown 1lllU"k. A.fter 2..J: h. ull 10 rndicles had ill­
creasod immensely in length; in 5 of thcm tho cun-a­
ture was nesrly tho IJlUne, in 2 it had increased, lind 
in 3 it had deerelUlCd. 'fhe contrast presented by the 
10 controls, after both the 8 h. 40 Ill. and the 24 h. 
intervals, was "ery great; for they had continued to 
grow \"ertically downwards, excepting two which, from 
somo lmknowll caU80, llad bcoollle somewhat tortuous. 

In tho chapter on Geotropism wo shall seo that 
10 radicles of this plant were extended horizontally on 
and beneath damp friablo peat, under which conditions 
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they grow better and more naturally than in damp 
nirj and their tips were slightly cauterised on the 
lo"'cr sidc, brown marks about * 111111. in length 
bri ng thus caused. Uncautcrised spccilllcns similarly 
llllll"cd bccllme much bent dowllw!lrds through geo­
tropism in the course of 5 or 6 hours. After S h. 
only 3 of the cauterised ones were bowed downwards, 
and this in a Blight degroo; 4 remAined horizontal; 
and 3 \Vera Cllr"ed uI)lmrds in opposition to gco­
tropism I\nd from the side bearing the brown mark. 
Ten other specimens had their tips cauterised at the 
"me time and in the sume degree, on the ullper 
,itle; aud this, if it produced any cfi". ... 'tt, would tend 
to incrcaso the power of geotroJlism; and aU these 
rndieles ncre strongly bowed downwards after 8 h. 
From the several foregoing facts, there can be no 
doubt that the cauterisation of the t ip of the radicle 
1)( this Cllcurbita 011 one side, if done lightly enough, 
ell.u!1C8 the whole growing part to bend to the opposite 
. ide. 

RapluHlm sativus : SeMiUt'fmm of tile a~ of thtJ 
&dicle.-We here encountered many {liffieulties in 
our trinls, both with squares o( card and "'ilh caustic; 
for "hen seeds were pinned to 0. (.'(Irk-lid, many of the 
radicles, to which nothing bad been done, grew irre­
gularly, often curving UpwArdS, as if attnu::tcd by the 
damp surface above; und when they were immersed 
in "'uter they likewise often grew irregularly. We 
did not tllcrefoto dare to trust our eXllCrimcnts with 
attached squares o( card; nO\'ertheIC88 some of them 
~med to indicate that the tips were sensitive to 
contact. Our trials with Cfiustie genenllly fui led (rom 
the difficulty of !lot injuring too greut!y the extremely 
ine ti ps. Oui of 7 radicles thus tried, olle became 
bo.ed after 22 h. at un angle of 60',0. second at 4Cf, 
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and a third very slightly from the perpendicular and 
frolll the callterised side . 

..EMulus hip]XX!astau,UJn: Sensitiv(JI1e88 of the a~ of 
the Badide.-llits of glass and squares of card were 
aftlxed with siwllac or gum-water to the tips of ]2 
radicles of the horse-chestnut; o.ud when these objects 
fell oft', t hey were refixed; but not in a single instance 
was any curvature thus caused. 'l'hese massi\'e 
radicles, aile of which was above 2 inches in length 
and ' 3 inch in diameter a.t its base, seemed illsellsibh· 
to so slight a stimulus as ally small nUached object. 
Nevertheless, when the o.pex encountered 1m oustnelc 
in its dowllwnrd conrse, the growing part became su 
uniformly and symmetrically curved, that its a.ppenr­
ance indicated not mere mecho.nieal bending, but 
increased growth along the whole convex side, due to 
the irrit.ation of the upex. 

That this is the correct. view mo.y be inferred from 
the effects of the more powerful stimulus of ('Il.usti('. 
'rhe bending from the cauterised side occurred llIuch 
slower than ill the previously described species, and it 
will perhaps be worth while to give our trials in 
detail. 

Th" soods genninated ill AA'I'?(lust, &ud ono sido of the tips of 
the radides were slightly rubbed once with dry nitrate of silver; 
nnd after & fow minutes were aUo,\\'oo to dip into water. Th01 
were subjected to a fathef vnrying temperntuto, generally 
betwoon 52" and U5' F. A few cases havo not been thought 
worth recording, in which the wholo tip was blaekoned, or in 
which the seedling soon became unhCflltllY. 

(1.) The mdicle was slightly deflected from the cauterised 
side ill ono day (i.e. 24 h.); in throe days it stood at 6QO from 
the perpendiculllr; iu four days at 90"; on tho fifth day it ,\\'8,8 

Clln'cd up about (0" above the llorizou; ro that it had l~ 
through an angle of 130" iu the fh'e days, and this was the 
greote8t amount of curvature observoo. 

(2.) In two days radiclo slightly defledod; nfter seven dati 
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defi('Cted 69" from the perpendicular and from tho e..uterised 
!lide; .fter ~ight daya the angle amounted to nearly roo. 

(3.) After oue day alight defloctiOIl, but the Ctluteri8ed mark 
wasao faiut that the 8&Ille sido Wall again touched withcaill!lic, 
In four dny' from the tint touch deflection amouuted to 78°, 
which in nil lkiditionll] day incrca.scd 1090", 

(I.) .Uter two days 6light defiootion, whkh during the next 
throo dnY6 certainly inereased but noyer booruno great; the 
radiclo did lIot grow well nnd died on tho eighth day, 

(5,) Aftcr two daY6 "cry slight deflection; Lut this on the 
fourth day nmounted to 56° from the perpendicular aud from 
theeautcrieed aido. 

(6,) After throe days doubtfully. but after four days certainly 
d.:flectl~l from tho cauterised aide. On the 6Rh day deflectioD 
amonntod to 45°from the jXlrpendicular,and this on tho IiCI'enth 
day incrc,11!Cd to about 00°. 

(7.) ARcr two days slightly dcflootocl; on tho third lillY tho 
deflection amounted to 2;)0 frolll the perpendicular, and this 
did not afterwards inereBSe, 

(8.) After ono day deflection diMine!; on tho third dllY it 
amounted to HO, and on the f"urth dllY to 72' from the IJCrpen­
diculllran(1 thecllutcri8Cd side. 

(!l.) After two \lay6 deflection slight, yet di~tinct; on the 
Ibittl day the ti l) WILf! again touched on the salDe side with 
ClIDlticandthuakilled. 

(10.) After one dmy lilight deOection, ,.,'hich atter aix dars 
iorreased to 5W from the perpendicular and the cautcrisro side, 

(II,) After one day decided dcfiection, 'A'hich after six dllYs 
inc~ 10 G:F from the perpendicular an" from the cauterised 
aide. 

(12.) ~\fterone day slight deflection, which on the IJCCOnd dllY 
amoullted to 8,)0. 011 the fourth day 10 50-, nnd the sixth dRY 
toG3°fromthoJlCrpcndicnlarnu(lthocautcri~6ide, 

( I ~,) Wh"le tip blackened, but more 011 0110 sido than the 
other; on the fourth dllY slightly, lind on the lIixth day greatly 
deft,~t(l(1 from tho more blackelled side; tho dcflection 01\ the 
ninth day amounted to 90" from the perpendicular. 

(H.) Whole til) blackened in the I18.me nl8!U\er ILfI in Ihe last 
cue~ on tho &eoOnd dlly decided dtftection from the more 
blt.C'kened side. which inerca.sed on the 661'cnth dny to ueariy 
90"; 011 the following day the rudicle aPIIMrOO ulIlll'flolthy, 

(15.) !Jere we boo the anomalou.s ease ot a radicle bending 
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slightly 1.1OOm. the CAuterised side on the fint dllY. ",nd oon­
tinuing to do so for the ncd three day .... whcn the deflection 
umounted to about 00" from the perpendiculnr, Tho cause 
llppearedtolioinlhotendril.likoscnlliti\·CI1C81!ofthcllpperpu.tt 
nftho I'lU:licle,o.gainstwhieh thcllOintof a Inrgo triaugular flap 
or tho EIOed-eootfl pI"ClllOCl with oonsiderable foree; and thia 
irritation tt.PlJal'CnllyooD'1.nered that from thocautcrilledapex. 

These se\·eml cases sbow beyond doubt that the 
irritation of olle side of the apex, exeites tllC upper 
purt of the radicle to bend slowly towzmls the opposite 
,;ide. 'J'his fUf't Wtul well exhibited in ono lot of fin> 
I't'Cos l)inned to tho cork-lid of a jar; for when after 
Ii days the lid was turned upside dO\\1\ and viewed 
from directly abo,·o, the little black murks made by tbe 
t"uuslic were now all distinctly visihle all the upper 
sides of the tips of the laterally bowed radiclcs, 

A thin slice Wtl8 shaved off with 0. razor from Olle 

bide of the tips of 22 fllllidcs, ill the Illnllller described 
ullder the COllllllon IJcnll; but this kim\ of irritation 
llid not pro\·e "ery effective. Only 7 out of the 2'2 
rltdides became modemtely doflected in from 3 to 5 
da\'s from the sliced surfuce, and sc"ernl of the others 
~r~w irregularly. The evidence, therefore, ii fat from 
\·ollclusive. 

QuercWl robur: Sensitivenen of the ape:tJ of the Radicle. 
-'J'ho tips of tho rlldicles of the COlllmon oak are fully 
liS sensitive to 81ight contact as nrc tbO'lf' of any plant 
('xumillcd by us, 'fhey remained healthy in damp air 
fOf 10 days, but grew slo\\'ly. Squares of the card· 
like pnper were fixed with shella<' to the tips of 15 
mdicles, and ten of these became cOllspicuollsly bo\\'('\1 
from the perpcndieulnr nml from tho squares; t\\·o 
sliA'htly, and thrcc not nt all, But two of the lattt'r 
were not real exceptiolls, as they were at first very 
short, IUld hardly grew afterwards. Some of the more 
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remark!\ble cases are worth describing, . 'l'he mdicles 
.-ere examincd on cach 8uccessi,'e monling, at near1~' 
the &lUne hour, that is, after intervals or 24 h. 

No. 1. Thill radielo ~ufi'ercd from !l. IlCrica of nooidenta, lind 
IIcled inaoallomlilOUlI manner, for tho o'llOX tlppcnrod at first 
in &en~ibio/l.n(1 nfier\\'Rrdsscnsitivo to OOlltaet. The IIrstsquare 
\l'fI!IattaehodonOci.Hlth; on the 21st the 
ra,(iielowMllotll.tall curved,lIndlhosqullr6 Fig. 68. 

1'I-ulOOidentallyknoekedofi';itwallrcfixa<i J 
:. :~~ ~~~ ~~~ ~:::'i~.I\~t~I:::~:::~ . . .. dial)IIe8I't.'(1 011 lhe 23rd, 'll'hen the IIqUIIl'6 
.-u removedalld refiled. Koeurn.tul'6en_ 
lOed,alUlthellquarew .. ~iuaceidentally 

~~~~~!:~':::~lfi~nbl~~:o=~;f ~ 
tbe 'I\'ak!r in lhe bottom of Ibe jar. Tho " 
~uattl wasrefu:ed, lind on the 29th, thllt I 
18,tclldllYllafter the firs! &quare had been 
IIttllChcd,and tll'odaY8aficrtheatl4chmcnt 
of llie lut&qual'O, tho tn{licle had gt'01'I'U to 
Ih(l jn'CIl.t length of ::1"2 inches, nud now Qw.w,.-obto~, radicle 
the tenninal ~"I'OwiJlg part lmd become l1Cnt with "'lILa" of caN 
a\\'ay from tho lIqullre into a hook (800 .tu<h""to~. 'i<!" 

Fi~o~f Square attached 011 the 19th; on ~}=;'~!::'1~~ 
Ih.: 20th radicle siightlydeflected from it ... tu .. l_l~. 
and from tho )lCrpcndieuiar; 011 the 21st 
,kt\eetOO "t nearly right angles; it rema.ined during Ule next 
1'-0 day~ in this position, but on the 25th the UI)Wtlro curv&­
turu WIUI l~ned through the actiou of geotropism, and atill 
mor!lfl(lonlho26th. 

No.8. Squl\re atloohed on tho 19th; 011 tho 21st 0. tra.ooof 
eunlltUI'() from Ul0 square, which U1nountOO ou Ihe 22nd 10 
about4(l',nnuon lho28rd to 53° froru lheperpendioular. 

No. 4. Square attached on the 2ht: 011 the 2-2n<1 tmoe of 
enrnhll'() from UIO Ilquare; on tho 2::ird compictely hooked 
~lb tbe point turned up to the zenith. Three da,lI after"ards 
(i.e. 26th) tho Cllrvaturo had ",holly disappoared and tbe apex 
pointed llel1)('mlicularly downwards, 

No.5. Square attached 011 the 21st; 011 Ule 22nd decided 
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though ~lighl cun-ature froiD tllo equare; on tho 23rd tho tip 
had curved up abovo the horizon, and on the 24th '11"&11 booked 
with the apex pointing almOilt 10 the zeuith,Min J.'ig.G8. 

No. G. Square aUnehoo on the 21st; 011 tho 2-2nd sligbtly 
curved from the IlqUIlf6; 23rd more curved; 25th consider· 
al)\" curved j 27th all curvature 1000t, aud tho ra<:liclo W&II DOW 

directed per)Je"ndicularl"dowDwanla. 
No.7. Square attached on the 21st; on tho 2200 a trace of 

curvatnre from the &quare, which increased next day, and 011 
the 2Hh amounted to a right angle. 

It is, therefore, Ill(\uifest that the apex of the radicle 
of the o!lk is highly sensitive to contact, and retains 
its scllsiti \'ellcss during several days. 'rhe movement 
thus induced WM, howc\-cr, slower than in any of the 
previous cases, with the exception of that of ...};scu1us . 
• \.s \\ith the bean, the terminal growing part, after 
bemljng, sometimes straightened itself through the 
nction of geotropiiilll, u.lthough the object still remained 
iltlll.ehed to the tip. 

The same remarkable experiment Willi next tried, 
as in the case of the bean; naruely, littlo squares of 
t'xactly the same size of the CArd-like 8!luded paper 
and of very thin pnper (the thicknesses of which ha ... e 
been giwn under Vicia faha) wero attached wilh 
~hellac on opposite sides (1lS a.ccurutcly as CQuhl be 
done) of the tips of 13 radicles, suspended in damp 
"ir, at a temperoturo of 650_66" F. The result WlUI 

striking, for 9 out of these 13 mdielcs bcca.mo plainly, 
luui 1 very slightly, eun-ed from tho thick paper 
l\)wards the side bearing the thin paper. In two of 
thase cuses the apex bccume completely hooked after 
two days; in four cases tho deflection from the per­
pendicular and from the side beariug t.ho thick paper, 
nmoull!c·d in from t\\O to four duys to angles of 90~, 
72", 60", and 49°, but in two other ca.scs to OIlly I S" 
IIml 15°. 1t should, howc\'cr, be stated that in the 
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ease in which the deflection was 49°, the two squares 
had accidentally come into contact on ono side of the 
apex, and thus formed a lateral gable; Rnd tlto deflec­
tiou was directed in part from this gable and in part 
from the thick paper. In three cases alone the radicles 
wero llOt afiCNOO by the difference in thickncss of tha 
sqU!U'cs of papcr attached to their tips, and conse­
quently did not bend away from the side bearing the 
stiffer paper. 

Zea may.: &nsitit'elWJSB of tM ape;t of Old Radide to 
«mtad.-A large number of trials were made 011 this 
lliant, WI it was the only monocotyledon on whieh we 
experimented. An abstract of the results will suffice. 
In the first place, 22 gemtinating sceds were llinned to 
oork·lids without any object being attached to their 
radicles, some being exposed to a telllp<!mtllre of 65°_ 
66" }~., and others to betwf!en 74° and 79~ ; and 1I0lle of 
them beCiLllle curvcd, though some were a little inclined 
to one side. A few were selected, which from having 
germinated on Mnd were crooked, but when suspended 
iD damp air the terminal part grew stmight down­
.. ards. This fact having been ascert&illed,littlo squaf(>S 
of the eard-liko paper were affixed with shellac, 011 
&e\'eral occasions, to tho tips of 68 mdic.les. Of these 
the terminal growing part of 39 beeame within 21 h. 
conspicuously cun-cd. away from the attached squares 
aDd from the p<:rpendicularj 13 out of the 39 forming 
hooks with their points directed towurus the zenith, 
and 8 forming loops. Moreover, i other radicles out 
()f the 68, were slightly and two doubtfully deflcetcd 
from the cards. 'J'here remain 20 which were 1I0t 
afi'Cf."tedj but 10 of these ought not to bo count(..Q. ; 
fur one wn$ diseased, two had their tips quite sur­
runnded by shell~, and the squal'Cfl on 7 had slipped 
to as to stand poraUel to the apex, instead of obliquely 

N 
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on it. There were therefore only 10 out of tho 68 
which certululy were not acted on. Some of the 
radiclci! \,hich were experimented 0 11 were young I\nd 
short, most of them of modemte length, and two or 
three ('xcecdcd three inches in length. '1'he cur\'a~ 
lure in the noowl cases occurred witbin 24 h., but it 
was "ften conspicuous within I~ much shorter period. 
For instancc, the terminal growing part of one radicle 
was oont ujlwurcls into a rectangle in 8 h. 15 m., Bud 
of allot her in 9 h. 011 oue occasion a hook was 
formed in () h. Six of the mdicles in n jar containing 
nine seeds. which stood on a Mud-bath, raised to 
a tcmpernture \'Iuying (rom 76° to 82~ }~., becnllle 
hooked, and u seventh formed n complete loop, when 
first looked Ilt after 15 hours. 

Tho accompanying fi guTes of four germinating seeds 
(Fig. 69) show, firstly, a rndicle (A) the npex of which 
has become so much oont away from the attached 
squaro as to form a hook. 8oo:ludly (B), n hook 
cOI\\'crted through the continued irritation of the 
card, aided perhaps by geotropism, into nn almost 
complete circle or loop. 'rhe tip in the act of forming 
a loop gellcrnlly rubs against the upper l){}rt of the 
radicle, and pushes off the attached square; the loop 
thcn oolltnkCts or elOSCfl, but never disappears; and 
tho apex rutOTlmrds grows vertically dowuwards, being 
no longer irritated by filly ntta.chcd object. Thig 
frequently ooourred, and is represonted at C. The 
jar aoo,'e mcutioned with the six ll00ked nldicles amI 
aDother jar were kept for two fUl<litional days, for the 
sake of observing how the hooks would be modified. 
lIost of thf'm became COD"crted into simple loops. 
like that figured at C; but in one CMe tho apex: did 
110t rub against the upper part of the mdicle and tha 
r CIllO"O the CIlrd; and it consequontly made, owing 
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to the continued irritation from the card, two complete 
loops, that is, II. helix of two spires; whieh afterwards 
became pressed closely together. Then geotropism 
prevailed and caused the apex to grow perpendicularly 
downwards. In another case, shown at (D), the apex 

.0 D. 
ZN .... .1., radicl. uclted to bend .... ,. from tht littl, lI)ua_ of card 

.tt."chedtooneJideoftbeirli"". 

in making a second turn or spire, passed through the 
first loop, which W!LS at first widely open, Bnd in 
doing 90 knocked off the card; it then grew perpen. 
dicularly downwards, and thill! tied itself into a l.."11ot, 
which IJOOn became tight! 

SstoNklry Radicla of &a.-A. short time after the 
first radiele hIlS appeared, others l,rotrudo from the 

N 2 
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.sc«I, but not laterally from tbe primary one. Ten of 
these secondary mdicles, which wcre directed obliquely 
downwards, were experimented 011 with yery small 
squares of card attached \lith shellac to tbe lower 
sides of their tips. Jf therefore the squares ncted, the 
radicles would bend upwards in opposition to gravity. 
The jar stood (prote<:ted from light) 011 !l. SIlud-bath, 
which mricd between 760 am! 82" F. After only 
5 h. one 8ppeared to he a littJe deflected from tbe 
square, and aft('r 20 b. fonned tl. loop. Four others 
wete considerably curved from the squares after 20 h" 
Ilud three of them heca.me hooked, with tbeir tips 
poinung to the zcnith,---one after 29 h. and the 
tllO others after 4-1 h. 13y tbis latter time a sixth 
mdicle had ooeomc bent at a right angle from the side 
ooaring the square. Thus altogether six out of the 
ten second"ry radieles were acted on, four not being 
affected, There cun, therefore, be 110 doubt that Ihe 
lips of these secondary rndiclcs are 8ensiti,'e to slight 
oolltact, and that when thus excited they cause the 
upper part to bend from the touching object j I.mt 
generally, as it appears, not in so short a time os in 
the case of tho first-fornux! radicle. 

S.;:-;SITI\'J::NE!,.S Of THE TIP OF TIlE UAlHCLE TO 

MOIST Am, 

Sachs made the interesting dis~nery, a few yean 
AgO, ~8t the radicles or many seedling plants bend 
towards all adjoining daDlp surface.- W o shall here 
cudeal'our to show that this peculiar ronn of seusitiv~ 
ness resides in their tips. The mOl'ement is directly 
the re,'erse or tll1lt excited by the irritunts hithN10 
considered, which eause the growing part of tbe 

•• A,bc:iteD dell Dot. I n.lilut~ in Wiirlburg,' ~ol. L 18i2, P. 2W, 
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radicle to bend away from the source of irritation. 
In our experiments wo followed Sachs' plan, and sieves 
with seeds germinating In damp Si\wdust were sus­
pended 80 that the bottom wns gencmll y inclined at 
-lO' with the horizon. If the radicles hM been acted 
on solely by geotropism, they would 11I\I.e grown 011t 

of the bottom of the sieve perpendicularly down­
wards; but M they were attracted by the adjoining 
damp surface they bent wwaros it lind were deflected 
50" from the perpendicular. F or the Si\ke of ascertain­
ing whether the tip or the whole groI\ing part of the 
radicle WM BenBitive to the moist air, a length of from 
1 to 2 mm. WM coated ill a certain number of cases 
with a mixture of olive-oil and lamp-black. 'I'his 
mixture was made ill order to give (:ollsistence to the 
oil. so tha.t a thick layer could be applied, which 
~'ould exclude, a.t lenst to a large exhmt, the moist rur, 
and would be easily visible. A greater number of 
experimellti! than those which were actually tried 
would have been necessary, had not it been clearly 
estAblished that the tip of the mdicle is the part which 
is scIlllitive to various other irritAnts. 

PNutd..., mldliftonu.-Twenty-nine radieleto, ttl 1I'hich n0-

thing had boon done, growing out of a Ide'l"e, were obeervecl 
at the "me tiJ'M with th08e which had their tiP' greased, 
aDd for An equal length of timo. Of the 29, 21 Cltr'l"ed them­
.'I"tIII I)() as to come into clOl;6 oontact with the bottom of the 
De'l"e. The pi!l.C(l of chief cun-atUr6 WaB generally at a distance 
of /) or 6 mill. from the apex. Eight rndicies had their tips 
greuOO for a length of 2 mm., and two otiJers for a length of 
H m.m.; they ~'ero kep~ at a temperature of 16°_16° C. After 
izlternla of from ]9 h. to 24. h. all were still Terticall,. or 
almo8t TerticaUy dependent, for BOrne of them had moved 
Io1rarda: the adjoining damp surface by about 1a>. They had 
Ulerefore 1I0t been acted on, or 0111,. sligJltly acted Oil, b,. the 
damper air on 00(1 aide, although the whole upper part WlIII 
heI,. expolOd. After 48 h. three of thC86 radich:~ became 
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considorably ourved towaNs tho sieve ; and theabsonce of cun'a­
ture in IIOmo of the others might porhap8 be f\.CC(Iunted for by 
their not having gro~'n very woll. But it shonld be observed 
that during the first 19 h. to 21 h. all grew well; two of them 
having increased 2 and 3 mm. in Icngth in 11 h.; five othen 
inoreased 5 w 8 mm. in 19 h.; and two, whioh had boon at tint 
4 and 6 mm. in length, inoroosod in 24 h. to 15 and 20 mm. 

Tho tips of 10 radicles, which likowise grew well, were COIIoted 
with tho grease for a length of only 1 mm., and now tho result 
was IIOmowhat different; for of these 4 curved themselves to 
the aie,"o in from 21 II. w 21 h., whilst G did not do so. 
Five of tho latter WOfC obtJorved for lin addition",1 day, and now 
All excepting one becrune curved to the sieve. 

l'ho tips of 5 ro.Jicles wore cauterised with nitrate of silYer, 
aud about 1 mm. in length WfIl! thull destroyed. They wefC 
observed for periods varying hotwC(ln 11 h. and 24 h., and wefC 
found to hlloye grown well. One of them had cuned until it 
rome into contact with the sieye; another Wll.ll curving towards 
it; whilst the remlloining three were still vertically dependent.. 
Of 7 not CIIoUterised. radicles obsernd at tho same time, all had 
come inw contact with the siove. 

The tips of 11 radielos wers protected by moistened gOld­
beaters' skin, whioh adheres closely, for II length varying from 
H to 2. mm. Afrer 22 h. to 24 h., I) of these radiclcs were 
clearly bent wwards or had come into contact with the sieve; 
2 were slightly curved in thi8 direction, and 8 not at aiL All 
had grown well. Of U control specimons observed at the same 
time, aU exoopting one had olosely approo.ehed the sieve. It 
appears from these casee that a cap of goldhcators' skin checkB, 
though only to a slight degree, tile honding of the radiole!! to 
all adjoining damp surface. Whether an extremely thin sheet 
of thiB substance when moistened allows moisture from the air 
to pII8S through it, we do not know. One case indicated that 
the caps were IIOmeUmes more efficient than appears from the 
llbove results; for a radiole, which after 23 h. had only 
slightly approoched tho siove, hlld its cap (H mm. ill length) 
removed, and during tho next 15J h. it curved itself tIobruptly 
toward8 tho source of moisture, the ohiof scat of curvature 
hoing tIot a distance of 2 to 3 mDl. from the apel.. 

'".:cia /<lOO.-'1'ho tips of 18 ndiclos wore coated with the 
grooso for a length of 2 mm.; lind it should he remembered 
that with these mdicles tho seat of ohief ourvature is about 
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4 or 5 mm. from the allell:. Four of them were exAmined IIfler 
22 h., throo finer 26 h., and si;l: aner 3G h., and none had 
boon uttnwtod towards the damp lower Burfaeo of the licw. 
III flllothet trial 7 rndicies were similnrly treated, alld 5 of them 
llill pointed perpendicularly downwards .ner 11 h., whilst 
2 were a little curved towards the sieve; by an accident the,. 
'IreI'6 not 8ubtoeqnently observed. In both theeo triRIs the 
radieles grow well; 7 of tbem, which wcre At lint (rom 4 10 
11 mm. ill length, ""ere after 11 h. between 7 &Od 16 mill.; 
8 ... ·hich were at first from 6 to!j mDL af~r 26 h. were 11'5 
\018 mm. illiengtbj and lastly, 4 radiclee whicb were at lint 
5108 mm. "ftllr 46 h. wllre 18 to 23 DlIO. in length. The 
control or ullgreasod mdicles were not invariably aUrlWted 
to"ards the bottom of the sillve. Bllt Oil one ooca.sion 12 out of 
lS, whicb wefC obeerved (or periods between 2"2 h. IUld 3G II., 
were tbus Rttrncted. On two other OOCII.\jion8 IlIken together, 
88 out of 40 were similll tly IIttmclod. On Ruothc r ocCMion 
only 7 out of 14 behaved in this manner, bnt after two more 
dt.ylI the proportion of the curved increa&ed to 17 out of 23. 
00 a 1m oecasion only 11 out of 20 were lima attrnctoo. If 
we add up these numbel'lJ, we find that 78 out of 96 of the 
conlrol specimells curved tbemsciv08 towards tht! bottom of tIle 
Iieve. Of the specimens with greased tipll, 2 alone out of the 
ll) (hilt 7 of lhOll6 wefC not obee"ed for a lIufficiently long 
time) thus curved themllOh·1)II. We C1\n, therefore, hardly doubt 
that tho tip for II length of 2 mm. is the part wbidl i8 fl('nsiti 'l'e 
\0 • moist atmosphere, lind caD808 the ul)per pnrt to bend 
knranisitllOurt':e. 

The til_ of 15 radidcs were enulerililld with nHmlc of sih'cr, 
and tlLey grow as well lUi th06C above dCllCribcd with gl'Cllood 
tipt. After aIL inlefl"al of 24 h., 9 of them were lIot at aU 
eurved towlLrdS the bottom of tbe sie'l'ej 2 were cUn'ElI:I tOlll'llrds 
itatlUlgJOI of rg ami 12" from their former '·ertico.l IJOIlition. 
aDd 4 had come into CI06C contact with it. Thus the destrl.lt­
tionofthetipforaiengtbofaboutlmDl.preventodtbecllrm­
lure of the gree.tcr numb& of these radicle. 10 the adjoining 
damp surface. or 2l coutrol specimcfl8, 23 were bent to the 
.u.ve, and on a IlOOOn(1 (l('lC&Siou 15 out of 16 were similnrly 
turved in a. greater or IC!!ll degroo. ThCllO control trinh! nre 
included in those given in the forcgoiug JlfIra~.,.pb . 

.d_a IIIlItIU.-Tbe til18 of 18 rsdid08, which projected 
between ::I and 4 mOl. from the bottom of the sieve, mnlly of 
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them not quite perpendicularly downwards, were eoa.ted with 
the black groaso for a length of from 1 to It mm. The sieTeIJ 
were inclinod at 80" with the horizon. The grenter number of 
thOllO radiclea were examined after 22 h.,lIl1d a few afier 25 h., 
Imd within thOllO intervale they had grown 10 quickly till to have 
Ilearly doubled their lengthll. With the ungreased radiclea tho 
chiefaeatofcurvaturo js at a dilItanoo of not lOla tban between 
a'5 and 5'5 DlDL, and not rnoro U\.In beh'oon 7 aud 10 rum. from 
the apel:. Out of the IS radieleIJ with gre&aed tips, 4. had not 
moved at all towards tho eioTe j 6 were deflooted towards it and 
from the perpendicular by anglCli VlIorying beh'oon 10'" and 8,)0 j 

alld 3 had oome into clOllO contact with it. I t apllCIIrII, therefore, 
lit fiNt sight that gt(lll8ing the tips of th088 mdiclOll had checked 
hut little their bending to tho adjoiniug danll) eurfaee. But the 
iuspection of the aievCII on two (lI)CMiOWl produced a widely 
dil!'aent impresaiou on the mind; for it Wall impoBBible to 
behold tho radiel(lll with the black greased tipB projecting from 
the bottom, and all th088 with lIngreaacd tipB, at least.w to 50 
in number, elinging clOIOly to it, and feel any doubt that tho 
Jl'l'OOSiug had produced" great effect. On clOllO ommination 
only a Binglo uugf(l8.8O(i radicle could be found which had not 
heoome curved towards tllo siovo. It i& probllblo that if tho 
tips had been protected by grc&96 for a length of 2 mm. irurtead 
of from 1 to 11 rum. they wonld uot hue been &1I'ootoo by the 
moist air and none would have beoome curvuu. 

Triticum "ulg..lrt.-AnalogonH trials were made on 8 radielea 
of the oommon wheat; and l,.'TOIISing their tip' produced much 
ICSII effect than ill the ease of tho oo.t.s. After 22 h., 5 of them 
Imd como into oontact witll tIle bottom of tho siovo; 2 had 
moved towards it 10" and 15°, and ono alone remained perpen­
dicular. Not one of the very nllIll(lrouH ungrcMCd rudielel 
fai led to oome into Cl088 contact with the sieve. These trial, 
wero mado on Nov. 2I:)th, when the temperature Wall only 4c.g C. 
at 10 A.M. We shoulrl hardly have thought thill ease .... orth 
notioe, bad it not boon for tho following eircnOllitance. In the 
beginning of October, when the temperature ........ consid..,rsb/J' 
higher, viz., lIP to ISO C., Wto found that olily II. f ... w of tIM 
'lIlgreAAOd radiclOll became bent towards tho sieT6; and thit 
illdicaie6 that IIOnHiti\'on06a to moisture in tho air ill ineNMed 
hy a low temperature, lUI we have /!OeD \\;lh tho radiclea ~ 
Vicia fuba relatively to objecl& attached to their tipB. Bui in 
the I)resent instanoe it i& poB8ible that adi1fereoce in the dry~ 
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of thea.i rDl.lJ,yhavo caUllOd tho difl'crenceiu the reeullsat thc 
twoperiods. 

Finally, the {acts just given with respect toPlia88olus 
multiJlCfYus, Vicia Jaba, and At'elJa 8alil:a show, as it 
~m8 to us, tbat a layer of grease spread for a length 
of 1; to 2 mm. over the tip of tho radicle, or the 
destruction of the tip by etHlstic, greatly lessens or 
quite annuls in the upper and exposed part the power 
of bending towards a neighbouring source of moisture. 
We shou ld bear in mind that tho part which bends 
most, lies at some little distancc abovo the greased. or 
cauterised tip; and that the rapid growth of tbis part, 
Ilroves that it liM not been injured by the tips having 
been thus treated. In those cases in which tho radicles 
with grcasod tips became curved, it is flO8Sible that the 
layer of grease WM 1I0t sufficiently thick wholly to ex­
c1udo moisture, or that a sufficient length was not thus 
prowctod, or, in tho case of the caustic, not destroyed. 
When nwicles "ith greased tips nre left to grow for 
IICn~ral days ill damp air, tho grease is drawn out into 
the finest reticulated threads and dOli!, with narrow 
portions of the surface left clenll. Such portions 
would, it is probnble. be able to absorb moisture, and 
thus we e&n account for several of tho radicles with 
greased t ips hnving become curved towllrds the s.ie,"e 
Ilfter all intcrval of one or two days. On the whole, 
we may infer that sensitiveness. to a difference in the 
lllIl.ount of moisture in the air on the two sides of a 
radicle resides in the till, which transmits some influ­
ence t(l the upper part, causing it to bend towards the 
lIOurce of moisture. Consequently, the mOl'cment is 
the l'Cl'erse of tbat e&used by objects attached to one 
sido of the tip, or by a thin slice being cut off, or by 
bring slightly cauterised. In a futuro chapter it 
.ilI be shown that sensitiveness to the attraction of 
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gravity likewise rcsidl'8 in the tip; 80 tlltlt it is the 
tip which excites the adjoining pmts of a horizontall~ .. 
extended radiclc to ocnd towards the centro of the 
(lartl!. 

Sr.OOYDAIl.\" R\DICLES BEOOMIXG VERTICALLY GEo­

TI!OPIC BY TUE Dl:STRUCTION on INJuny OJ!' TIlE 

TERMIN."'-L PAIIT OF TilE PnllfAIlY HAOICU:. 

Sac11S has sl10wn that the laternl or sccondarv 
Ndicles of the ocan, nnd probnbly of other plants, Ilr~ 
notoo on by geotropism in 80 peculiar fl manner, that 
they grow out horizontally or a little incliJ100 do .. m ­
..... ards; and he has fllrthcrshown· the interesting fact, 
that if the end of the primary rndicle be cut off, one 
of the nearest secondary rodicles challg'cs its nature 
and grows perpend icularly do .. mwards, thus repJt\Cillg 
the primary radicle. We repeated this experiment, 
and planted beans with IUllplltated radiclcs in friab le 
peat, and saw the J'{'sult descriood by Sachs; but 
generally two or tbree of the ll(!(londary radicles grew 
perpendicularly dOlnlWaros. We also modified the 
experiment, by pinching young radiclcs 11 little wa~' 
above their tips, between the aMllS of a U-shaped 
picco of t hick leaden wire. 'f ho part I)inched was 
thus flattened, and was afterwtlrds prevcnted from 
groWillg thicker. Fh'e mdjcles llad their ends cut 
on', and sen·ed as controls or standards. Eight were 
pinched; of these 2 were pinched too 8C\'erely anil 
their ends died and dropped off; 2 were not pinched 
enough and were not sensibly affected; the TCmaining 
4 were pinched sufficiently to check tho growth of 
the terminal part, but did not appear otherwise illjured. 
When the U-shaped wires were removed, after all 

• 'Arb(!iteu80t.lflltitul,WllTzburg;lIeftil'.l87.,p.622. 
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intcml.l of 15 days, the part beneath thc wire was 
found to be very thin and easily broken, whilst the 
part abol'e was thickened. Now in these four CIl.SCS, 

one or more of tho BCCOndary nl.d.iclcs, arising from 
the thickencd part just above the wire. had grown 
perpend icu lurly downwards. In the best ctule the 
primary radicle (the part below the wire being 1, inch 
in length) WIl.S somewhat distortOO, aud WIl.S not half 
as long lUi three adjoining secondary radicles, which 
had groWJl yertically, or almost vertically, dowlJwards. 
Some of theae secondary radicles adhered together or 
had become confluent. We leanl &om these four cases 
that it is not necessary. in order thnt a secondary 
radicle should assume the nature of II. primllry one, 
that the latter should be actually ampntated; it is 
sufficient that the flow of sap into it should be 
checked, and consequently should be directed into the 
adjoining secondary rndicles; for this seems to be 
the most obvious result of the primary radicle being 
pinched between the anns of a U-shaped wire. 

This change in the nature of secondary rnJicles is 
clearly analogous, Il.S Sachs has remarked, to that 
which occurs with the shoots of trees, when the leading 
one is destroyed and is afterwards replaced by one or 
more of the lateral shoots; for these now grow upright 
instead of sub-horizontally. But in this Jatter casc 
the lateral shoots are rendered apogeotropie, whereas 
... jth radiclcs the Jaternl ones arc rendered geotropic. 
We aro nnturally led to suspect that the st\me cause 
acts with shoots as with roots, namely, an hlcrea.sed flow 
of sap into the Internl onas. We made 8OIllO trials with 
AlMI tom"l1IniB and ptJCtinata, by pinching with wire 
the leading and all the lateral shoots excc)lting one. 
But wo hclic"e that thoy were too old when experi­
mented on; and 80me were pinched too sc\'ercly, and 
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some not enough. Only one case succeeded, namely, 
with the spruce-fir. The lcading shoot was not killed, 
but its growth was checked; at its base there were 
three lateral shoots in a whorl, two of which were 
pinched, one being thus killed j the third was left 
untouchcd. These lakml shoots, when opemted on 
(July 14th) stood at an angle of SO above the horizon; 
by Sept. 8th the unpinched one had risen 35°; by 
Oct. 4th it had risen 46°, and by Jan. 26th 48°, and 
it had now become a little curved inwards. Part 
of this rise of 4SO may be attributed to ordinary 
grolrth, for the pinched shoot rose 12" within the same 
period. It thus follows that the unpinched shoot 
stood, on Jan. 26th, 56° alxwe the horizon, or 34° 
from the yertical; and it was thus obviously almost 
ready to replace the slowly growing, pinched, lead­
ing shoot. Ncvertheless, we feel SOllie doubt about 
this experiment, for we have since observed with 
spruce-firs growing rather unhealthily, that the lateral 
shoots near the summit sometimes become highly 
inclinoo, whilst the leading shoot remains apparently 
sound. 

A widely different agency not rarely causes shoots 
which naturally would have grown out horizontally to 
grow up vertically. The latcml branches of the Silver 
Fir (A. pectinata) are oftcn affected by a fungus, 
1Ecidium elatinum, which causes the branch to enlarge 
into an oval knob formed of hard wood, in one of 
which we counted 24 rings of growth. According to 
De Bary," when the mycelium penetrates a bud be­
ginning to elongate, the shoot developed from it 
grows vertically upwards. Such upright shoots after-
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wards produce lateral and horizoutal branches; and 
they then present a curious appearance, as if a young 
fir-tree had grown out of a ball of clay surrounding 
the brauch. 'fhese upright shoots have manifestly 
changed tlleir nature and bceome apogootropic; for if 
they had not been affected by the B..cidium, they 
... ould ha,'e grown out horizontally like all the otber 
twigs on the same bmnehCfl. 'fbis change can hardly 
be due to an increased flow of sap into tho part; but 
tbe presenco or the mycelium will llO.ve greatly dis­
turbed its natuml consti tution. 

Aecording to Mr. Meehan,· the stems of throe 
species of Euphorbia and of Portulaca oleracea are 
"normally prostrate or procumbent;" but when they 
are attaekcd by an 1EcidiulU, they" assume an erect 
habit." Dr. Stahl informs WI that he knows or ge"era l 
analogous C/l8C8; and these seem to be closely rclnted 
to that or tbe Abies. '!'he rhizomes of Spar-gallillm 
Nmoaum grow out horizontally in the soil to 1\ COil ­

liderable length, or are diageotropic; but F. Elf"ing 
found that when they were cultivated in water 
their tips turned upwards, and they became apogeo­
tropic. The same result followed \lheu the stem of the 
pMllt was bent uutil it crocked or Wail merely much 
bo ... ed.t 

No explanation has hitherto been attempted of such 
CIl8eS ail the foregoing.-Ilamely. of secondary radicles 
growing vertically downwards, alld of lateral shoots 
gro~-ing vertically upwards. after the amputation of 

viGUllrnhletve.l ('Fk>ra,'1878, 
p. S2~) Ih.or.t Ihe ullderl\"NUod 
~or7·riti.,..,.,~bood 
.. c~lIrup .. henl"e\.'l'rt'lbo ..... 
pound..,. remoYe<1, Iud ... holl 
tb" rbi~ .. tekcptllUtl.l'ltll· 
mcno.-dill "'Ii.cr. 
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the primary mdicle or of the leading shoot. 1'ho 
following considerations give us, as we believe, tho 
clue. :Firstly, any cause which disturbs the con­
stitution - is apt t<) induce reversion j such os the 
crossing of two distinct races, or a change of oon­
diti<)IlS, os WhCll domestic animals become feral. 
But the case which most concerns us, is the frequent 
appearance of peloric flowers on the summit of a stem, 
or in the centro of the infloresccnce,-pn.rts which, it is 
helie'led, receive the most sup j for when an irregular 
flower becomcs perfectly regul3r or pcloric, this may 
he attributed, at least partly, to reyersion to a primi­
tive and Ilorillal type. E\'en the position of a seed at 
the end of the capsule sometimes gives to the seedling 
de\'cloped from it a tendency to revert. Scoondly, 
reversions often occur by mealls of buds, independently 
of reproduction by sood; so that a bud may revert to 
tho chamcrer of a formcr stl\te many bud-gcnerations 
agO. In the case of animals, rcYersioDS may occur in 
the individual with advancing age. Thirdly and 
lostiy, radicles when they first protrude from the seed 
are always geotropic, and plumules or shoots almost 
lliways apogeotropic. If then any cause, such as an 
increo.sed lIow of sap or the presence of mycelium, 
disturbs the constitution of a lateral shoot or of a 
secondary radicle, it is apt to rovert to its primordial 
state; and it becomes either apogeotropic or geotropic, 
M the case may be, and consequently grows either 
vertically \lpwaros or downwards. It is indeed pos-

• The fMtson .. hioh the {ol· xiv. On peloric flowel'll, chap.. 
lowine: eon.chl.ioIl8 are founded xiii.p.B2;&.ud_p.S37<>uthdr 
ure glven In 'Tho Variation of pooition on tho plllnt. With 
An;mal,andPlllntioundetOotnOlll· l"e,poct W IIOI!ds, p.8-10. On J'&o 

tieat\ou;2n(\eo.lil1875. O,,(h& vel'$ionbymeansofbud.,p.4S3. 
""\Jjj(lII looding to r~venion IlOO chap. xi. vol. i. 
chap.J;ii.vol.ii. and l'.t.9,cilap. 
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sible, or e\'en probable, that this tendency to roversion 
IIIl1y luwe been increased, as it is manifestly of service 
to the plullt. 

SUllllARY OF CUAI'TElI. 

A part or organ may be called sensitive, when its 
irritation excites movement in au adjoining lll\rt. Now 
it has been shown in this chapter, that the tip of the 
radicle of the beau is in this sense sensitive to the 
contact of any small object attached to one side by 
shell!lC or gum-wllter; nlso to a slight touch with dry 
('Hustic, and to 11 thill slice cut off one side. 'l'he 
mdicles of the pea were tried with attached objects 
a.nd caustic, both of which acted. With Pluuooiw 
",uUijlorl18 tbe tip wus hardly scllllitive to small squares 
of attached card, but wus sensitive to caustic and to 
slicing. The radicles of 'l'ropteolum were highly sen­
sitive to contact; and so, as far as \\'0 could judge, 
,,'ero those of GOB81Jpium herbauum, and they were 
certainly sensiti,'o to caustic. The tips of tho nldiclcs 
of Ou;mrbita oviJera were likewise highly iJCnsi ti\'o to 
cllustic, though only moderately so to contact. Ra­
pltanta 8atit.'US oll"cred a somewhat doubtful case. 
With ..&scu lus the tips were quite indilrercllt to 
bodies attached to them, though sensitive to caustic. 
Those of Quereta robur and Zea mays were highly sen· 
sitive to contact, as were the radicles of the latter 
to c!l1lStic. In several of these cases the dill'cronce ill 
»CllsitivCIICSS of the tip to contact fLnd to caustic was, 
u we believe, merely apparellt; for with GOSSypiUlll, 
RaphfLIlUS, fLnd Cucurbita, the tip was so fine fLnd 
8exible that it was very difficult to attach /lily object 
to olle of ita sides. With the mdicles of 2Escuius, 
the tips "ero not at all sensith'e to small bodies 
at tached to them; but it does not follow from this 

eCml Wrk A"~ rwnnll 
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fact that they would not have been sensitive to some· 
what greater continued pressure, if this could have 
been applied. 

'i'he peculiar form of sensiti\'cncss which we are 
here considering, is oollfincd to the tip of tbe radicle 
for a length of from 1 mm. to 1' 5 mm. 'Vhen this 
part is irritated by contact with auy object, by caustic, 
or by a thin slice being cut off, the upper adjoining 
part of the radicle, for a length of from 6 or 7 to 
even 12 mm., is excited to bend away from the side 
which has been irritated. Sollie influence must there­
fore be transmitted from the tip along t he radicle for 
this length. The CUfmture thus caused is generally 
symmetrical. 'fhe part which bonds most apparently 
coincides with that of the most rapid growth. The 
tip and the bOMI part grow very slowly and they 
bend very little. 

Considering the widely separated position in the 
n~getuble series of the se,"erol above-numed genera, 
we may conclude that the tips of the mdiclcs of all, or 
almost all, pltmts are similarly sensitive, and transmit 
an influence cansing the upper part to bend. , rith 
respect to the tips of the secondary radi('les, those of 
Vida j{tba, Pisum sativuln, and Zea mays were ulone 
obscrw:d, and they were found similarly sensitive. 

In order that these mo,'ements should be properly 
displayed, it appcurs necessary that the radiclCj 
should grow at their norlllal rate. If suLjecred to 8 

high temperature and made to grow rapidly, the 
tips seem either to lose their scnsiti,'cness, or the 
upper part to lose the power of bending. So it 
appciLn to be if they grow very slowly from not being 
vigorous, or from being kept at too Iowa temperoture; 
also when they are forced to germinate in the middle 
of the winter. 
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The curvature of the radicle sometimC!S OCCUTS 
within from 6 to 8 hOUTS after Ute tip hi\.!! been irritated, 
ami almost always within 24 h., exccpting in tho 
CMO of the mossivo mdicles of 1Esculus. The curva­
ture often amounts to a rectangle,-that is, the ter­
minal part bends ullwardB until tho tip, wh.ich is bllt 
little curved, projects almost horizontally. Occa­
sionally the t ip, from the continued. irritation of Ute 
attached object, continues to bend up until it forms a 
hook with the point directed towards tho zenith, or 
a loop, or oven a spire. Mter a timo tho ril(licle 
apparently becomcs accustomed to the irritation, i\.!! 
occurs in the caso of tendrils, for it again grows down­
wards, although tho bit of card or other object may 
remain attached to tho tip. 

It is evident that a small object attached. to tho free 
point of a vertically suspended radicle Clln offer no 
mechanical resistance to its growth i\.!! a whole, for the 
object is carried downwards il!!I the radicle elongates, 
Of ullwards i\.!! the mdicle curves upwards. Nor can 
the growth of the tip itself be mechanically checked 
by an object attached to it by gum-water, which 
remains aU tho time perfectly soft. The weight of 
the object, though quite insignificant, is opposed 
too the upward curvaturo. 'Vo lIlay therefore conclude 
that it is tho irritation due to contact which excites 
the mOl'ement. The contact, howeyer, must be l)ro­
Iungod, for the tips of 15 radicles wero rubbed for a 
.hort time, IUld tbis did not cause them to bend. J lero 
then we ha"o 0. CllSO of specialised sensibility, like 
&hat of tho gtamm of Droscm; for these are ex~ 
qaiaitely 8Cnsitiye to the slightest pressuro if prolongetl, 
bat not to two or throo rough touches, 

When tbo tip of a mdiclo is lightly touched. on 0110 

lide with dry nitmto of silver, tbe injury caused is 
o 
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very slight, and tho adjoining upper part bends away 
from the cauterised point, with morc certainty in most 
cases than from an object attached on one side. Rere 
it obviously is not the mere touch, but the effect 
prol\uced by the callstic, which induces the tip to 
transmit some influence to the atljoining part., causing 
it to bend away. If one side of the tip is oodly 
injured or killed by the caustic, it CCflSOS to grow, 
whilst the opposite side continues growing; and the 
result is that the tip itself bends towards the injured 
side and often becomes completely hooked; and it is 
remarkable that in this case the adjoining upper part 
does not bend. 'fhe stimulus is too powerful or the 
shock too great for the proper influence to be trons­
mittod from the tip. 'Ve have strictly analogous cases 
with Drosem, Dionroll. and Piuguicula, with which 
plantE a too powcrful stimulus does not excite the 
wntacles to become incurved, or the lobes to close, or 
the margin to be folded inwards. 

With respect to the degree of sensitiveness of the 
apex to contact under favourable conditions, we hal'c 
soon that with Vicia fuba Do little square of writing­
paper affixed with shellac sufficed to cause mo,-c­
ment; as did on one occilSion 0. square of merely 
damped goldbeaters' skin, but it acted yery slowly. 
Short bits of moderately thick bristle (of which mea­
surements have been given) affixed with gwn-water 
u.cted in only three out of eleverl trials, and beads of 
dried shellac under '2ioth of a grain in weight acted 
only twice in uille cases; so that here we have 
nearly reached the minimum of necessary irrita­
t iOll, The apex, therefore, is much less sensiti,'c to 
pressure than the glands of Drosera, for these art 
affected by far thinner objects than bits of bristle. 
and by a very much less weight than '2'koth of a graia. 
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But the m08t interesting e\'idenoo of the delicate 
sensitiveness of the tip of the riuliclc, \I'll..!! afforded by 
its powcrof uiserimill!lting betwoon equal-sized squures 
of card-like and very thin paper, wilen these were 
attllehed on opposite sides, as was obscrn~l with the 
radides of the bean and oak. 

When radicles of the bcilll aro extended horizon­
tally withsquure8 of curd iltta.ched to the loltet'sides of 
their tips, the irritutiOIl thus caused was illways con­
quered by geotropism, which then acts ulHler the most 
fM-oumblo conditions Ilt rigllt angles to the rndicle. 
But when objects were attache<l to the radicles of nlly 
of the above-named genem, suspended l'ertically, the 
irritation conquerod geotropism, which latter power 
at first a.cted obliquely on t110 radicle; 80 that th", 
immediate irritation from the attached object, aided 
by its o.fteHffects, provailed and Ci1usod the radicle 
to bend upwards, until ~olllctimes the point Will! 
directed to tho zen ith, ·We must., howen:r, assume 
tbat the aftcr-etTects of tho irritation of the tip by an 
attached object como into play. only after movement 
has been oxeited. The tips of the radicles of the 1)61\ 
IN'm to be more sensitive to contact than those of tho 
bam, for when thoy were extended horizontally with 
.. uares of card adhering" to their lower Bides, a lllo~t 
I'1lrious struggle ocell3ionaUy arose, sometimes Olle 
abd snmetimes the other force prevailing,. but ulti­
mately b'OOtropism was always l'ictorious; neverthe­
IM'J, in two installces the terminal purt became sn 
IBue'b ('un·ed upwards that loops wero subseqnently 
formed. With tbe pea, tberefore, thl' irritation frolll 
aD atlachNi object, lind from geotropism when actill~ 
a& right anglos to the radicle, are Deurly balanced 
foret'S. ClOl:lely similar results were obscn'ed with the 
Iwizontally extended r-Ulicles of Oucurbila ovijcra, 
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when their tips wero slightly cauterised on the lower 
side. 

}'illally, the several co-ordinatoo movements by 
which radicles are enabled to perform their proper 
fUllctious are admirobly perfect.. In wha.tever direc­
tion the primary radicle first protrudes from the seed, 
geotropism guides it perpendicularly downwards; and 
the capacit.y to be acted on by the attraction of 
gTllvity resides in the tip. But Sachs ho.s proved· 
that the secondary ta(\icies, or those emitted by the 
primary one, ate I\ded on by geotropism in such a 
manner that they tend to bend ollly obliquely dowlI­
words. If they had been acted 011 like the })rilMry 

radicle, all the radicles would have penetrated the 
ground in a close bundle. We lun-o seen that if 
the cud of the primary radicle is cut off or in­
jured, the adjoining seoondary mdicles beoome geo­
tropic and grow vertically downwards. This power 
mllst often be of great sen-ice to the plant, when the 
primary radicle has been destroyed by the h\rvro of 
insects, bmrowing animals,or any other accident. 'rhe 
tertiary radicles, or those emitted by the seoondary 
ones, liTO not influenced, at lel\St in the case of the 
bean, by geotropism; so tbey grow out freely in all 
directions. From this manuer of growth of the various 
kinds of radicles, they are distributed, together with 
their absorbent hairs, throughout the surrounding soil, 
as Silchs' has remarked, in the most advanffigoou8 
manner; for the whole soil is thus closely searched. 

Geotropism, as was shown in the last chapter, 
excitcs the primary radicle to bend downwards with 
very little force, quite insufficient to penetrate the 
gronnd. Such penetration is effected by the l>ointed 

• ' Arkltcn Bot. lus\ilut., Wiirzhurg,' H~n iv. ISH, pp. 6OS-{;31. 
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apex (protected by the root.-cap) being pressed down 
by tho longitudinal expansion or growth of the ter­
minal rigid portion, aided by its tmnsl'erso expan­
sion, both of which forces net powerfully. It is, 
h<m'ever, indispensable that the 8C(!ds should be at 
first held down in some manner. Wbf'll they lie 
on tIle btnQ surface they nre held down by the attach­
ment of the root,..hairs to any adjoining objects; IlIHl 

this appnrently is effected by the coIl\'ersioll of 
tJleir outer surfaccs into a ccment. 13ut mnny sec<1s 
get covered up by various accidents, or they fall inte 
crel'ices or holes. Wiih some Sf'e<ls their OWII weight 
8uffices. 

1'ho eircumllutating movement of the terminal grow­
ing pMt both of the primary and secondnry rndicles 
is so feeble that it can aid them I'ory little in pene­
trating the gronnd, excepting when the supcrfieinl 
!uyer is yery soft and damp. But it must aid them 
materinlly when they happen to break obliquely into 
cracks, or into burrows made by earth-worms or inrl're. 
This mOI'eIlHlut, moreover, combined with the sell­
liti"ellCS8 of the tip to contact, can hardly fail to be 
of the highest im[lOrtance; for B.8 the tip is ulways 
endeal'onring to bend to all sides it "ill press on all 
sides, and wiJI thus be able to discriminate between 
the harder and softer adjoining surfi\CC8, ill the smue 
manner tIS it discriminated betWCCIl the attached 
squares of card-like and thin paper. Consequently it 
"ill tend to bend from tho harder soi l, nnd will thus 
fo11oll' tho lines of least resistanco. So it wilJ be if it 
m~ts with Il. stone or the root (jf Imotllcr plllllt in tbe 
lOil, lUI IIlIiSt inccssantly occnr. )f tho tip were not 
IIl"nsiii\'e, Bnd if it did not excite the IIpper part of tbe 
root to bend away, whencl'er it encountered at right 
ADgles some obstacle in the ground, it would be liable 
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to be doubled lip into 1\ contorted mass. Dut we have 
soell with radiclcs growing dowll inclined IlLItes of 
tt!ass, that u.s soon as the til) merely tOllched i\ slip of 
wood cemented across the plate, the whole terminal 
growing }wt clln'cd away. so that the tip soon stood 
at right angles to its (ormer direction; and thus it 
would be with all obstacle encountered in the ground, 
as f!u 8.S the pressure of the surrounding soil would 
permit. We can also understand why thick and strong 
rooicics, like those of £scllllIS, should be endowed 
with less 8Cnsitiveness thaD more delicate ones; for 
the former would be able by the force of their growth 
to overcome ally slight obstacle. 

After 0. radic:le, which has been deflected by BOme 
stone or root from its natural downward course, 
roachcs the edbra of the obstacle, geotropism will direct 
it to grow again straight downward; but we know that 
geotropism acta with very little force, all(l here another 
(lxcellent adaptation, Q8 So.chs hIlS remarked,· cornea 
into play. For the upper part of the radicle,o. little 
(l,bo,·o the apex, is, lUI we havo SOCII, likcwise sensitivc ; 
nnd this sensitivellCM causes the nl(licio to bend like a 
tendril towards tho touching object,80 that il8 it rube 
over the edge of all obstacle, it will bend downwards ; 
find tho curvaturo thua induced is abrupt, in which 
respect it differs frolll that caused by tho irritation of 
ono side of the tip. '1'his downward bending eoincides 
with that due to geotropism, and both will cause the 
root to re8llme its original course. 

A.s mdicles perceive an excess of moisture in tho air 
Oil ono side and bend towards this side, wo llIay iufer 
thnt they will net in the same manner with respect to 
moisture in tilO earth. ~'he sensiti veness to moisture 

• 'Arbeitcn DuL InsL, Wiinburg,' Heftiilp.~~ 
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resides in the tip, which detcnnincs the bending of 
the upper part, 'fbis capacity perhflps partly l\COOunts 
for the extent to which drain-pipes often become 
choked with roots. 

Considering the several facts g iven in this chapter, 
we seo that tho course followed by fI root through 
the soil is governed by extraordinnrily complex Il.nd 
di\'crsified agcncies,-by geotropism acting in a 
different manner Oil the primary, sooondary, and ter­
tiary radielea,-by sensitiyeness to contact, different in 
kiml in the apex and in the part inuncdilltely above 
the al')61:, and apparently by sensitiveness to the 
"Il.rying damllllcss of different parts of the soil. 
These seveml stimuli to movement are all more 
powerful than geotropism, when tbis aets olJliquely 
on a radicle, which has been deflected from its perrlen­
dicular downward course. 'rhe roots, mOfOO\'er, of 
most plants fire oxcited by light to bend either to or 
from it; but 118 roots are not natumlJy exposed to the 
light it is doubtful whether this sensitiveness, which is 
perhaps ouly the indirect result of the radieles being 
highly scnsith'e to other stimuli, is of any service to 
the 1)lant. 'l'he direction which the apex takes at each 
.uccessive period of the growth of a root, ultimately 
determines its whole course; it is therefore highly 
important that the apex should pursue from the first 
the most advantagoolliJ diroction; and we call thus 
understand why sen.sitiveness to geotropism, to contact 
and to moisture, nil reside in the tip, and why the tip 
determines the upper growing part to bend oither 
from or to the exciting cause. A radicle may be 
compared with t\ burrowing animal such as a mole, 
which wishes to penetrate perpendicularly dO\l'Il into 
the ground, By continually mo\'ing his head from 
aide to side, or circUDlllntating, he will feel any stone 

W rk rwn nil" 



200 SUl01ARY OJo.' CllAPTER. Cu ...... llL 

or other obstacle, as well as any difference in the 
Uo.rduC&8 of the soil, and he will tum from that side; 
if the carth is daml>er on one than on the other side 
he will turn thitherward na tl. better hunting-ground. 
Nevertheless, after each intermptioll, guided by the 
scnse of gravity, he will be able to recover his down­
ward course and to burrow to a greater depth. 
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elIA-P'fEll IV. 

TtIK OnUJt:MlI'tlTolTL'IO MOYEllEn'l! or TlIK RTIRAL rABT3 or 

lb'l'IiIlI:PI .. UI,.1. 

Cirwmnu\.&tiGli of W.WI: ooncluding remarkl on-Oireuwnu\.&tiOl1 of 
.10100.: .Id thUl.trordcd in.-i .. ding .moug., tho .'lIlIo( BU ... 
I'OUIIding I)J.nc.-Oireummltation or 8o.e,..tr;..,.......(l ir(;Ulnnnl.tion 
of Dioot,.lcdoooUi leavea-Singular OIeiJla1ory IDO\'Ul>Ol1t of leaH .. 
of Dion __ Lea\'8I of c.nnam. Rnk., night-I..eaYH of GJlIl~ 
.penn.-Or l(o~,.IOOon.--Crl~cludlog remarb 
on the cire\lDlou\.&tioo orlcav8I: generaU,..!.M In tbe8\'coingand 
linklnthemorniog. 

WE have seon in tho first chapter thnt tho stems of all 
soodlings, whether hypocotyls or epicotyls, 1I8 well as 
the cotyledons and the ro.diclcs, nrc continuaUy cir .. 
cnmnutil.ting-thllt is, they grow first on one sido and 
then 011 another, such growth being probably preceded 
by increased turgescence of the cells. As it was 
unlikely that plants shonld chango their mllnner oC 
growth with ad\'Bllcing age, it seemed proooble that. 
the "Brious organs of all plants at. all ages, as long as 
they continued to grow, would be foulld to circum­
nutate, though perhaps to an extremely small extent. 
As it W!\8 important for us to discover whether this 
lI"as the case, 11"0 determined to observe carefully a 
certai n number of plillltlj which were growing Yigor­
ously, and which were not known to move in any 
manlier. We commenced with stems. Observations 
of this kind are tedious, and it appeared to liS that it. 
1II'ould be sufficient to obsen'o the stelUs in aoout 3 

IOOro of gcnem, belonging to ,,;dely distinct familioa 
and inhabitants of ,'arious couutrics. Sevcrnl plants 
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were selected which, from being woody, or for other 
reasons, seemed tho least likely to ciwumnut.o.tc. The 
observations Ilnd the diagrams wero mndo in tbe 
mnnner described in the Introduction. Plants in pots 
were subjected to tL proper temperature, Imd whilst 
being observed, were kept either in darkness or were 
feebly illuminated from above. They 11TC arranged 
in the order adopted by !looker in Le i\Jaout and 
Decaisuc's • System of Botany.' The Dumber of the 
fllmily to which each genus belongs is nppended, 6fI 

this serves to show tho place of cllch in tbo series. 

(1.) n-u umbellcua. (Crnciferm, Fam.lI).-Tllo movement of 
iho stem of a 10ung plant, 4 inchtll in height, oollllillting of 
four intemodtll (the hypoootyJ included) boaidtll • largo bud 

.·ig.70. 

JI>triI -wlata: eirr:amllutalioll of Item of rO"'lIg plallt, traced from 

:~~~i·~~r~~~~I1:~,~~:ehb":ri°::':::o;;:! ~~:II;~~ •. [)j~all;:': 
nduoed to half of original ,t:e. Moyemu~ .. h, ... aho ... n magnifit<l 
bolw~n'ud:;t;'I1'" 

on Ibo IrulU.lll.it, WAIl traood, as here shown, during 2t h. 
(Fig. 70). .As far ae'lll"o could judge tho uppe:nnoat inch alone 
of the stem eircumnutated, IlDd thiIJ in. simplo IDtIllIicr. '!'be 
IDOTCIllCIlt wac slow, and the mte very unequal at differaa' 
timOll. In part of illl COUrB6 an irregular ellipBO, or mUm 
trianglc, was oompletod in 6 h. SO m. 

(2.) Brnuicaduu«'-l(Cmeiferm).-A very young plant, bearing 
th1'OO leaves, of which the longest was onll throo-quartcrt:l of au 
inch in length, wae plaood under a miCl'06OOpe. furnished with 
an eyo-pieoe micrometer, and the tip of the l.argeIIt loa( .. 
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fOlllld to be in oomtllIlt lDOl'emcnt. It ttOMCI:i five diviaions of 
the micrometer, that is, rlmth of an inch, in 6 m.20 So There 
could hardly be a doubt that it WIllI tho lll.em wh.ieh chio1ly 
lDO\'OO, for the tip did not get quickly out of rocUII; and this 
'lll"ouid hM""C o.:currcd had the mOl'omell t booll confined to the 
loaf, which ruO\'6!lupordoWll in nesrlythosn.me\·crtical ll!nno. 

(S.) Lillum wilatiNimum (LinOfa, FlIlIl. 89).-The stoms of this 
pm!!!, shortly before tho floworing poriod, src stated by Fritz 
Mullor ('JonalllCho Zoil8ehrift: n. v. Il.l87) to revolvo, or 
cironmnntato. 

(1.) PdMyonium _al~ {GcrnniBOOlO, Faro. 47).-A young 
plant,71 inchea in height, was obiicrved in tho usual manner; 
hut, in ordor 10 800 the bead at tho end of tho glw ftIamcnt 

}""lg.n 

"'~"""~J "'xI'~ lI ··V _ .JJ'!> 
alJ'!' ./ 

~:'dP.m.Jt4 
rdtJr.""", .. 1lI, _~: cil"Cllmnuut;on or .I~m Dr roung pl~Dt, fHbl;r ill". 

m;"."d (rom .lbon. Mo .. trneat of be..! m~)l:nified about 11 t;me. ; 
trll<lt<l 0" a hOri&ontal "II .... from lloon OD )Iatcb 9th 10 8 ..... on 
tb.LIth. 

and at tho _me limo the mark bcnea.lh, it was nOOOll8aty to cut 
olI" throe i(l&V(le on one rrldo. We do not koow whother it '\II"lI.II 
owing to thie 08U88, or to tho Iliant having previoWlly booome 
bent to one Bido through l1eliotropism, but from tho moming of 
the 7th of March to 10.30 P .•. on tho 8th, ihe stem moved 
• considerable distance in " zigzag line in the &n.mo general 
direction. During tho night of t ho 8th it 1I10Ved to some 
difltancc at right anglO!! to its former COUI"IIC, and nCJ:t morning 
(9th) Blood. for a timo almOllt still. At noon on tho 9th a new 
traciug was begun (1lOO Fig. 71). wllich ww! oontinued till 8 A..1I. 
Ga tho 11th. Botwoon noon on ilio 9th and 5 P.M. on tho 10th 
(i.e. in tho collne of 2!1 h.), tho stem doecribod 1l circle. This 
plant therefor'll eircumnutates, bnt at a voq slow rate, and 10 a. 
aallozlcnt. 

(5.) ~II," fAOjru (1) (dwarfed var. caJled Tom Thumb); 
(Geraniaoe.l, Fam. 47).-Tho spoci6!l of this gonus climb by tho 

_ ThOll Comole Work of Charles Dar I lin 



204- CLRCUlI~UTATION OF STEMS. CIIAP. IV. 

nid of their sensitivo petioles, but IlOmo of them nlso twine 
round supports; but ovon these latoor species do not begin to 
eiroumnutate ill a conspicuous manner whilst yOlWg. Tho 

~ 
· ···V 

1"'b:t:.:tJ~'f!) ;c~%r<l9u;.~~~;;;.n2~~h·~Oml ;f .. ~~~:~ ~!~~~, t~~~~n~ 
of bead magQified .. loou~ :>tim ... , and hece ~uced to half of original 
..,.1 •. 

vlIorioty here treated of ha.s a rnthor thick stem, and is IlO dwarf 
that apparently it dooa not climb in any manner. We thero­
fore wished to ascertain whether tho stem of a young plant, 

oonsisling of two in-
}·ig.73. ternooes, together 3·2 

inehCll in height, ei .... 
cumnutated. It WIlS 

obolerYoo during 25 h., 
and wo see in Fig. 72 
thllotthestem movooin 
ILzigzageourse,indicat.­
ingeircnmnutation. 

({l.) 1·rijolium ruupi­
nalum (Lcguminosre, 
Fnm. 75).-When wo 
trea.t of tho B.loop of 
planb!, wo shnll soothai 
the stems in SCl'eral 

T;l~~~r=t~~I:~~ca~;~I:.n~~~o~.;J =::~~~:fe;~;~ 
A.Y.. to 4.301'.)1. No ... 3m. Trnoiu".- not sarum, Mimosa, lIeli­
gre~tly magnified , reduced to hAlf of lotu8 &e. whieh are not 
(~~n:~:~~e. Plant (""bly illumlnahd climbers,' eircumnuble 

inaconspicuousmnnner. 
We will here give only a muglo iustanoo (Fig. 73), showing 
Ule circumnutation of tiu;, stem of a large plant of a clover, 
'lh.lolium Tt".upinatum. In the oourse of 7 h. tho stem eJumged 
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ita OOUt'lle pooUy eight times and oompleted throe irrcgnlar 
circles or ellilJllM. It therefore circwnnulated rapidly. Some 
oftbe liuOll run at right angles to one another. 

Rl>ke (hybrid): drcumnllbttioa or II~m. tnu:ed OIl hotl..,,,tal 'I .... from 

:~. ~I~~ .:r·~~II~8.~ ... ~lIp~::~illl~=~ r:b~~ ::!"!~.~ 
(7.) llublU ~ (hybrid) (Ro&sccro, FIUD. 76).-Aa ""e hap-

peuoo 10 have a young plant, 11 ineh(l8 .'ir.75. 
in heigbt an(l grow:ing ngoro\lljly, 
which luul been raised from a cross 

OO'WOO" tJ".~I""'Y (n"'"" ".",j ~ and llo r-,'orth A:rnericnn Rub\llj, it WIIS 

obecl"'Vod in the usual manner. DUring 
tho monJing of March 14th tbo stem 
a1mOlt oompletoo a circle, lind then 
IIlO\W far 10 tho right. At 4 P.lf. it 
rel"Ul"!led ita COUfII(!, ~nd now a fresh 
tracing 1l11li begun, which was oon. 
tinued during 401 h., lind is gi,.en in 
F41. 7-1. We bere have wcll-markod 
eUcumnutation. 

(8.) fhut~'" gmcili, (SaxifmgctO, 
ram. 77).-A shoot on a bush abont \ 
III inehes in height ""113 observed. The ~ 
head chll.ngod ita OOuf88grea.t1yelcven JH..t. ... f/'Y'cili$:ci~mnll. 
times in tho course of 10 h. BO m. lAd"" of ''''ro, hpt in 
tFi@". 75), and thero could be no wI; ..... lraud oa ~oti _ 
douhtabont the circurunntation of tho son!.1 ,I ..... f/'Ohl 8.30 

... :i:~t':.:tI~·:r~~:!: 
";;)6:~::'~,~~~h:Uh~b=)'(~~ ~il,I!...""~:~..drtd~ ~ 
pariea), Fam. lOO).-A young plant, half .wI. 
U ioohOi in height, WIUI ob6erroo during JlCru"ly 48 h. Thn 
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acoompanyiDg figuro (Fig. 76) gives tbe necer!!!flry pnrtiClllal"1l., 
amI ~how~ that the stoOl cireumnutated, though rather 
~lowly. 

Fig. 76. 

F"",;,,,, (garden ,"u.): eirentnnbbtion of.tem. hpt ,n darkneu, trateol on 
hori:wntal gl ... ., from 8.30.40.101. to 7 P .... March 20th. llo~etnentof 

budoriginallym"gnifiedaoout4Qtirn!"O,herereduoedtohalfllClll •• 

(10.) Cernu !p'riocillimll, (garden Vllr., sometimes rolled 
Phyllocllctus rnultifiorus) (Cllctcro, Fam. 109). - This plant, 
wWch WM growing vigorously from having boon removed .. 
few days before from tho greenhouse to tho hot-house, W&ll 

ob!erved with especial intefCllt, u.s it I!OOllICd 90 little proooble 
that the stem would circumnutate. Tho bmnehea are fla t, Of 

flabelliform; but !!Orno of them are trillngullll" in section, with 
tho tllree sidCll hollowed out. A bmnch of tWa llltter shape, 
9 inches in Icngth l\IId H in diamcwr,"Wl\S chOllCn for obecn1\­
tion, M le:;s likely to cireumnutate tban a f1abelliforrn brunch. 
The movement of tbo bead at the end of tbo glas8 filament. 
aflb;od 10 tho summit of the bronch, WM traced (A, F ig. 77) 
from 9.23 A.M. to 4.30 P.M. on Nov. 23rd, during whieh time it 
cl:w.nged il8 course greatly 8ix timel!. On the Zttb another 
tracing Will! mado (soo D), and tile bead on tllis day changed illl 
course ofteDCr .. mllking in 8 h. what may be considered III! four 
ellipscs, with their 10nb'Cr lUes differently dircctod. 'f he pooition 
of tho stem and il8 commencing course on tho following 
monling lire likewise 8hown. There ron be no doubt tlmt thil 
bronch, though appooring quito rigid,circulllnutat.ed; but the 
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extreme Ilmount of movement during the timo WM very &mall, 
probabi),ralbcril!68lbanthen,-thofanineb. 

Flg.17. 

C<nw.r~i .... ,cit(:umaatatioaor l tem,lllumiaatedrrom .bo"re, 
tneed 011 • borilOatal gl-. ia J. r .... m II .... 11. t.o •. 30 P ••. 011 So~. 
23n1, and III B from 8.SO ...... 011 tilt 2~tb t.o 8A..11.ol t.b. 25th. 
)lo.emealoftb.beaJill Brnagaiiiod abolll 38 tim ... 

(11.) l/tdffa w~ (Araliaoele, Fa.m.. 114).-Tbo stem ialmown 
to 00 aphciiotropic, and l:I6yerai IIOOdlinga growing in a pot in 
tho grocnhoUIMI bocume bent in the middle of the sumlOOJ' at 
rigbt tonglca from the ligbt. On Sept. 2nd IIOme of th08C Items 
nnl tiod up 110 lUI to lltand verticall.l', and were plt.ood before 
to ncrtb-elUlt window; but to our mrpri8C they wero lIOW 
deeid.odly heliotropic, for during 4. days they eurvoo. th6lIl-
1l61'08 towarda the light, and their OOIll'88 being tmood on a 
boriwntal glass, WR.8 strongly zigzag. During tilo (; succeed­
ing day. tllC)' ciroumnutated over the 8&nle small SI)llOO at a 
aIo" rate, but thero could be DO doubt about their cireumnuta_ 
tion. 'l'bo plants were kept eI&Ctly in tho ¥IDe 1)1_ before tho 
Window, .lId after an interval of 15 daya tbe sLew were 
apiD obien'od duritlg 2 daYIl and their DloveDlcnlll traced, and 
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they "!I'ere found to 00 still cireumnututing, but on" yet smaller 
scale. 

(12.) Gawniu ringfflS (Compoai!ro, Fam. 122).-The circum­
nutation of the stem of a young plaut, 7 inchce in height, u.s 
measllI"(lo;l. to the tip of the highcet ICtlf, "!I'M tmeed. during 
83 h., and is shown in the n.coompallying figure (Fig. 78). Two 

~·ig. 78. 

Gault.a ",'""enI: dr<:unlnul~ti"u "f ttern traced from 9 ..1..:11. ~Iar<:h 215' 
to 6 F.M. on 22nd; pl~nt kept in darh .... 1t["~tm.ntofhudatlh. 
C\""" or the obunati",", magnified :w time-., hne muoed to half the 
originaloealt. 

Illllin lint"» mny be observed running at nCllrly right Iillglcs to 
two other mmn linCll; but theso arc interrupted by small 
loops. 

(lB.) AuUfG Indica (Ericinero, Film. 128).-A bush 21 inches 
in heightwu.s selected for ob6erva!ion,undtllOcireUlllllutn.tion 
of iiB lending shoot waa !meW. during 26 h.40 m., u.s shown 
in the following figure (Fig. 79). 

(14.) Plumbago Ov~i8 (plumbaginCD), Fam. 19.1).-A small 
laleml bflLIlch which projected from a tall freely growing bush, 
at au angle of 85° above the horizon,wu.s selected for obser­
vation. For the first 11 h. it moved to a. considerable distn.noe 
in a nearly straight line to one aide, owing prooobly to He 
having boon previously deflected by the light whilst standing in 
the greenhouse. At 7.20 P.~. ou Mflreh 7th a frosll tracing InI8 
begun Iilld continued for the next 43 h. 40 10. (1lOO Fig. 80). 
During the first 2 h. it followed Denrly Ule same direction aa 
before, fUld then changed it 0. little; during the night i\ 
moved at nC8.rly right angles to its pre"ioua course. Nm 
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dRY (8th) it zigzagged gfCatly. und on tho 9th movod irregu­
larly round And round a BUlAlI circular apace. By!l P .•. on 
the 9th the figuro had become 110 complicated that no more dotl! 
oould be made; but the shoot continued during the oTlming of 
the 9th, tho whole of tbe lOth, and the morning of tho lI tll to 

Fl".79. 

A."z",IIIllictJ, (ircomQlltatioll 
or Ium, illnmluted from 
abon, I""'" oa hori..,,,,..' 
,I.., fro ... 9.3O .... x. 31arcit 
9th 10 12.10 ... 111 ..... tbt loth. 
BQt on the motlling of the 
10th olllJ fo~r dot. ... , .. 
made bet .. "~ 8.30 A .•. 
... d 12.10 P.x., both b .... n 
illc\IWItd,Mtilattlo.et;ircllJD' 
1I"t&liolllallotf.itl rrepno­
Mnud In tllil .-rt of tht 
diagram. Moyemenl of thl 
buJ h .... m.,nlued lboout 
30 Ii ...... 

~ 

I 
I 

~ 
Pl~~~ ~r:;;iI ~f c~rci.~en:.:i 

branth,u.c.doaborilolltal 

fl~h ~';'hlll to7;op.:":~ Ih: 
9th. ".,yemenl of bud 
magDi6ed 13 tim ... I'l.nt 
feebly iIlumiJl3~d from 
.bon, 

tireumnutate over the same mud! space, which was only about 
tho nth of an inch ('97 mm.) in diamewr. Although this 
hranch cirenmnuwtod to R very IIIlmll (lJ:tent, yet it changed its 
eourae frequently. The movements onght to have boon more 
lIIt.gIli6o:l. 

(15.) AIOYlia cilriOOQra (Yerbenaoete, Fam. 173).-Th6 follow. 
ing 6gure (Fig. 81) giVCII the moyemenhi of a shoot during .. 

"', j oll!!CO I >N 
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31 h. 40 m., lIond shows that it eircumnutated. Tho bush was 
15 inches in hcight. 

(16.) Verbena melindru (?)(a scarlet-flowered herbaooous '\'8.r.) 
(VerbenRCCro).-A shoot 8 inches in llcight iHm bocn laid hori· 
zontally, for the sake of observing its apogootropism, and the 
tenuinal portion IUld grown vertically upwards for a length of 
11 inches. A gla.ss filament, with a helld 6t the end, was fixed 

Fig. S~. 

''''~-~---=-=--=------, 

l {rWII<I flWli~dr .. , ~ir~lln'nlltat!on or $tCIn in <larkn-. traced on "en; ... 1 
glasa, from,s.SO p.loI. on Jlln. 5th t"l1 A..:M. Jun. 7th. ~I" ... m.nt of 
bead magnified 9 tim ... 

upright to the til), and its mo"cmcnts were tmood during 
41 h. 30 m. on a ,ertical glass (Fig. 82). Under thCllC ciTOIUIl­
I<hmoos the mtaml mo'\'ements wcre chiefly shown; but as the 
line<; from IIlde to side are not on the same level, the shoo~ 
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must have mov(l(l ill a 1)lane at right angles to that of the lateral 
mo'\'elnent, tllJltiM, itruUlltlta'·ecireumnutatcd. 011 the ned day 
(6th)the8hootmovodinthecoltreeofI6h.follrtiloo.totheright, 
and four timOli to the leR; and this apllllrently rol)r060nta tile 
fonnation of four ellipses, &0 that coob waa eompleted in 4. It. 

(17.) CtroiQphyll'lm d~"m (Ceratophyl1cre, }'am. 2-30).-An 
inWl'Cllting IIOOOWlt of tho movements of the atem of thia water­
plllnt hM boon publishod byM.E. Rodier.- The movements are 
oonfinod to the yOUD~ internodes, beooming 1_ lind 1088 lower 
down tho 8lem; and they fire extraordinary frem their amplitude. 
The Iltem8 IOmetimes movod througb an anglo of above 200" in 
6 h., alld in ODO ill~tnnoo through 220~ in S h. 'fhey generally 
bent from right to left ill tho moming, lm,l in an Ol'lKlfIitc dirco­
tion in the afternoon; but the mov~mont was 80mctilDCll tom~ 
ratily rcvcnod or quite arrested. 1t was not affected by light. 
It dOOl not apllear that M. Rodier made any diagram 011 " hori. 
wnW plane rellrcflenting the actual eoUI'1l6 I)ursuod by the 
I~ but he spoake of the" bfflDehefl executing round their 
lIes of gro"th I' movement of torsion!' From the IlIIrtieuiars 
100'\'0 given, aud remembering in tho case of twining plante and 
or tendrilH, how difficult it is not to mistnke their bending to I'll 
points of the oolUll&8II for true torsion, WOllro lod to believo that 
the stelUS of this Ccrntophyllum eireuruuutnto, prooobly in tllO 
lhape of narrow ellipSe!!, ooeh complctod in abont 2G h. The 
following statement, however, !IOems to indicate IOmething 
difr~rcnt from ordinary cirenUIDutation, but we cannot fully 
1U1dcrstall(lit. )f. Hodier says: "11 est aiol'llfacilodo voir que 
Ie mOlnemeut do flexiou 119 produit d'aboNl dal\lJ Ice merithallcs 
np.Orienrs, qu'iJlJO propclgO tlUUik, en i!'lImoindri888.ut du NUl' 
eD!w; landis <iU'IIU oonlrairo Ie ruouvemonl do rnlreutml'nt 
commenoo IlIIr ia partie illt.SrienfO pour 86 terminer. ia pn.rtie 
lU~rieure qui, f}lltll'luefois, peu de tempi! avant de IJO rclever 
kllltlr.flit,formoll\·oo l'n.xounn.nglelrCaail;u." 

(18) C""if,·rw.-Dr. Maxwell Masters stnlC3 (' Jounml Linn. 
Soc.,' Doc. 2nd, U!70) that tho leading shoota of lDauy Couifcne 
dllring tho 1<I'l\$on of their acti\·o groWUI exhibit v~ry remark_ 
able Ulov..,mt!nta of revolving nntation, thnt iR, they eireumnn_ 
lite.. We m.,y fool 8RI'O that the lateral ~hOOt8 whil~t growing 
would exhibit tho &alll(l mOl'ement if eardnlly o1Jfl"rnxL 

- 'Compte. lIendua.' April SGttJ. 1877. Al'lO a IeOOIld notice 
p.bliahed "'I*"kly In Uolltd.1lUX, No,\,. 12c.h, 11177. 

p 2 
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(HI.) Lilillm <llIratllm (Fam. Liliacero).-Tho ciroumnulalion 

Ut:_........n.n.:dr<=umuut.atiollofalt.milldarh ... traoedOllahori~ttJ 
gw., /rom 8 .1..:11. Oil Mar<=h 14th to 8.35 A.lI. 011 16tn. But it Ihould 

~t~O~ t:;\~Ul~.;~:yt;:~~"ft:t~tn~:~~t::lI~t:.:; 61:i.lIin~:r~~ 
of IS h. 15 m. aNI Apr_nted hy along brollen Bne. Diagram muted 
to balforigillllO<;:Lle. 

of tho stem of a plant 21 inches in heigh\ ill roprllGCnted in the 
nbo\"e figure (Fig. 88). 

C'JIfJW1" alU .... ifoli14: dn:umnutation of tum, Illuminate<! from aOO«. 
lrac:<:d.onhori.ont.l/l'l .... from 9.45 A ••. Mar.:h9th to 91'.lI. ou 101 •• 
Tbe1lem/l'n."", rapidly wbilltb.:ing oblu.-ed,that it ",ullotf*liW. 
to Hlimate how m .. tll it. monmenlA wen malnified in the tracing. 

(20.) Oyptruo altn71ifoli,u (Fam. CyperACele.) -A s-
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filament, with. bead at tho end, wall bod acl'OI8 tho summit 
of a young stem 10 inchos in height, eloee beneath the crown of 
elongated lea,.(lI. On March 8th, betwocn 12..20 and 7.~ P.x., 
tho stem dCflCribed an ellip&e, open at one end. 011 tho (ollow­
ing day a new tracing was begun (Fig. 8-1), which plainly 6botl-'8 
thatthe8wmoolnilletedthrooirrogularllguros in tho OOUl'l!e of 
SSh. 15 m. 

Concluding Remark. on the Circumnlltation oj Stems.­
_\.Dy one who will inspect the diagmms now given, sud 
will bear in mind the widely sepamted position of the 
plsnts <lC8C.ribed in the scries,-rcmembcring that we 
have good grounds for the belief that the hypocotyls 
and epicotyls of all seedlings ciroumnutnte,-not 
forgctting the number of plants distributed in the 
most distinct families which climb by a similar moye­
ment,-will prooobly admit that the growing stems 
of all plants, if enrefull y observed, would be found 
to eireumnutato to a greater or less extent. 'Vhen 
we treat of the sloop and other movements of plallts, 
many other cases of circnmnntatillg stems will be 
incidenhllly ~i\·en. In looking at the diagmms, we 
should remember that the stems wero al\\ays growing, 
so that in each case the circumnutnting apt·x as it 
rose will ha\'e described a spire of some kind. 'rhe 
dots were madc on the glasses generally at intervals 
or all hour, or hour and 8. half, and rero then joined 
by straight lines. If they had been made at intcr .. als 
of 2 or 3 minutes, the lines would have been mo£(' 
curvilinear, as in the case of the tracks left on the 
smoked glnss-plo.tes by the tips of the circumnutating 
radieles of sec<Uing plants. The dillgrnllls generally 
approach in form to 0. succession of more or less 
irregular ellipses or o\'als, with their longer axes 
directCf\ to different points of the compnss during the 
am6 day or on succeeding days. Tho stems there-
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fore, sooner or later, bend to all sides; but after a 
stelJl hilS !wnt in anyone direction, it commonly 
bends buek at first iu ncarly, though not quitc, thc 
OPl108ite diT(lC"tion: and this gives the tendency to 
tlu; formatioll of ellipses, which are gem·ndly narrOll, 
Lut Ilot so narrow (IS those described by stolons ami 
ka'·(>$. On the other hand, the figures sometimes 
nplJfOO('"h in shape to circles. WhateYl~r the figure 
lIlay be, the course pursued is often interrullted by 
l.iW.ags, small trinngles, loops, or ellipses. A stem 
may describe a sillgle large ellipso 0110 day, and 
two on the next. With difforent plants the ('"om· 
Jllexity, nlte, and amount of movement diffen 
much. The stems, for instance, of ] beris and Aulea 
described only Il single large ellipso in 24 h.; 

whereas those of the Dcutzia made four or five deep 
zig1.ngs or narrow cllipses in 11! h., and those of the 
Trifolium thT(!() triangular or qllildri lateral figurea 
in 7 h. 

CmCU)IXtrTATIOX O}' STOLONS OR HUNXERS. 

Stolons consist of much elongated, flexible bronches, 
which TUn along tho surface of tho ground and form 
roots at a. distance from the lmrcnf...plant. 'fhey are 
therefore of the same homological nature ns stems; 
and the three following CilSes may be added to the 
tweuty preriously given cases. 

f~ria (culth"lltod fn'rden TILr.): R~.-A I'I/mtgrowing 
in II pot had emiU('t\ a long stolon; this was supported by. 
sticlr, 80 that itl'mjocteo:l for the length of severnl incheshon. 
zontally. A glllS8 ftlrmu:'nt bearing twe minute IrianglOll of 
Pllpcr WM affi:loo to tho tcnniulIl bud, which WIUI 0. little up­
tunJ(lIl; an(l ilg movcmente were traood during 2111., lUI sho..-n 
in Fif:'. 85. In the course of the first 12 h. it mow~'1 twice lip 
lind twice down in 80mewhat zigzag lineR, IIml no doubt t ..... 
vclloo in the 8IUllO manner during Ole night. On UJ(l followin« 
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morning aner an interval of 20 h. Ule apex stood " IitUe higher 
than it did at first. and thia shows that the atolQn hAd not been 

Fig.8S • 

,/ 
lfTp.m N4lj.~' " 

.. /~r"".mJl. 

\ 

adod. on within thia time by geotropism i· nor had its own 
weight cnnaod it to bend downwards. 

On the following morning (l9th) the glass filament was 
dctachod and retb:od c101l6 behind the bud, '" it al)I)(lIIrOO poe­
sible that tho circumnutstion of tho tenninnl lmd and or tho 
adjoining part or tho stolon might be different. Tho mo.oment 
11118 now trnoocl during two conaccutive daye (Fig. 86). During 
the fiI1lt day tho filament trnvelled in Ill() courso of 14. h. 30 m. 
11.0 tinlcs up /1,11(1 four times down, besidce fIOmo lnternl mo.~ 
mont. On the 20th the course was oVl)n more COml)licntod, and 
t'.an hardly be followod in the figure; bllt tho filament moved in 
16 h. at lenst fivo timefl up II.Ild five timefl down, with w~ry little 

~:tu~ief.e ~::~~t:"~~~~;; ~w::" !;.f~~~~::~.f~ 
nIIIIPllApfCIltheUen,' tS70,p.20) lime. 
\bat the ltolOlllo( thil pl.antue 
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lateral deflection. Tho first Iilld lWlt doL> mado on this 8OC(Ind 
day, viz., at 7 A.M. and 11 ".M., were CI060 together, showing 
that the stolon had not fallon or rison. Novertheless, by oom-

paring its poIlitioli on 
Fig. 86. tho morning of the 19th 

and 21st, it is obvious 
that the stolon had sunk; 
and this may be attri­
butod to slow bending 
dO"ll<'J\ either from its own 
weight or from geotro­
pism. 

During a partoftl102Oth 
an orthogonal tracing was 

~ 
\ 

made by applying a cube 
of wood to the "emea! 

\

""P.-' glass and bringing tho 
apex of Ihestolon at IJUO­
oossivoperiodsintoa line 

\ 'IIllh one edge, a dot 

~
\ helDg made each time on 

the gJI\B8. ThIS tmcmg 

r~1I() \ ~~~;o~:~=~~~;:~; 
ofmovcmontoftheapex, 

~ ... 2(J and iII thcoourscof Uh 
tho distance of tho ex-

[

I ircmodois from one an­
other was 45 mob By 
the srunomethcxl. It Villl! 

flSCcrlamed tbat the apex 
mo,ed bctwoon7 \1I on 

K'a.m..21!' the2Othand8A)I on tho 
j?,..,!J<"'" eircumnutation aftb. Mme .talon 21st a distance of ·82 inch. 

E:inlt.~;t::~;:·f;!':r;:~~~ ~~; ~;;: stoto~o~:e:u';~~~rt: 
that it projected at about 

450 above the horizon, and ita movemont was traced by the 
~me orthogonal method. On tho first day the apex soou 
rose abovo tlle fiold of vision. By tho next morning it lUld 
sunk, and the course pursuod 11'1'9 now trocod duriug 14 h. 
&Jm. (Fig. frl). The amount of moyoment Will! alm06t tho same, 

W rk rwn nli 
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!rom sido to side M up and dovn; and differed in thie respect 
remarbbly from the movement in Ule l)re\ioUII ea..ee. During 
the latter IIIU'i of tho day, viz., bot ..... oon U and 10.80 P.»., the 

fig.S •• 

actual distanoo travelled by the Apex tunoontod to 1'15 inch; 
and in the OOUI'lJO of the whole day to at II.'6l>t 2'67 inch. This 
is &D &DlOunt of movement airooBt oomparahlo wiUI that of 
QllO climbing plant&. Tho lIIUlle ato1oo ..... M obf!ervod on tbe 
following day, And now it moTed in a lIOIlIewhat 1_ eomplex 
DWlner, in a I)hme not far fIOm 'Vertical. The eJ:lreme amount 
of aei:tIfIl nlQ\·ement 1\'11./1 U;5 inch ill ono diroetion, and '6 inch 
in another direction at right anglCII. During neither or these 
days did the stolon bend downwards through geotropiBm or its 
olfIlwcight. 

Fvllr stolons still attached to the pl/l.l\t \\'e1O lruu on damp 
and ill the bR.ck of a room, with their tiptl facing the north-oost 
windon They were thu8 plaood bceauec Do Yri08 saya· that 
they arc aJlheliotroJlio when e:r.poI!Cd to the light of the f!UD j but 
we rou.ld not I)('roei,'o /lily effect from the aoo\'O feeble dcgroe of 
illumination. We may add that Oil another occasion, lato in tho 
IIlIIlIller,SODlO atolOU8, plaood npright before a south-west v.indow 

• '.\ rbeUeIlUoI. IIlIt., WUl"lbwg,'UrJ2,p. 484. 

It 
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on p. cloudy day, became dilltinctlycurved towards the light, and 
were therefore heliotropic. CIOI!C ill front of tllC tips of the 
pI"Olltrnte stolons, a crowd of very thin sticks and the dried 
haulms of ~s were dri"en into the IlfInd, to represent the 
crowded stems ef surrounding plrlni.@ in a stale of nature. Thill 
,. .. as ,lone for the sake of obscl"\'ing how the growing stolons 
would pass through them. They did 80 easily in the COIlMl of 
6 days, and their eireumnulalion apparently facilitated their 
TJIlssage. When the tips encountered sticks so elose together 
that they could uotllllSllbetwecn thcm, they 1"OI!01lP and [JIl.SSC(1 
o,er them. The sticks IIn(IIUl.nlms wcre removed after the 
J)I'IS8age of tho four stolons, two of whieh were found 10 have 
IlAAUillOO a pennanen!ly sinuous shape, and two were still 
straight. Dut to this subject we shall recnr under Saxifmgn. 

Sarifrwja -armnl/OM (Saxifrnge:e).-A plant in a suspended 
JXlt had emitted long branched stolons, which depended like 

~r~::::"~:i~g~lt:;U;l~~~~:~ 1.4~n ... ~~~~~1 ~~gtl~niQ ~rtI:.e;. ~ 
19th. }jo~ementgfend"f.~IQDllU\gnified2·2tjm ... , 

th~ls on all flides. 'fwo'l'l"crc tied upSOflS to stand,crticnlly, 
and tlICir upper ends becamc gradually bent downwards, but 110 
slowly in the COUMl of severnl dp.Y8, that the bending was 1)1"0-
oobly dunlo tlldr weigltt and not to gcotrol)ism. A glM8 filA­
ment with littln triangles of paper was fixed to the end of onn of 
these stoinns, whieh was 17. inches ill length, Illld had alroad)' 
become much bent down, but still projected at a considerable 
nngle aho\'c Ihn horizon. It lDo\'ecl only sliglJtly throo timtlll 
from flidc to !lido and then uJlwards; ou tho following da,. 
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the movement WM even lesa. As thill IItolon WM IJO long 'We 
thoup-Itt thai ill p"rowth was nearly completed, IJO \\"e tried 
llnotherwhich W/UI thicker and shorter, vi~., 10. incheR in length. 
It mond (0"('1111)", ehicfl~· upwards, I\nu chanl-(Cd Ill! COUl"8O five 
timetl in the conne of the day. Dllrin~ the night it curved 80 
much upwardll in ol,po!!ition to p-Tavily, that tho movement 
coul<1 no longer be trnc«l on tho .0rtiCill ~iMII,anu a horizontal 
one had to be UII()(t. '1'he mo'·ement II"IUI followed during the 
ncxt 25 h., lUI shown in }'ig. 88. Tilree ilTtlglllnr ellipses, with 
their longer BleB IIOmewhat differontly directed, were almost 
completod in Iho first 15 h. Tho eltromo actual amount of 
mov~uHmt of tho tip during tho 25 h. "'·M ·75 inch. 

Severnl stolons were laid on a flat slIrfllC(lof dallll) I!lUld, in the 
Amo manuer as ",·ith those of the strnwberry. 1'ho friction of 
the IlIlnd did not interfere witb their cireumnulation; nor could 
we detoot any evideuee of their being eensitivc to oontacl In 
ordc.r 10 I!C6 how in a state of natnre tliey 'I1"ould act, 'I1"ben 
encountering a stone or other obstaclo on tho !mJUlld, short 
l,iCOCll of ~moked ,;ltI88, an inch in height, were Btuck upright. 
in to tho sall(l in front of two Ihin lateml hmnchOl!l. Their tips 
RCmtehod tho smoked Burfnco in .aMouR direcljon~; ono made 
three upward and Iwo downward linCB, 1:>CiduCB /I, nearly hori­
zonlal ono; tho other curled qnito away from tho glfl88; bllt 
nilimatoly both sunn01lnted the glt188 and pursued their original 
COllr<>e. The apex of a third thick stolon swept up tho glass in a 
eurn:tllino, roeoiled aud ng&in CRme into ooulact \1;jlh it; it then 
DlO'ld to the right, and after II/lCII'!nding, dOllCClldcd vertically; 
nitimatelyit IJ8/lI!t'd round oneelldof theglt188 ina\Cll(l of over it. 

Many long pina ","er(! next driven mlher c101l0 together into 
the Mild, 80 118 to (onn a crowd ill (rollt of tho salllO two thin 
ateraJ hmnchCl; but IhCBe easily wound their way tJuough 
the crowd. .A thick stolon '11"1\8 much delayed in il.8 passage; 
atono plllOO it 'l11li foreed. to turn at right anF:IOll 10 itB fonner 
OOUI"flO; at anotller plllCO it oould not 1_ through tho ]lins, 
IUlII Ihn hinder part became bowoc:\; it then curvod up"·/l,rds 
and pn..9IlO(l tllrough an openiug betwocn tllO uPllOr pll.rt of somo 
pina which hapl)('ned to diwrgo; it then dOllCtmded and finally 
eme~ Ihrou~h tho crowd. ThilIalolon WIUI rendered flCl"Ula­
DeIlII,. Binnou~ toa slightdcgroe,and "'"&8 thicker where mnnoW! 
\han e\Joo",·hcre, apparently from il.8 lol~tudinal growth having 
bemchockod. 

C44!1lf!dvr1l1llibillaa (Crnssulaceal).-.A pla.nt growing in II (XUl 

____ -"The Comolete Work of Charles Darwin Online 



220 CIRCUMNUTATION OF STOLO:-lS. Cu .. P. IV. 

of damp mOl!ll had emitteo:l 2 stolons, 2-2 and 20 inches in length. 
One efthosc '\""IISSlIpported,80 thllt II. length ofH inches pro_ 
jootod in " straight IImi horizontal line, lind the movement 
of the apex was traced. The first dot WII8 made at 9.10 A.M.; 

Fig. 89. 

fA /!J lrocn .. mbilicm, cirCutnDuta~i~n ~t . toiOD, tr..ced from 11.15 ".)1:. 
Aug. 25th to 11 .l..X. 27th. P!an~ i!1uminated from .00 .... The 
tenninal intenooe ...... -25 inch in length,the peQultimate 2'25,lUId 
th e tbird 3'Oincheo in ieo!(th. Af"'sof otolon . 1.OO<I at a diot&nce of 
S'75 ioche. fromth. verti""l gl .... ; but ilwu not pIlIIIibletoascertain 
how much the tracing wu magnified, ... it " .... not kno ... n ho ... great 
a lenglboftbeinlernooecirculIlQutated. 

tlU) terminal portion aoon began to bend downwanlB and con­
tinued to do 80 until noon. Thcreroro a strnight lino, VCl1 
nenrlyas long as the whole figure here given (Fig. 89), was first 
traced on the g18Jlll; but tho upper pnrt of this lino lJ.ll,S not boon. 
copied in tho diagram_ Tho eurvaturo occurred in the mlddle 

I W rk f rwin nli 
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of the penultimate internode; and its chief JJeat 1Ii1LI!I at the 
diomoo of It inch from the Apel:; it Appeared due to the 
weight of the terminal portion, acting ou the more fienble 
part. of tho iutornode, And not to gootropilllD. Tho apel: after 
thus lincng down from 9.10 A-X. to noon, IDO'I"ed a little to the 
left; it then I'OfI(l 01' and cireumnuiaiOO in a nearly ,·&tica] 
pilme uutil 10.85 I'.X. On the (ollowing dAY f,lGth) it WD.8 ob-

.·ig.9O. 

)--~ 

ur,;~~:~~ 

~~ .. ....... 
tr'<J..~"M)'-,.~ 

c.A1li«kM -wticq, ciN:umn1ltatio1l and do .. n ... nI mOTement of another 
.tolon,tl'lleedoll'rtrtiralglau,from 9.11 .... JI. AU Il'.2:Jthtoll".JI.27th. 
ApeX d_ to ,1 ...... .0 that figure but littl~ "",,nUled, and here reduced 
tot .. o.tbird.oforlginal.iu. 

IJerTOO from 6.40 A.X. to 5.20 P.H., and within thil tilOO it moved 
twice up &11(1 twice down. On the morning of tho Z1Ul the A)XIX 
Itood lUI hi~h II it did at 11.30 A.X. on lhe 2.jth. Nor did it 
tink dolll'll during the 28tb, but continued tocircumnutate About 
tbewneplaoe. 

Another stolon, ""hieh reeembled the IMt in almoRt every 
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respect, wag ob6crved during the same two da.ys, bnt only two 
inchcs of thc Icnninal portion was ",\lowed to project freely and 
Ilori:tonlally. On the 25th itcontiuued from 9.10 A.M. to 1.30 P.lI. 
to bend ~trnight dOWllWa.rd8, apparently owing to its weight 
(Fig. 00); but lifter this honr until 10.85 P.X. it zigzagged. 
This fact doserret; notice, for we here probobly 1;00 tho combined 
cffrets of tho bending down from weight and of ciroumnnlation. 
Tho stolon, howovor, did not ciroumnutate when it fil'8t began 
to bend down, a8 may be observed in the present diagram, ",nd 
IL8wlLSstillmoroovidentin thc last CIlSC,whell a \ollgerportion 
of the stolon WILS left UIlSUpported. On the following day 
(26th) tho stolon mo\'oo twice up ",nd twice down, but still con­
tioued to fall; in tho evening lind during the night it travelled 
from OOlllO unknown cau.sc in lin oblique direciion. 

'Ve soo from these three cases that stolons or 
runners circum nil tate in a very complex manner. The 
lines generally extend in 0. vertical plane, and this 
lllay probubly be attributed to the effect of the weight 
of the unsupported end of the stolon; but there is 
always some, 1\llll occasionally a considerable, amount 
of lateral movement. The circumnutation is so great 
in amplitude that it may almost be compared with 
that of climbing phmts. 'l'hat the stolons arc thus 
Hided in passing oyer obstacles and in winding between 
the stems of the surrounding plants, the obsen"atiolls 
above given render nllllost certl\in. If they had not 
circummltl~ted, their tips would have been liable to 
ha\'e been doubled up, fiS often ilS they met with 
obstacles in their path; but ilS it is, they cilSily avoid 
them. 'fhis must be a. considerable advantage to the 
plant in spreading from its parent-stock; but we arc 
far from supposing that the power has been gained 
by the stolons for this l)Urpo~e, for circumnutlltion 
seems to be of universal occurrence with all. growing 
parts; but it is not improbable that the amplitude 
of the movement may have been specially increased 
for this purpose. 

I W rk f rwin nli 
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CIUOUM!\'"OTATION OF :FW\I'EII-5Tt::uS. 

We did not think it necesw.ry to mnko /lny speein l 
observations on tho circUll\l\UULlioll of flower-stems, 
these being axial in their nature, like stems or stolons ; 
but some were incidental1y made whilst attending 
to other subjects, and these we will here briefly give. 
A few obserVAtions ho.ve also been mllde by other 
botanists. These taken together suffice to render it 
probable that -all peduncles aud sub-peduncles dr­
cumnutato whilst growing. 

O;WlU O'<rnota.-The peduncle which spring. from tho Ihick 
and woody stem of tbia plaut boors lhrw or four lIub-pedunclCll. 

fig. 91. 

0# .. ___ .. flo ... eT ... t~m, r ... b1r illuminated from abun. itt cireurnnnta-
li"al~t"romll".III.A]>rilISthto9".III.IMb. Sua,mitofflowcr 
II inch" beneath tb~ horiloutal gl_. )lovern.nt 1)roL~bI1 magnified 
abont6 timu. 

A filament wilh little triangles of paper WM hod withiD the 
calyx of a flower which stood upright. Its Dlovements were 
obterved for 48 h . j during the fint half of this time the flower 
ftII fu!!y eJ:l)l1ndOO., und during the lOO::md hall witherO(I. The 
Igure hero g:t,·en (Pig. 91) re~n1ll8 or 9 e11ip'8A_ Although 
the main peduncle cireuOlUutated, und dt'SCribed one l.rge (l.l,d 
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t..-o smaller ellipeel in tho COU1"8El of 2l h., yet tho chief _t of 
mo.emcnt liOl'! in tho 8ub-lJOO.unclea, whicb ultimately bend 
vortically dO"l\llwardB, as will be described in a future ellRpter. 
The JJOO.unclea of OZ4liJ ac~l~ likewi.se bond downward!!, and 
afterwards, when the pod8 &ro nearly mature, upwa.rdl!; and this 
ia effected by ... eircUtllllutating mo.ement. 

It may be 800Q in the abo.e figure that the ftower-stem of 
O.<XII"III_ cireumnutatod during h,o daytl about the 8IUI.le spot. 
On too other hand, the ftowel"-fltcm of O. IIOUitillll undergoes a 
smmgly martod, daily, ponodical change of poeition, when kept 
at a proper temperature. In the middle of tho day it stands 
vcrtice.lIyup,oratahigbangle; iu the afternoon it sinks,and 
in the evening )lrojoota horizontally, or alwost horiwntaUy, 
rising again during the night. This movement continues from 
the period when Ule 1I01ll'"el"ll are in bud to when, all we believe, 
thepodsare mature: and itonght perhaps to have been included 
amongst the ~llod Illocp-movementa of plante. A. tracing 
110"&8 not made, but the angles were measured. at ItlCOlil!llive periods 
duri.n.g one whole day; and these showed that the movement 
wtIIi not continuous, bnt that the pedunele OIIeillatod up and 
down. We may therefore conclude thnt it circumnutlloted. At 
tho bMe of the pedunclo there is ... Ill.IIJjS of small eells, forming 
a well.de,·elopod pulvinuB, which is exteriorly colonred PurJlle 
and hairy. In no other genus,as far as we irnO'll', is the peduncle 
furnished with I. pulvinl18. The pedunele of O. Orl'9ttii behaved 
differently from that of O. _ .itil>ll, for it stood I.t a lC898.1l{:le 
abovo the horizon in tbo middle of the day, than in tho morning 
or (lvoning. By 10.20 I'.K. it bad rison greatly. During the 
middle of the (lay it OBCiIlated much up and down. 

Tr(fQ/ium ~uhtermnmm.-A filament was fixed vertica.l ly to 
the uppermOGt p&rt of tho pedunclo (Jf a young and upright 
flower-head (the stem of the plant hnving been I16CUrcd. to a 
stick)i and ita mo,'cmenta were tmoed during 86 h. Within 
tim time i\ deqcribed (866 Fig. 9-2) a figure which represents four 
ellip!1E8 i bot during the latter p&rt of the time the peduncle 
began to bend downwards, and after 10.30 r.ll. on the 2Uh i' 
eurved 110 rapidly d(.wn, that by 6.45 A.III. on the 25th it stood 
only 19" ",hove tho horizon. It went on circumnutlloting in nearly 
tilo l;IIoIlle po6ilion for two days. Even after the ftower-heI!.d& 
hare buried thell1l!6lvC8 in the ground tlIC)'" continne, as wiD 
bereaft.er be shown, to circnmnul&te. It will also be soon in the 
lIext chapter that the Inb-peduneles of tbo leparaw lIowertoi 
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Tn/oIi"". ""J't'" circumnutaw in a complicated ooun;o doring 
f!e"eral daya. I nlaylldd that tho gyoollhoroof ...'Irudr.i.1IY[1Q1.i(ll(J, 

TnlQJ,'_ 11lW ........... , main IIQ ... e .... peduru=le. illuminated fl"om .bo~e. 
eirullnnQUtloll. Iro.eeoI on horiiWlltai gl ..... rrom 8.40 ...... Ju11Z31"d 
10 10.30 1' .... !!4th. 

which loobeuctl1liko II. peduncie,circwnllutatell whilstgrowillg 
~lIy dOl\'nwards, in order to bury tho young pod in Ihtl 
l{JOund. 

The mo"emenl, of tho flowers of Cyd(l.'I1ItfI ]>frlirllm were Dot 
obIlenOOibut thepoclunclo, whilst the pod ia forming.illcl"Casts 
much in lougth, nnd bows itself down by a circumnntating 
IDOTClucut. A young peduncle of .J[lIl1lYmaia Hmpet"ftor~Rf, 

H inch in length. ""48 carefully obK.-rvod during Ilo whole day, 
and it made ~l narrow, "ertieal, irregular IUld short cllip5C!l, 
.eb lit an aTcmgo mlo of about 2 h. $ lll. .An adjoining 
pedunelo dCJ!lCrihed during tho samo timo limilnr, though fowcr. 
dli~.· Atoording to SachB t tho flOWo;f-Stcms, whilat growing, 

«·Ct~~~O>"I~I~ -::dll:,rjit l~~to~Uook cr llot&.n,..' um. 
o 
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of m~ny plants, for instance, those or })ru.UiC4 "<1PUt, re,·oh·o or 
cirouwnutate; tbOll6 of .Allium pt'ITum bend from side to side, 
and, it th;s mo\'emeut had boon traced on a horizontal glalll!, 
no doubt cllip686 would have hoen torrned. Fritz Miiller lUll! 
doscribod • the spontanoous revolving moycments of the flower­
stem" of an Alisma, which be OOIUpal'C8 with th08C of Ilo climbing 
1)lIm!. 

We mado no ObeervatiOllll on the lDQycments or the difFerent 
parts of flo.".·cn. Mon-cn, howoTer, h.., obier"od t in the 
IitamcIl8 of Sparmannia and Cereus a." fremiSI!Cwent spontan('," 
which, it may be snspoctod, is Ito circumnntatillg movcmcllt. 
The ciroumlllltation of the gyn08lcmium of Stylidium, WI dc­
I;Cribed by Gad,t is highly remarkable, and apilluent!, aid!! in 
tho fertili8atiou of the flo.".·ers. Tbe gynosteminm, whilst sJlon­
IllonooWlly moving, OOtDOll into contact with the viaeid laocllum, 
to which itllodbcl'C8, until frood by the increa.siugtcllsion of t ho 
parts or by beillgtouchod. 

We htwe now seen that the nOIl'er--stems of l)lants 
belonging to such widely different families as the 
Cruciforro, Oxalidre, Legu mill08!C, Primulacero, Scro­
phularincre, Alismacere, and J~iliacere, circumnulnte; 
and that there are indications of this IIlOl'ement in 
Ulany other families. With these facts before UII, 
bearing 1l.1so in mind that the tendrils of lIot a fCII 
plants consist of modified peduncles, we may admit 
Ilithout much doubt that all growing nower-stems 
('ireumnlltale. 

ClllCU~INUTATION OF LEAVES: D ICOTYLEOONS. 

&>\"cflll distinguished botanists, IIofmeistcr, ooclu. 
Pfeffer, De Yrics, Batalin, N.illll.rdet., &c .• hal'e ob-

I~ ;OO. LmmllulllndTl1:vinmng 
l"<'COrding to l'(eff.,.-, 'Die Pe­
"noll",h"" D~ .. ·eg\l"ge",· .te., I~ 
162).t.teth .. t\heflooreNt"lh 
of "'''1 pl~nu WCUI'" dilferHll 
~ilioD.lt.Yllight"Dad"y ... nd 
we .h"ll.,e ill tho eh",'kr on 
the81ccl'"r ' ·lauLl\hlltth l, lm. 

I'liOllrircnmllutaliOtL. 
• ·Jell.lliBche Zeil«'h.,' 8. • 

p. ISS. 
t 'N .. Mcm. de J'Ao:-ad. n. d. 

Urunlke,'toIn.:rly. 18tl.p.!t 
: 'SI!Zungbericht de. bot. , .... 

n'1N> der P. Dl1l1ldcnburg: nl 
p.M. 
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sen·ed. nnd some of them with the greatest care, the 
periodical lIlO"ements of lelwes; but their attentiOIl 
hIlS been chielly, though not exclusivcly, directed to 
th~ which move largely and arc commonly Mid tu 
sleep at llight. From considerations hcrenfter to be 
ginm, plants of this nature are hero excluded, tl.l](l 
"ill Ix! treated of separnt.ely. As we wished to ascer­
tain "hether oJI YOUDg and growing leaves circulllllu­
tated, we tllQlIght thut it would be suffi('ient if we 
obsen'cd betwecn 30 Ilnd 40 genera, widely distribute<l 
throughout tbe vegetable serica, sclecting !lOme 1111-

UlIllal forms and others on woody plants. AI1 tht. 
plallts were healthy ant) grew ill ~ .... t8. Tiley wert­
illuminated from above, but the light I)('rim»s was nOl 
alll'aYB Buflicientiy bright. as mallyof them were 01.1-
ser\-cd nnder a skylight of ground-gIMS. Exccllt in a 
few specified CRS(,9.,!\ fine glass filament with two minuh. 
triangles. oC paper was fixed to the leaves, lind their 
movements were tmeed 011 n FI 93 
vcrtielll glMs (whell lIot stated ~' 
to the cOlltmry) in the manner 

alreadydcscribed. Imayrepcat ~ 
that the broken lines K'present 
thf'lIocturllalcolll'9C 'l'hestt!.m ~ 
lIllS aiwilys 8CCured to a shck, N 
close to tho base of the lCilf 
nndcr obscn'ation The ar-

rangemcnt of tho species, with &,.r><Xft;upu~fI'U'f(I : d",um_ 

the llumber of th '} Family Itp- nutall~n of YOlong pitcber. 

llf'ncled, is the Mille as in the ~ ... ~t~7:.~::",Jt!~ 
";\$..' of stcms, 17e_ISO C. Apu ofpitchr 

20 lncb. (!'(1m gl ....... 

(I.) !<armMII'a purpurm (Sarra- :lB':i.1llt1lt I""tty mag­
_, Film. U).- A young lear, or 
(>itchtr,8i incl101 in height, with the hladder IIWOllen, but with 
tbe hood not as yet open, bad • fltamen t fixed tmn.s\·ersely 

Q ::l 
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IlCl'066 its apel:; it was observed for 48 h., and during the whole 
of this time it circumnutatod in II. nearly siruilnr manner, but 
10 a very small extent. The Irncing gi"cn (Fig. tla) relales 
only 10 Ihe movements during the first 20 h. 

~·ig. 9-l. 
(2.) (,'lau.-il<m 11<1~um (Pnpavo-

racero, Fam. 12).-A young Illant, 
bearing only 8 leavcs, lu«i II fila­
ment ntlnched to tho yOUIlgcl>t leaf 
but ono, which wo.s 3 inches in 
length, including the petiole. Thc 
cireumnutaling nlol'cmcut was 
trneod during 47 h. On both days 
thclcafdcwendedfrorubefore 7 A.l1. 
until about 11 A.l1., lind then 
II.8Ccnded slightly during the rest 
of tho day and the carly part of 
the night. During tholaUcr part 
of tiJenigltt itrcll greutly. !tdid 
not o.scend so much during tho 
sooond as during tIle first day, 9.Ild 
it descendedoooodcrnbly lowor on 
the second night than on tho first. 
This diffcronoo was prooobly duo 
to the illwuinalion from above 
having been insufficiClltduriug Iho 
two days ofobBcrvation. ltscourse 
during the two dllYl! is shown in 
Fig.!}.!. 

(S.) Crambll maritima (Crucifcrro, 
Fam.14).-A leaH! inches in length 
on 110 Iliant not gJ'Qwingvigorou>Sly 
was first obecrred. Its apex was 
in constant movement, bnt this 
oould hardly be traced, from being 

Gl~E~:~~~::i c~:r:~ia ::'~~in%t~~~ng~~~~~:~:; 
to 8.30 ~.x. 16th. TTacing loast 6 times in tho courso of H it. . rr,~r:'i2~~~~1~51~D~h~ i~;:;/~~~~~:, Y,,~:sn~,!!~I{~ 

a1l(1 a filament \I"1l.S affixed to the 
midrih oflhc jhird looffrom tho base, which, with thell(ltiole, .... 1\8 

5 inches in length. ThcJcnfsjoodnplllmOlltvertieally,Lnttholip 
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WILlI deflected, 80 that the filament. projedod IlImost horizontally, 
and ita ruo'l'ernenta were traood duriug 48 h. 00 II veriie&! glase, 
&II MOwn in tho 3000Dlpanying figure (Fig. 93). We here plainly 
fIOOtbllttholcafW118oon_ fir. 95. 

~I~::~~l):;~':~:::~~; 6"~ ...... m 
of ita mO'l'ementawlUl diJ-
torhed by its boing only 
dimly illuminated from 
abovo through a doublo 
skylight. Woillfcrthat. 
thiJ"I\1l.8thoMee,OOcaIU!O 
t'A"oIOlLVOIJonplautagrow_ 
ing out or dOOI"8, had their 
augles abo,o the horizon 
measured in tho middle 
of tho dny and nt 9 to 
about 10 P.lI. on auOOCll­
sivo nights, all(1 they 
Itere fOllnd at tlIlslntter 
hourtohaYorisenbYlm 
a'l"emgenngloof !}"nbo'l"o 
tbeir ruid-dny IlO6ition: 
on tho followiug morning 
they fell to their former 
po!Iition. Nowitrunybe 
obseu(l(l in tho dillgmm 
that tho Icafl'Ol(! during 
thollOCOndnight,80that 
itstoOOatGAOul.highor 
than at 10.20 P.)I. on tho C~ "' .... ,"t ...... , dreumllnt~tion or It~f. 

~~n!t~:~~ltt~~n~ t:::: ;~~r~::t;~:~~~~t~~!~;;~:i 
Ieafadjllsiillgil8dftotho 15finchtorromth,vtrllealglKlla,oolb":l 

!~!;ir~:~ ~~~~ o.telu- ~~~~::!.~:-II:f~~~h:f~1~"!1 ~l~~ 
(4..) 1IrtU4,'ca oln'CI«Q (Crneifene).-Ilofmoiater and ThltaliD. 

date that tho leuC8 of the cabbago ri88 at night, and fall hy 
day. Wo covenld a young plant, bearing 8 100TOll, ODder a large 
btll-g\atia, plrr.c:ing it in the eame poi!itiOD with roIpoot 10 tho 

• 'F1ora,' 1873, p.437. 
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light in wh.ieh it had long remained, and a fllamCllt WIUI bed 
(It the distancc of ·'lof an inch from the apex of a young leaf 
nearly 4 inches in length. Its movemonts were tllen traced 
during three days, but the tracing is not worth giying. Tho 
leaf fel! during tho whole morning, and roee in tho evening and 
during the cru-Iypart orthe night The a.scending and descend­
ing lines did not coincide, I!O that an irregular ellipse WIUI formod 
each 24 h. The bo.sal pl'rt of the midrib did not move,1\.II waa 
llSCertained by llletl.8uring at 8uoc088ive periods ti le angle whioh 
it formed with tho horizon, IJO tllat the moyement W1lo8 confined 
to tho terminal portion of the leaf, which moyed through an 
angle of no in tbe course of 24 h., and the distalloo tmyelled by 
the apex, up and down, wtI8 between ·S and · 9 of an inch. 

I n order to IIS1!ertain tbe effect of darknCSII, a filrunent WIUI 

fixed to a leaf 5, inches in length, borne by a plaut which after 
forming II. head had produoo.:!. a stem. 'I'he lear WIUI inelined 
.t!0 ab(n'O tho horizon, and its movements were tra.eed on a 
vertical gll\J!8 every hour by the lIid of a taper. · During the 
tin;t day the leaf 1'01!6 from 8 A.M. to 10.40 P.IlI. in 110 slightly 
?igzag course,the aetualdistunce tra"olled by the allel: being 
'67 of an inch. During the night tho leaf fell, whereas it ought 
to hMe risen; Bnd by 7 .1. .111:. on the following morniug it had 
fallen ·23 of an inch, and it continued falling until 9.40 A.M. It 
then rose unti110.50 P.)!., but the rise was interrupted by one 
considerable oscillation, that is, by a filII lind re-&l!l!ent. During 
the second night it again fell, but only to a .ery short distance, 
and on the following morning ro-asoonded to a Yery short 
distance. Thus the llormal course of Ihe leaf was greatly 
,lis!urbed, or mther completely inverted, by tile ab&Jnce of 
light; and the movements were likewise greatly diminished in 
amplitnde. 

We may add tbnt, according 10 Mr. A. Stepllen Wilson: tbe 
young leaves of the Swedish turnip, whieh is a hybrid between 
JJ. Q/erw:ea alld ropa, dmw togetller in the evening !iO IlIllch 
"that the horizontal breadth diminishe6 about 50 per cont. of 
the daylight breadth." Therefore tho lcaycs must rise con­
tiiderablyatnight. 

(5.) Dianlhu. cu'yopliyllw (Caryophyllere, Falll. 26). - The 

• ' Trans. Ilol 800. Edinburgh,' 8<."'6 Darwin, 'Anillllllll Bnd Piau" 
wi. xiii. p.82. With re8p«:t to under Domestication,' 2nd l<l.i" 
!heorigillof tlle Swedish turnip. ~ol .i.JI.8H. 

cTh k f hrl lin 
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terminal ,hoot of A young plant, growing ,'ery vigorously, 'U'A!! 
IICleetod ror obeorvation, Tho young leaves at tint stand up 
"ertieslly Illd elMO together, bot they IJOOn bend outward!! And 
downWllma,5O AI! to OOoomo horizontal, and orten At the same 
timo A little 10 one side, A filament WAI! fixed to tho t i]) of a 
r oung ImC wh ilst still highly inclined, Rnd tho tlrst dot WA!! 
mado on tho vertical gll/.S8 at 8.30 A.M, Juno 13th, but it curved 
downwards 80 quickly that by 6.40 A.M, on the rollowing 
moming it stood only A Iittlo above tho horir.on, In Fig, 96 

Fig. 96. 

, ., 

~--L~~ :.~ .. ,~ \1/I·'~P.-.n~ -- -~ ... .-, 
i 

1!).~p .... HI!>I 

DOo:ub. ~yU .. : drcnmaatation of YOIIOC I .. r, tnnd {rom 10.1':' 
r..ll. Jllae la~b to 10,$ r.ll. 161h . .Apu or leaf 1100<1, at the d,_ "r 
011. obHrutiona, 8f iacb~ from the ~t.tical C1Ul, 110 t"..,illl!: not 
glUtly""'gullied. The I.' ..... "1 illch.loar. Temp. UfO-I,!" c. 

\110 long, Slightly zig~ag line representing this rapid downwanJ 
course, which WRII 8Omowllot inclined to tho loft, i8 not given ; 
lont tllO flguro 6how6 tho highly tortnoua and zigzag couno, 
together with 5OlliO loojlll, pursued during tho next 21 dAyli. 
A8 tho loar continued to move all tho timo to the left, it is 
O1iolent that tho zigzag lino repre&enta many cireumnutationll. 

(6.) Camellia JaponiM. (CamelliaeelO, Fam, 82).-A youngish 
.f, 1I'hich ~Iher with ita petiolo W&I 211ncilOi in length and 
whieh arol(l from a side hranch on II. tall b\l.llh, had II. filament 
attached to its IlpeI, This leaf sloped downwards at sn angle 
of!O"bence.lh the horizon. All it WA!! thick and rigid,aud its 
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IlOtiolo very short, much mOl'cment could not be c:'I:pected. 

F;g.91, 

(\17\ 
" ,~ 

NcvortholCSII, the apex changed itB course 
completely IICvon times in tho course of 
IU ll., but moved to only a very small 
distance. On tho noxt day tho movement 
of the apro.: was traced during 26 h. 20 m. 

a.:~~u~:"n~fl~~f. ~:: ::~·~~u!~gbu~);a~~~ ~: ':~~le~~ 
lra~ from 6.40 Tho movement SOOIllij to be periodical, for 

~:~% J~!'I::;~5\~~ ~o~~!~~~ ~~et~e:fa~~~=:u~~~h~ i~~ 
,nebe. from tbe n r day unti l botwoon g and 4 P.llI., Bnd on the 
1;Clt.I .. ~la .. ,1O figure oocond day until 6 P.M.), and t1len rose, 
~~~!d~era;;~p. 7t,t fallin~ again during the night or early 
HlloC. monllug. 

In tho chapter on the Sleep of Plants 
we shall soo that the leaves in severnl MalvaceoWi gellern sink 

Fig. 98. 

~ 
-:.;j~:: 

1(f'.~'p.-.J~ 
Ptla,!J<'f'l'"", ~"""I" circamnntation and do .. mraru mo .... m.nt of yoang 

luf,tracedf,om 9.30 .... lI.Juoe 14th to 6.80 P.lI. 16th. Apu ofluf 
91 inch .. from the ... rtiClt.l gla .. , oo figure moderately magnified. 
Temp.150_1r,lcC, 

nt llight; Rnd lUI they often do not tllcn occupy a "ertical 
position, cspecllllly if they ha"o not been well illuminated during 

Th k f h rl 
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tho day, it is dOllbtful whether !lOmo of thcso cases ought not 
tohll.voOOenincludod in tho prosentcllapter. 

(i.) l'tlaP'9O"iNm _al~ (Gcraniaeem, Fam. 47).-A young 
Iar.f, It inch in breadth, with itlJ )lCliolo 1 inch lon~ borno on 
a ,-oung plant, WI\IJ obaerred in th(l WlUal manner during 61 h.; 
and its oourse i. shown in the I)rocoding figuro (Fig. 98). 
During tho lint day and night tho leaf mo.od downwlUili!, bllt 
circumllutatoo:l bot""oon 10 A.B. and 4.ao P.l(. 011 tho second 
day it I!RlIk and rQ8(I again, but botwoon 10 A.lI. and 6 P.M". it 
circwnnutated on an extremelyamalJllCIlle. On the tWnI day 
the ciroumnutation WI\IJ moro plainly marked. 

(&) (]ial« ditoolor (Ampelidem, Fam. 67).-A. leaf, not noo.rly 
fnll-grown,thethinl from the apex of flg. 09. 
a ehoot 011 a Cllt-dowo plant, WM 
obecrvod during 81 h. 80 m. (_ Fig. 
99). Tho day W1UI oold (150 _160 C.), 
and if the plant had boon obeerved in 
the hot.hoUlle, the circUlllnutalion, 
thongh plain enollgh lUI it WIUI, would 
llrobably ha.o boon far moro 000-
epicuoU8. 

(9.) Vicia faba (Leguminosro, Fam. 
75).-A young leaf, S '1 inchOlil in 
Icngth,mcssurodfrom ba.8eofpelioloto 
end of leaflets, had a filament affixed 
to the midrib of ono of the two ter­
minal leaflets, II.nd ita movements ""ero 
tmcod dnring (il! h. Thefilamentfell 
all morning (July 2nd) till S P.lI., IUId 
then roee greatly till 10.35 P.)!.; but 
the rillO this day WlI8 GO great, com­
pared with that which' qnhseqnently 
octnrrod, that it was probably duo in 
part to tho plant being i1Iuminatod 

O~~:ei.cumnu_ 
UtiOtl or l"f, tn-oed 
from 10.35 ,\,11. ~Ia,. 
:!8thto f1 1'.11.211tb. 
AI"':r or l~.r 8f inches 
from ~h .. erti.,.1 'I .... ' . 

from abo.o. Tho latter po.rt of the ooUI86 on July 2nd ill alone 
giren in the following figure (Fig. 100). On tllo next day 
(July Sni) the leaf again fell ill the morning, then eiroumnu­
tatoo in a oon.8)lkUOIlll manner, and f'OI!O tilll&te at night; bn\ 
the mo"ement WM not traoed ancr 7.15 P.lII., as by that time the 
filament pointed to~'anl8 tho ullper edge of the gl&88.. During 
the latter part of tho uight or early morning it again fell in the 
lIIlIlemannernabeforo. 

© The 0 01 te W rk f Charles D.;Irwln OnlIne 
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All tho evening ri90 and the earll morning full were UllUBUalil 
larpl,thellngleoftllC petiole above tbehorimn'lll'flS ID(lBIJUred 
at tho two Iltlriods, and the loof W84 found to havo risen 19~ 

fig. 101). 

l'ic"'j,,w,, dreumftnl.&lion or leaf, tra~ rrom 7.\:; 1' .•. J"ly ~n'[ to 
10.\6 A.X. 4th. Apu of th. 1.0 term;nal 1"'~II. 71 iaeh. r",m Ih, 
' ·.rlk .. ll/l .... FigllfO btn rtdnctd 10 ,yo-Ihird. "[ori,i",,l """" •. 
T ... ,J>. 17c_lS"C. 

betwoon 12.~ P.lI. and 10.45 P .•. , a.nd to ha\'o fallen 23" 80' 
botwren tile latter hourand 10.~ A.X. on the following morning. 

The ms.in petiole was now 8Ceured to a stick CI086 to tho t.ae 

© The Complete Worn of Char1e~ DarWin Online 
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of tho t'il'O tenninal leafletll, which 'll'cre 1 '4 inch in length; and 
the mO'f'cmentll of ono of them 'll'ere trMlld during 48 h. (_ 
Fiq-. J01). Tho OOUf1lO pursued ill elOllely Ilnalogoull to that or 
the whole leaf. The "igUS' lino betWcetl 8.80 A .•. and 8.80 1' .•• 

on the IIOOOlld day represents 5 vory llmall cllipectl, with their 

r""'I.&;., clrcummutatloDo(onee£th, t"otennlnall_lIeta,themIID 
I~'iol. h .. ing litem _un<!, Ira.;'" from 10.40 A.M. July4!" to 10.00 A.M. 

~;J~~ro%()::~:i~:} :!i~~~:t"~l.~ t~:.:~~:~!~r~~"C. 1'r..,iog hero 

longer IJOII dilfCl'Cutly diroeled. FrolU thOIO ololiervatioll8 it 
follow. that both tho ""hole leaf ILlId the terminal Jeaflctll undergo 
a well-marked daily periodical lDO'f'enJent, riaing in the O'f'Cning 
and falling during tho latter put of the night or early morning; 
whilat in the middlo of the day thoy genomly circUtUllutate 
roondthe8ll.lDoamaUllpace. 

Rl Th .. Comolete Work of Ch~rl .. ~ Dl'rwln Online 
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(10.) Acaci<J rd.,.oifk. (I.eguminosro}.- Tho 1DO"cment of " yOWlg l)hyllOOo, 2!_ i llcil08 in Icngth, fUld inclined I'It a oonsidcr­
ablo nnglo abovo tho horizon, WII8 tmood 

.·iK·IIY.!. tluring 4.5 h. 30m.; butin Ihollgurehcr(l 

1 
gwen (FIg l 02),ltsclI'cumnumtion is BhOWll 
durmg ouly 21 h SO m. During part of 
this time (VI"-, !oJ. h. 80 m.) tbe phylJOOo 
deecnbod.a fignrero-
prosenlll1g 5 or 6 tir· IQ3. 
Blllall elhJl6C6. The 
acll1/l1 amount of 
movcment 111 a ver­
bool dll'QCilon "I'ill-I! 8 
meh The phyllode 

A(dC"I(,mi"""",,: ";r_ roeeoomuderabJybe­
cumaautioa "r • b-oon 1.80 P.31. and 

E?Ju~fi:}~~: !:~~;d~:~~:r:i= 
8.15 .... K. 19th. dAy or ",regular po­
Apero!phyHode9 riodiomovemeut. 

~;~~~~~~;!te,:~~ ~~!.~:~~;:~ 
_Plantswore:ra.isod 

from I!Elld purcbMOd under this name.. 
This it one of the 8peeiCl in twa large 
genua, the Jcavca of 1I'liich do not alool) 
at night. The IlCtiolca rifl6direci from 
tho ground, and are from 5 to 7 inchca \ 
in length. A filament W!1.8 filed to tho 
midrib of one of tho longr'r hmfiets,Rnd 
tho movement of tho whole Icar w !l.8. 'mood, VJ 
118 IIho~'1l in }'ig. 108. In the OO\tr80 of 
6 h. 80 Ill. the filament ..-ent four tilllC6 up 
and three timca dollt'n. A nellt' tracing 
wu then begun (not here given), and . . . 

!~ri::d12!~cnth~i::~ ~~:~; e!h~~!:~ LEu~::!~; 
doecribcd 7! elliJlIl08 in this time, Bnd ,1_", /h>m 10.15 .... 11_ 

~~: !~::~:~:ti~l~~o:h:=:i ~:ri~:~ ~:.';oim.'·e., 
to A IJijck, and tho IlCllIIralo IClfle1.8 were found 10 be oontinUlLlly 
circumnutating:. 

(CJ The Com Dlete Work f Ch rles Darw,n On l, /' 
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(12.) J..'t1.twriall.cJ.uniJ_ (CnwlUlacuo, Fam. SI).- Tbe older 
leavell or this Illant are 80 thick and fleshy, and the young onC!! 
80 short and broad, that it seemed 
"ery improblt.ble toot any cireum­
nutation 00111<1 bo detected. A fila­
ment WIUI tlxed to a young npwanHy 
inclined loof, 15 inch in length and 
~28 in brclldth, which stood on the 
ouWdooflltcrmirudl"Ol!etteoflooyCII, 
producod by a I)i&llt growing Yery 
vigoroWJly. Itsmov(lmcntwlUltrooed 
during 8 dll.ya, aa here shown (Fig. 
1(4). Tho oourso was chicflyin an 
uil .... anl direction, and tbis may be 
attributed to tho elongation or Ule 
leafthrougbgrowlb; but ... ·oseethat 
the liDOll are strongly zigzag, "ud Ulat 
orcaaioually there WlUI distinct cir-

~.':Ji 
/'\J 
\ 
)~ 

:~o~utation, though on a very small £·~;~~.i~q1:~a 
(18.) JJryophyllv.m (yel Calm":"a:) to 8.f~ J. JI. 281h. Apu 

roiycillhln (Crnssullloero). - DnvRl- ofl~af 12t incl •• from Ihe 
Jouve ('Dull. Soc. Dot. de Fmnce,' ,1 ..... .a~h.ltb~mQ .. em.D\ 
.'eb. Wh, 1868) me&llurcd the dis- ;;t~:,~~~gD'fied; temp. 
tance bet .... oen the tiJl80f the UPllCr 
pairor IO&fCfJon this plant, with tho resultahown in the rollowing 
Table. It .bould be noted that the moasurcmenta on Dec. 2nd 
.... ero mado on a different pair or lea,,·Cf!;-

SOn. Iii 

" 19 
Dec. 2 

• Urnrn. 
.48 .. 
• 2~ .. 

.fI.O .. 
.<13 .. 

7 roll. 
.m 
.211 " 

Wa BOO from thi" Table tbat the lelwCI!I stood oousidcrtt.bly 
furtherapll.rt"t21'.K. than at either 8 II.M.or7 ".M.; and this 
8110w9 that they ri&e a little in Uw avening and fall or ollen 
in the rorcnoon. 

(It) DrYMrur«v.ru:lifdia (Dl"OIICrtICCal,Fam.85).-Themov60 
IDl'ntaora youug laflf,havinga louJ; lleliole but with its tent.aciCfl 
(or smnd-lXlftring haira) 11.8 ,et unfolded, l\'ere hooed during 
47 h. It) 01. The figure (Fig. 1(5) chows that it cifClllllllutaled 
\arg1:!ly,ehieDy in a vertical direction. makin;; two cllipll(l800ch 
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day. On both (lays tho leaf began to dCllOCnd nRer 12 or 
1 o'e\ook, "nd ooutiuued to do so all night, though to a 

veryum)(IUnl distance on tho 
twooocasiOll8. We therefore 
thought that tho movement 
WIL8 periodic; hut on observ­
ing throe other leaves during 
I!e\'eral Muooo.ive days and 
nights, we found this to be an 
enor; nnd thc case is given 
mcrelyall a caution. On the 
third morning the above leaf 
occullied ahuOfIt exnctly the 
Ilame position lLIIon the first 
morning; And the tcntlldes 
by this tilll() had unfolded 
aufficienUyto projeet. at right 
angleeto th ... blade or disc. 

The leava. 8.11 they grow 
older gcncro.lIy sink more 
and more dOIl·nwnrda. Tile 
movement of an oldish leaf, 
the shmds of which were 
still lJeCn!ting freely. 'Wall 

traeed for 21 h., during whieh 
time it oontinued to sink a 
little in a slightly zigxag line. 
On the following morning,at 

D,"OVJ'U ...""wij<At" d",umnutat;olt 7 ,4..11., a drop of a solution 

;'! b:~:~fl~i!d:.;:~!:'~::.~ ~~Ie~ of carbouo.to of ammonia (2 
A.M. Juue7th '0 8.30,4. .•. June gr. to 1 oz. of water) WI\II 
9'h. Hgu", he" ""uoN to Olte- plnood on the diac and this 
half on"....! .we. hlackened tho glands and in-

duced inflection of many of tho tentaclce. The weight of the 
droJI caused tho leaf at first to sink a little: but immediately 
a!terwanls it began to ril!lC in a somewhat I'.IIl'Ug oourse, and 
oontillued to do 80 till 3 P.)!. It then eireumnutated about 
the saDie spot on a very rmmll scale lor 21 h.; alldduring the 
noxt 21 h. it sank in Ito rigzag line to nearly tho same level 
wbich it had held when the ammonia Willi first administered. 
Ily Ihis time the tcntael08 bad I"C-e"J.:panded, and tho glands had 
rocovcMi their proper oolour. We thlll ]flfI,rII that an old leaf 
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ciroumllutateaon a811l1l1lllCQle,atlcMtwhilstnbl!orbingcaJ'o 
bonate of ammollln; for it i8 prolooble that thi.s abllorptioll may 
stimulate gro1ll'th aud thus re~cite circUIllUUtatiOn. Whether 
the rising of tho gl&s!! filament which 'll"1LII attached to the back 
of the loof, l'C8ulted from lUi margin boooming slightly inflocted 
(as generally oc~urs), or from the risiug of tho petiola, was not 
/lSCertaincd. 

In order to lenrn whcther Ule tcntaclOll or gland-hearing halrs 
circumnlltate, tile back of II. young lc&f, with the innennost 
tentaciOll M yet incurvod, WlUI firmly cemented with shellfIC 
to a fla.t stick driven into COllllIILCt damp nrgillflCOOU!~ Slmd. 
The plant Will! p!1UlCd under a microscope with the stage re­
nlO\'ed, and with an eyo-piooo micrometer, of which each 
diYiFJion equalled Th of an inch. It should be lStalad that M 
the IeavOll grow older the tentaclOll of tile clterior rows bend 
outwards and downwards, 110 llB ultimately to become ddl~oted 
cousidembly beneath the horizon. A tilntftcle in tha seoond 
row from the margin WII.II 8Clocted for obeervation, lind was 
found to be moving outwards at a rate of Th of II.lI inch in 
20 m., Of Tb of Inch in 1 h. 40 Ill. j but 1LII it like1ll'ise moved 
Cromllide to aide to lin eltilntofabovo m ofinch,themovc­
wcnt W1LII proloobly one of modified circumnutation. A tontacle 
on an old leof W1Lll nut obecrvetl. in the same mauner, In 
15 Ill. after being lll.aced under the microscope it had moved 
abou~ nhrrs of an inch. During the next 7i h. it was looked at 
rfllCatedly, IIDd during tWa whole tiUlO it moved ouly another 
tthrtJ of all inch; and this smnll movoment mOoy hOovo been due 
to the settling of the dam)) I!I\nd (Oil 'I\')lich tho I'lallt rtJIlted), 
tbough the l!I\ud had been linnly pr1ll!lled. do\\'Il.. We ml'ly tbe~ 
fore concludo that tilO tentacles when old do not circulIlnulate; 
yet th.iJI tentado WlUI 110 8(:1l.8ith·o, that in 23 8OOOnd& after iUi 
!I:!aod had boon morely touched with a bit of mw Ineat, it bcgu.n 
tocuriinwaros. This fact is of some iUlportanOO,ll8 it IIppa­
rently shows that the inlioction of tile tilntacl08 from tho I>timulus 
of abeorbe.l animal matter (and DO doubt from that of contact 
-.rith any object) is not due to modified circumnntation. 

(15.) Dioll(l:u 'lnw::ipuia (Df'OI!el'&CeI9).-lt should be promised 
that the lC'8v08 at an oorly stage of thllirdevelopmeut have tile 
two Jobes l'!'eI!SedclO6Clytogether. l'heseareatfirstdJreeted 
had: tonrda tho oentre of tho plaot; but they gradually ri86 np 
and IlOOD sblnd at right angles to the petiole. and ultimatilly in 
nrorlJ' a stmisht line with it. A young loof, which with tho 
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petiole wll.Sonly 1-2 ineh in length, had a filament fixed exter­
naJly along the midriu of tho still e1o~ed lobel!, which l)rojooted 
at right unglca to tho petiole. In the eyening Ihis leaf com­

Fig. lOll. 

/ 

pletedlIDellipeeinthecourscof2h. On 
tho following ooy(8opt. 25th) its move­
ments were tmced (luring 22 h.; IIDd wo 
see in Fig. 106 that it moved in tho same 
general direction,due to the straightening 
ofthclcaf,butinanuUcluelyzigzaglino. 
This lino represenlil &e,-eml drawn-ollt Of 

modifiedellip8Cf!l. 'fheroeallthcrcforobe 
no doubt that tlris young leal cirewnnu­
taW_ 

A mther old, horiwntally extendcd 
leaf, with a filamcut attached along tho 

~
; uuder side of the midrib, WIl3 llext 

obserycdduring 7 h. It hardly mo'·cd, 
bllt when one of its scnsitive hairs 

I 
WIl3 touched, tho blooCli cl~, thongh 
not very quickly. A new dot waa now 

.~\ 
llUldoon the glass, but ill tho eoursc of 
14 h. 20 m. thero Willi hardly any change 
in tllO positiou of the filament. WO lnay 
therefore infOl' that lID old aud only 
moderately scnsitiye leaf does not circum-

m:Du7~~"~fcir~ ~;~a~~t ~~lIi~~~= ';:lI;~_~lIt=nsu: 
r.:f:fr:~ !:~Dhd~~~ ~~~:eris i~:!~I~[ ~h~i~~!:iulI'~~:! 
~~~ft~::~:;~~ ~:~: ~~i~~. does not re-eJcite plain cireuntnu-

:~I>e:< of ltar 13; Anotllcr full-grown lell.f had a fil!UllCn t 

::;~;~=~~~-:;~ :::::~~ne;t~rn~~:!l ~~ft: ;n~:td:l~ ~:~~ 
mentwould mo,-eif tholobosclQ6ll(1.. It 

should be first stilted that, although a touch on one of the 8Cnsi­
tive hairs of a. vigorous loaf ea.U8C8 it to close quickly, ofwlI 
almoat instantly, yet wheIl a. bit of dnml) meat or somo solutioIl 
of ClI.rboulIW of ammowli is placed Oil the lobes, they closo 80 

slowly that genernlly 2-1 h. is required for tho completion of tho 
act. The aboye leaf Willi first obsen-cd for 2 h. 80 m., and did 
not circumnutato, but it ought to have boon obsen-cd for II. 
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longer period i although, AS wo havo IlCCn, a young lcal com­
pleted a fairly large eltip&e in 2 h. A drop of an infUBion of 
raw meat 'Il"1I8 then pIaoed on the l(Sf, and ""ithin 2 h. the glMa 
filament rQII(I a little; and thi, implies that the lobel! hall begun 
to c\08(I, and perha)l8 tho petiolo to riJIC. It continual to rise 
with es.tremo , Iown_ lor the next 8 h. 30 m. The poIIition of 
the pot WM then (1.15 P.lII., Sept. 24th) slightly changed and 
an additional drop of the infusion given, and n. new traeing 
WI\8 bewm (Fig. 107). lly 10.50 l'.lII. the filamcnt had risen 
ooly a little more, and it fell during tho night.. On the follow­
ing morning the lohell were Ill000ing more quickly, and by 6 P.lI. 

it WIUI evident to the eye that they had closed considerably; by 
8048 P.lII. this .... still plainer, and by 10.45 1'.111. the marginal 
~ikOll were intcrloeked. The lcaf fell flo little dllring tho night, 
aDd noxt morning (25th) at 7 A.1II. the lobel! were OOIUI)ietely 
ahut. 'l'he COUl'lJe punroed, u may be /IeCIl in the figure, WM 

fi, .107. 

r 4l'r'! £4Spm.2?' 
.\....~ ~r/-.'lUII~r.t 

. .... ~ .........-- - J 

DOMe • .. -.p.la: clo""" of the lobet &rid circu.malltatiOll of. faU",",,,,, 
'-I, .. ~ilo.l aNan.i., all iar ....... of n .. mell, l need I. darka-, fNm 
7.1~ P.lIL Sept... 2~t.b to \I ...... 26th. AI"~ of Itar 8t iD~b .. (rom Ib, 
verllwglua. Figurt heren<!u'*' totw(>othirdl ofori\:iul _le. 

~11 zigug, and tbis indicalca that the clOlJing of the lobes 
... combined witll tho cireumnntntion of the "'hole leaf; 
aDd tllere cannot be lUuch doubt, considering how motionleaa 
the Ie&! WII8 during 2 h. 80 m. before it roceiv~ ... l the infusion, 
that the a1:llJorptioll of tile aninml mAtter had ncited it to 
eircumnuln.te. The loor WIUI oocn.sionll!Jy obllcrvoo (or the next 
lour daya,butwlUl kept in rather too 0001 A plaoe ; neverlhele59, 
it. eontinued to circUDlnutatc to A small CJ:tenl, and the lobel! 
remained elOfled. 

It it aJroetimOll irlatod in botanical worb thAt the lobel clOllO 
,. I1eep at w/l:ht; but this is an error. To teat the statement,. 
~ long glB!l8 filamenlll wero fixod inside tho two 10M of 
\hreeloav(!!I,nndthodistnnOOllootwecntheirtipilweremClUlurod 
ill the middlo of tho day aDd at night i but no <Wr"rencti could 
be detected. 

The previous observations relate to the movements or the 
.bole 1e&C, but the lobes move independently of the petiole, and 

n 
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seem to be continually opening lind shutting to II very small 
extent. A nearly full-grown leM (afterwards pronG to be 
llighly scnsitive to contact) stood almost bori7.ontally, so that 
by driving a long thin pin through the foliacooU!l petiole close 
to the blade, it was rendered motionless. 1'he plant, with 
a little triangle of paper attached to on~ of the llliIrglnlll spikes, 
was placed nnder a microscope "'ith an eye-piece micrometer, 
each division of which equalled m of an inch. The apex of 
the paper-triangle was now seen to be in constant slight mO\'e­
ment; for in " h. it cl"(l5S(ld nine divisions, or Th- of an inch, 
and after ten additional hours it moved back and had crossed 
~b in an opposite dirootion. The I)lant WM kept in rather 
too coo! a place, lind on the following day it moved rather ICSIl, 
namely, m in 3 h., and m in an opposite dirootiou during the 
next 6 h. The two lobes, therefore, !lOOm to be constantly 
closillg or opening, thongll to a ~'ery small distanoo; for we mus1. 
remember that the little triaugle of paper affixed to tlu"! marginal 
spike increased. its length, lind thus cxaggerated somewhat the 
IllO"Vcmcnt. Similar observations, with the important diffcrence 
that the petiole was left free and the plant kept under a high 
temperature, were made on a leaf, which was healthy, but SO old 
that it did not close whon its sensitive hairs were repeatedly 
touched, though judging from other CIIoSCS it would have slowly 
dosed if it had been stimulated by animal matter. The apex of 
the triflllgle was in almost, though not quite, constant movement, 
~ometimes in one direction and sometimes in an opposite oue; 
IIlld it thrioo erossed. fivc divisions of the micrometer (i.e. m of 
nn inch) ill 30 m. This movement Oil so small a scale is lwnil,. 
comparablewithordi!H\rycireumllUt.."tiouj but it mlloYperhuiJII 
he compared lI'ith tJIO zigzag lines and little loopl:!, by which the 
larger ellipses mnde by other plants are oftell internlptod. 

In tho first chapt.cr of this volume, the remarkahle oscillatoq 
mOI'cmcnts of the cireumllutatillg hY]lOOOtyl of the cabhllge 
ll!wC boon described. The leal'cs of Dionroa. presellt the I:IIUIlO 

phcnomOIlOU, which is IL wonderful one, as I'iewed under a 101'1" 
power C:!-ineh object-glass), witll 1m eye-I)icce micromewr of 
whkh each dh'isiou (Thr of an iuch) appeared as II. rather wide 
~paco. The youngunexp8ndcd lcaf,ofwhich theciroullinutating 
lllovemcnhi wcre traced. (Fig. lOG), had a gl8S1:1 filamcnt fixed 
perpendicularly to it; and the movcment of the apex wu 
ol*crved in the hot-housc (temp. 8-1° to !:\Go F.), wHh light 
ndmiiil)(1 only from uoove,lIlld withauy lateral eUrreuts of air 
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"eluded. The apu IlOmetimee e~ one or two din!lioM of 
the mieromct(>r at an imperceptibly Blow rate, but generally it 
moved onward, hy rapid start3 or jerkB of n," or~, and in 
oneinstaneeorn.~oranjnch. AfterCl\e.hjerkfof"1U'dl!,the 
.pro: drow it.K!lf I:Gckwards "ith oomllnrntivo slownees for part 
of the distanoo which had just boon gainod; and then after IL 

very short timo made another jerk forwl,rds. Four conspi­
cuous j!'rkl forwards, with slower ret~i1.t.u, were seen on one 
oceaaion to ocellr in e:mcUy ono minute, boIIides IlOme minor 
oaeillalions. As fllr as we could judge, tho ad'·1II1c.ing find 
J'(!trmting lines did not coincide, ami if 1lO, OJ:tremely minllte 
elli.-wereooch tillle dCIICribed. &metimOlltheupel remained 
quito motionl('M for a sbori period. Hs general COUI'I!e during 
the IeT('ral honl1l of obeervation WAIl in two opposite dirootions. 
., that the IORf was probe.bly cireumnutating. 

An oldl" leaf with the lobel! fully expnndcd, and whieh WDJJ 

afterwards prol"(ld to be highly sensitive to contnet, was nnt 
obien"tlll in a !limitAr manner, exoopt Ulat the plnut "'11.11 exposed 
to a 10lHlr tempomtnre in a room. Tho IlpeX oaeillated forwards 
An,l baekwArds ill theBalno llIanner IIJI before; but thejerka for_ 
wal'd"'1!1'(l 1(lII8 in extcnt,'fiz.aboutnhminehillnd there were 
longer 1lI0tionll!fl8 periods. As it al)pel.lrOO pos.;iblo that thl! 
movements might be duo to current!! of air, a "'ax taper ""as 
bl.1d flO!'(l to tho leaf during one of tile motionless periods, but 
DOO8t!iHatiuns""erethuseansed, AfterlOm.,howover,vigorou8 
_illations COlllmenced, perhaps owing to the 1)lllnt having been 
1I'J.I1llitId and thus stimulated. Thocandle was then removed and 
bel",., long the oaeillatioWl oeased; nevertheleM, when looked at 
-.:aiD after an intel'fll.l of 1 h. SO m., it _WI Rfmin OIt:iHating. 
The pl.nt WWI taken back inlo the hot-holll;6, 'I\d on the 
roUo~in~ mQrning was !lOOU to be 08('iIIatiug', though not very 
~1l'ly. Auother olll but hcolthy loof, which WIUi not in tlw 
Ieut Ii('ullitive to a touch, wa.s likewillO obllcrved during two 
days in the }IOt.hOliJlO, ILnd the attached filament mado IlIIlUY 
litiloj('rks forwards of "bout ~ or ouly. of an inch. 

Finally,toaseertain whether thelollOll indelICndentiyofthe 
petiole OI!Cillatod, the petiolo of lUI old leaf WAIl cemented clOl.i6 
to the blade with ehollae kl the top of a little stick drjven into 
lie .,il. But berore thm _&II dono the lear wa.s obf!cn'OO. and 
band to be vigorou.s1yoecil\ating or jerking; and after it had 
been «'OIentod to tbe 8tiek, the 08('mations of about n!Iro: of 
.. iueb 'till continued, On the roHowillg day a little infusion 
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of raw meat WI&8 plaoed on the leaf, wbich cauaod the lobe3 to 
elose together vcry fIlowly in the oourso of h;o days; amI the 
oscillations oontinuod during thie whole time ami for the neIt 
tWO daytl. After nine additional days the loof begau to op('n 
amI Ihc margius wcre a little e.erted, Ilnd DOW the ape3: of the 
1_ filalllcut rema.inod for long periods lIlotionlC88, and then 
moved back-wIrdll and forwardll for a dilltall08 of about,.m of 
an inch 810wly, without any jerka. Kovcrthelea, aner ..... anning 
the leaf with II taper held close to it, the jerking mo,'cment 
recommenced. 

This IlI1l1le lOIlf had boon observed 21 months pre.iously, and 
was then found to be oecillating or jerking. We may thcrefore 
iufer that thi~ kind of movement gOOll on night and day for II 
\'ery loug pertod; and it is oonilllOU to young nueIl"IImded lOO\'elI 
and to 100vOll 110 old 8.!1 to ha.e l06t their IICD.fIiti.enCS8 to a 
tOllch, but which w~ro IItill capable of abeorbing nitrogenoU8 
matter. The phenomenon when well d.i8played, IL!I in the young 
lca.f just deecribed, i8 II "ery interesting OU6. It oflen brought 
before our minds tho ideo. of effort, or of III eUlall animl11 
~truggling to Il8CIlpo from some oollstmint. 

(Hi.) t:uroIypj"'ff.inif~ra (Myrta.cero, l'am. 94.).-A yonng \ClI£, 
two inchee in length togcOlcr with 
the petio\o, )roduood by II lateral 
shoot £rom a Cllt-dOwn tree, Willi 
observed in Ole wmal IlUUlncr, 
The blade had not. l1li yet as­
sumed ita vertical )lO&ition. On 
June nh only & fe"'observations 
were made,and the tracing merely 
showed that the lcn.f had mowld. 
three timCII upwards and throe 
downwards. On the following 
day it Willi obeerved more £re. 

E7::i:t::r ~7.~,~~~':;- quenU,.; and two tracin~ were 
'; . ..0 .l.I, to I 1'.11. JUlie Slh; made (/I(l(I A and D, Fig, lOS), as 
B.froDlI !'.II,Slh IOS.S?.t...II, a single one would ha.ebecn too 

~;.J£II:i~;~~~:~~~;':' ~m~::etOOig ~~~arn~h:'~~s,:! 
ofI6h.,chieHy Ulland down, but 

with somo mlcral movement. 'fhe actual amount of luo"emcut 
in anyonedire.etiollWilli HlllI11L 

(17.) Dahlia(gardcD nr,)(Cowpo!titro, FlllIl,I22).-Aftncl0Utg 
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l~f lit inchCl iD lengtb, proiluoo:l by a young plant 2 feet IUgh. 
!!1'OwinA: .... i~roUllly in a large pot, trILl! dirocteo:l at an angle of 
about 45- benooth the horizol!. On JUDe 18th the irofdl)8OOJlded 
fl'OIIl 10 A.X. till 11.85 A.X. (_ F ig. 1(9); it then ascended 
greatly till G P .•. , thill II800Ilt being probe.b!y due to the light 

Fir . log. 

f~:;: 

v Tf~ 
~ 

DaA/i,: c;n:umDUlatiOIlOfl .. r.lrao:edf,..,..,IOA.:Il.JuuI8th 108.1o.4.x. 
~Olh, Lut witb a break ot I h. 40. m. 011 the DlorQlnr of tb, 191h, ... 
owinK loth. ,I ... fil.",eDI poiDtill.g 100 much to ohtliJI, the pot h~J 

t~~::;~~~1aEJ~~AI:!~~Or~?7 Fi~~~~T~,~~~~::~i:~F:i~~ 
ofjuiDCUuti~D, ... d4f iDa hori.ontal HlI.f, 

coming only from above. It zigzagged between G ur. and 
10.85 I'.X" and uoended a little during tho night. It lIhould be 
remarkod tbat thll vertical distances in the IO'lfer part of the 
dia~11l are mueh CDggCratOO., as the I~f \I'M at lim de80eted 
beneath tho horizon, and after it had IlItnk downwards, the 
filament pointed in a very oblique line towardl tbe gla.u. Next 
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day the leaf dtlllOCnded from 8.20 .I.,X, till 7.15 p.x., then zigzagged 
and aeecnded greatly during the night. On the morning of tbo 
20th t he leaf WlUI probably beginuing to dOlCeDd, though the 
IIbon line in the diagram ill horizoutal. 1'ho aetual dillianeetl 
trtr.'ellod by the apex of tho leaf ",·ere oousidorable, but oould 
not be calculated with IIRfcty. From tho oourac punned on the 
lICOOud day, when the plant had !\COOUlmodalod ils!clf to the li~ht 
from above, thero cannot be much doubt that tho lemC!! undergo 
a daily poriodic movement, ~illkillg during tho day and rising 
at night. 

(18.) MutiJilJ cUmaJi, (ComllOf!itllJ).-Tho leaves terrui.nato in 
teodril8andcirclUlluutato liko th066 of other tendril-beIlren; 
hut this plant ill hero mentioned, on lICOOunt of an erronooull 
statement· which bas been )JUblishod, namely, tbat tho leaves 
link /1.1 night and rise during the day. The leaves ",·bich 
behavoo in this manner had heen ke))t for some days in a 
northern room and had not been 8UfHciently illuminated. A 
1)lant therefore ""M left undisturbed in tho bot-house, aud three 
lesv(l6 bad their angles 1ll00811I"(!(1 at noon Imd at 10 P.M. All 
thl"C(l",·oroinclilleo:lalittlobenoaththo hori7.onat noon, but onc 
stood at night 2°, tho second 21°, and tho third 10" higher tium 
in tho mid(llo of tho day j so that instead of sinking they rise 
II Iittlo at night. 

(HI.) (..'yl,cme,. PeniCflm (primulacero, Fam. 135).-A young 
led,l·S of an inch in length, petiole included, produced by I1U 

old rool-atoek, W!&8 observed during throo days in the IIsual 
manuer(Fig, 110), 011 the first dAy tho leaf fell more thanafier­
'A"ardS,al'pB.rently from adjusting itl>clfto the 1igbt from above. 
On all throe da,.. it fell from tho early momiug to aoou! 7 ...... , 
and from that hOllr rose during tho night, the ooun;e being 
slightly :!:ig"l.ag. The mO'-Client therefore is IJ!rietly periodic. 
It should be noted that tho lenr wOllld havo BUlIk each ovening 
" littlelo .... ·cr down than it did, bad 1I0t tho glaM filament rested 
hot woou Ci and G 1'.>1. on the rim of tho pot. The amount of 
movement "'118 oollllidcmble; for if 11"0 a8l'l\UUO that tho wholo 
leaf to tho 1_ of the petiole becamo bent, tho trncillg would 
be magl.l.ifiod rather I_ than fh'e timCfl, and this would give 
to the apex a rille and £all of half 1111 inch, with some lateral 
mo"cmcnt. Thill amount, howeYcr, ",·ould not attract attention 
without the aid of a tracing or mClUlurement of 8Dmo killd . 

• • The i\lc .... lJl("Ilt.l arad llibit.l of Climbing I'lan~· IBi5, P. 118. 
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(:n.) ,Allamando &hollit (Apocynelle, Film. H4).-TheyoUDIt 
I«"'ellof Ihill shrubllre elongated, with the blado bowod I!O much 

)';10. 110. 

\-" 
\ 

KIf ... 4f'i 
C~ p".....,..., circ'U'IlDl>U,liobO(loaf, lBC*i rrom6.oI5.1..1II June ~lId 

Ul6.40.1. ... ~tb. "'pe:<ofl .. C7Iacbufromtb .... rtlca.1Clui. 

dowml'luds lUI almost to form a semicil'de. Tho chord-that 
ii, a lino drawn from tho apex of tho blado to tllO ba.se of tho 
lletiol&-<lf ayoung lcal,4f inehOlS in length, stood at 2.00 P.lI. on 
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248 CIRCUMNUTATION OF U:A \'ES. Cw.p.IV. 

Dec. 5th at an angle of 130 beneath the horizon, but by !).80P.H. 
the blade had straightc.ned itself 

fir· 111. 110 much, which implies tho 
raising of the spox, that tho 
chord now atood at37" abo"e tho 
horizon, find had therefore risen 
00". On tho next day aimilar 
angulnr IllelUlUrementa of the 
831110 loof were lllllde; find at 
nooll the cllord stood 36" ba­
neath tho horizon, IUld 9.30p.lI. 
Sf" abovo it, eo had rillen39I". 
The chief C3lll1O of tho rising 
lUovementlieain thestra.ighteo­
ing of the blade, but thoshori 
petiolo ri.IIOS between 4° and 6°. 
On tho third night tho chord 
stood at S.50abovo the horizon, 
fllld if tho leaf occupied the 

.-- 831110 positioll at noon,lUI on 

~ ~~~. P~~i~:~l~~:i~~!~o ::U~~ 

~ 
changoofcul\'aturooouldbo 
detected. The plant wns then 
brought into the hoUl!e and 
kCI)t in a north-east lOOlU, bu\ 

~ 
at night there was no chnn~ 
in tho curvature of the young 
leaves; 110 that provious oxpo­
sure to a strong light is appa-

--J :~~rm::i:~~:~:::~~~ 
J'd....w~aQIIJ : dO"'Dward mo"e- blade, an~ for tho llIight riaing 

ment .nd drCUmllUu.tioll of" ofthe l)(!tloie. 

:~~~ I~::~~I~ ~~;~.:.~u~~ F~!1.) ll~r-~:f~~ro~ 
:::'It :!;~~ ~.!o:: !~: inro~UII.thntthe l~vCllof this 
pat. Uul., """ ""0W tneill, plant rtIIO In UlOel"emng; but as 
Waf bt,UD U 1M paiDt whe... we do oot know whether or not 

~~~ ,,:~~70~~ ~eC!~ ~:h~sil;!l~~:-~ t~s =: 
p"t ... 1l117,"C. amoogtitslooping-piauUl. 
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(22.) Pel"",,'a viola<w (80lanell3, Fam. 157).-A vel')' young 
leaf,only t inch in length, highly inelinod nl)W9.l'dll, '\II"" obee.n·oo 
for four d&yfl. Doring tile '\II'hole of thill time it bont ouhfl\nia 
and dOW'uwardll, 80 &8 to become more and mol(! Dearly hon.. 
:ronln!. Tho etrongly mark(l{l z.igzag lino in the figure ou p.248 
(Fig. Ill), shows that tllis WIJ.II effected by modifi(l{l cireum­
nutation; auel during Ulolatte:r part. of the limo there '\11'808 much 
ordinary circumnutatioD on • small _Ie. The movement in 
Ule diagram ill magnified bct1l'oen 10 and 11 time&. It e1hibita: 
• clar tmoo of periodicity, lUI Ule looJ l'OII6 a little oo.ch evening; 
but this upward tendoncy a))poonxl to bo almost conquered by 
tho !eaf etriving to booome more and 
morahorip.olitalllll itgrewoldcr, The 
angl08 which 111'0 oldcr leaT08 formod 
together,'\II'cromeasunxlill theeVCD­
ing aud alxmt noon on 3sn(l(l6!!.8ivo 
days, an(l C&eh night tho nngle do­
crooaeda little, though irrogularly. 

(23.).d<aItUi ... mdli.(Acanthaoere, 
FIllIl. 168). -Tho younger of two 
aTOll, 2t inebe8 in length. petiolo 
included, produced by a soodling 
Jllant. '\II'M oheel'\'ed during 47 h. 
wi)' on C8Ch of the three morn­
ings, the lpox or tho leaf fell; and 
it oontinu(l{1 to fall till 8 1'.11., on 
the 1'\11'0 aftel'uoonll whon observed. 
After 3 r.lf. il l'(lIIfI ool1aidornbly, and 
continued to riJi8 on tho IOOOnd night 
until tho elfl)' morning. But on 
the firIIt night itfell iDllleal:i ofriaing, 
and '11'0 havo littlo doubt that thia ,A"""I.\", molUl:e;r'<:~mnnl.A­
was owing to the lear being vel')' lion of young L.~t, traced 

=~: ;'!.t~mre~n~h:~ h:~ :t~~·~~~:~E= 
=~~i~\~)~tl!~t=~;~~ ~;~;:r!nil~=;2!; 
on Do hlghor level on tho first than on haft ot oriKLul ..:>.It. 
the IIOOOnd day. The leAVee of 80 Temp.. 1"°_161° C. 
allioo 8pociCll(.d.ipi_) oeriainly 
roae eTeq night; and tllO rise between noon and 10.15 P .... 
1i'henmea.suredononoOOCMion,'II'a.llCP. Thiarisowllllchiefly 
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250 cmCU)1:>1UTATIQ:>I OF L EAVES. CHAP. IY. 

or cxclus.ivcly due to the straightening of the blade, and not to 
the movement of Ille petiole. We may therefore conclude that 
the leo.ves of Acanthus circumnulate pcriodically, falling in the 
morning Rnd rising in the afternoon aud night. 

(2-1.) OMDabi. I/flliva (Cannal~llcre, :ram. 1!l5).- We ha.-o 
horo tho rare C8.IlO of leaves mo\;ng downwards iu the evening, 
but not to II sufficient degree to be called sleep.- In the early 
monliug, or in the latter part of the uight, they move upw/U·ds. 
For instance, all the youug IOIH'eIl ncar the summits of I!Cveral 
sterna stood ahnOllt Ilori7.ontlllly at 8 A.M. May 29th, flud at 
10.30 I'.M. wore considerably declined. On a subsequent day two 
\oovessiQodat 2p.)f. at 21° and l:Poonooth thehorizoD, aDd at 
10 P.M. at 3!f' beneath it. Two other k'3vCS on a younger plant 
were horizonlal fit 2 P.M., and !It 10 P.)!. had sunk to B6" beneath 
tho horizon. With respect to tllis downward movomont of tho 
loaves, Kraus belioves that it is duo 10 their opilll!.8ticgro~·lh. 
He adds, that the leavC!! are relaxed during the day, !Ind tense 
at night, both in Bunny and miuy weaUler. 

(25.) Pinm pilklster (O:miferoo, Fam. 2'la).- The lea.eo. on the 
summita of the terminal shoots stand at first in a bundle almost 
upright, but they l!OOn diverge find ultimately booolue alroOllt 
horizont.al. The mo.-ementa of a young leaf, nearly one inch in 
length, on the summit of a seedling l)lant ooly3 incb68 high, 
were traced from the early monling of June 21ld to the e.eniug 
of tho 7th. During these hedaJ'Slhe leaf diverged,and its apex 
descended at first in an alm06t slrnight line; hut durillgthe t .... o 
latter days it zigzagged 80 much that it was evidentlycireumnn­
tilting. The same little plant, when grown to a height of 5 inchos, 
was again observed duriug fOllr daya. A filament was fixed 
transversely to the apex of a leaf, one inch in lengtb, find whieh 
had already diverged considerably from its originally upright 
position. It continued to diverge (see A, Fig. 113), and to 
dosoond from 11.45 A.M. J uly 31st to 6.40 A.M. Aug. lat. On 
August 1st it circumnutllted about the SlIme small spaoe, and 
again descended at night·. Ntxt morning the pot WIUI moved 
ucarly ono incb to the rigbt, find a now tracing was begun (B). 
From this time, viz., 7 A.3I. August 2nd to 8.20 A..)I. on the 4th, 

• We "ero led to ob8erve thu. F lora, 1879, p. 00. w~ reg«t lbat 
planl by Dr. Carl ~mu" paper, '/t'e canuol fully undenl.aDd parta 

~=~:'~:d:~~:ba;:~'~;: of thi~ paper. 
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the lear IIulnire.Uy cireumnnlated. It doe. not appear from the 
diagTlun that the lea"l"(lIJ move periodically. ror tho dCllCending 
course during tho first two nights, WII3 clearly due to epillllolrtie 

. 1I·4:J' .... "'.1P.· 

Fir. 113. 

I.. D. 

....... ,.1 r"~4 1· .. ··-~ .. 
_ra."".,z"Ji. 

l'W<I p'.""'t8r: dreumnutatioD or rouDg lear, t.A~L from 11.4·.~ •. lI!. 
July lIh" \0 8.20 ... 11. Aug. 4th. .~I 7 ~.II. Aug. 211<1 tho pol ...... 

~r:~o;aL:tl!l r:h:·i:..,t~j,t. ~~~ti:fa,'':::~':~e~':::!~:; 
maclliRed• 

growth, and at the clOllO of our ob&ervationa t.ho lca.{ was not 
nearlyeohorir.ontaluit"'ouldultil.ll4telybeoome. 

Pilla. oll-llr.oa..-Two 100"1"68, l;I inehefl in length, but no' 
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quite ftilly grown, produced by a lawm1 shoot, on a young trw 
3 foot in height, were ob6eI'Yod during 29 h. (July 3lst), in the 
same mannor as the loaves of the previons species. Both these 

loa.(!@ certainly cireumnutaled, making 
fig. 114. within the aoo\'e period two. or two and 

(]yea, p«ti..ata: ",,",urn_ 
1I1It.3lioll o( olle "f the 
terminall.aflet.&,lr..cod 
from !S.30 A.ll. JUlie 
2211d t(>8 .... J1. Ju .. . 
~Nth. Apu " f leaflet 
7f inch .. from Ih . ,·,,,,, 
lical gl .... . 0(1 InC;lIg 
1I0 t greatlr mAgnified, 
alld h ..... reduced to 
one-third of ori gi .. al 
Icale;lemp.190_21°C. 

ahalf,smtt.ll,irregnlarellipseg. 
(26.) CytXU pedi'law' (CyCllldcro, Pam. 

m).-A young loof, IU inche8 in 
lcngtlt, of which the leaflets hoo. only 
recentlybeeomennCllrlcd,wlUlob6erved 
dnring 47 h. 30 m. The main petiole 
wassoourod to a stiek at the hasoof the 
two lenninal leaflets. To one of the 
latter, Sf iueheo'! in length, a filament 
was fued; the leaflet was much oowed 
downwanl, but l1li the terminal part was 
uptumod, tho filament projected almost 
hori1.ontally. The leaflet mo.ed (aoe 
Fig. 114) largely and periodically, for it 
fell until about 7 P.Il. and l"OSO during 
tlte night, falling agaiu next morning 
after 6.40 A.M. The descending line8 
Ill'C in a marked mtt.nner zigzag, find !j(l 

prooobly would have boon the IIIIC€ndiug 
lines, iftltcy had been traced throughout 
the night. 

CmCUMNUTATION OF LEAVES: 

MONOCOTYLEDONS. 

('D.) Oanna lV(Jr&<:eU'ic~ii (CannllCOOl, 
Fain. 2).-The movementa of a young 
lenf,8 inehes in length Bnd S\ in' 
breadth, prod.uood by a vigorotUt youlIg 
plant, were obseI'YOO during 45 h. 
5Om.,lUIlIltown in Fig. 115. The pot 

was slided about an inch to the right on the morning of the 
11th, as a single figure would have boon too oomplicaled; but 
the two figures are oontinuous in time. The movement is 
periodical, Il8 the leaf deacendcd from the early morning until 
about 5 P.)I., and IJ.8CCnded during the rost of the e"euing and 
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part of the night. On the evening of the 11th it circwnDntated 
on. amaUlCale for some time about the I&Dl6 .pot. 

ri1·1I5. 

A. B. 
c_ I\"a~~ii, cin:umaataliOIl or lear, traeed (A)r ....... II .SOIo .•• 

J ..... IOtbla6 .• 0Io..ll.11th; .1Id{B) from 6.0&010 ••• llih to 8 • .w ..... 
l'!lh. Apnofl.alllineh.fromlh .... rllc:alCI ... 

(28.) lri' p«ud~ (Irlde8l, Fam. 100.-Tho movements 
of a young loaf, riaing 13 inchOli above tho wllwr ill which the 
plllntgrow, W(lre tmeed as shown in tho 
figure (Fig. 116), during 27 h. BO m. 
It JUalli(CfItly cil'(!umnutatad, though 
only to .. smaU a:tcul On tbe 8OCOud 
mOrnio!;, between 6.40 A.K. and 2 P .•• 
(at which latter hour the figure here 
gifenends),theape.lchangeo:iitsoolll'110 
fiorelimo8. DUringlhenerl8h.40m.it 
z~ed much, and dC800llded 118 far 
as tile 1ow68t dot in tbe figure, making 
in itt ooU1'8O two fery6D1811 elliJl8Cll; 
but if thellO lines had. been added to 
tbo diRgmm it would have been too 
oompJoJ:. 

(2'J.) Ori~"m Capen. (AmaryllidoaJ, 
Fam. U).-The leavOll of this pl&nt 
~ remarhbJe for their groa.t length 
It,,1 narroWlI688: one Willi me88ured 
&lid found to be 58 mcbee long and 

}·lg. IIS. 

1r4~:cin .. m_ 
autatloaof teor,t"oe<l 
fI'OlllIO.30A ••. Ma,,28th 
1021'.111. :,!Ulh. Treeillg 
I:'Ont;"uild 10 [1 P ••. , \..o~ 
aot he,.. ool'iild. Apu 
of l .. fl2lQcheobfnealb 
'h.horilOlltalgl ....... 

:f~U;. C;::~:7;!:1~ 
onl,. 1'-1 ur'(l6(i .t the baao. Whilu quite young the,. 8tand up 
almost \·erl.ieaUy to the height of lbout a fvol; afterwards 
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tlH~ir tip8 be¢n to bend OTer, ami Bubeeqn<'nily hang vertically 
do ... o, 1111(1 thUB continue to fErow. A mther young leaf was 
IIC-Iccted, of 'Which the dc))('ndcnt tapering point 11'113 as yet only 
51 inchell in length,thel11'right bMnll_rt being 20 inches high, 
tholl!l'h this 1M wonld ultimately bocome shorter by being 
iliOn) I)('ut on~r. A large bell-glasa \I'M plnocd over the plant, 
with a bJlU.'k dot on one side; lIud by bringing tho dependent 
IlPOX of tho IC!lf into a line with this dot, the oooompanying 
figuro (Fig. 117) was frsto«l on tho other aido of the bell, du ring 
2twY'" DllTing tho fi18tday (22u(i) the tip traveJlcd lalerally 
fdr to the IC'ft, perhaps in cou6Clluencc of the plant having been 

l'ig.1I7 . 

.1O"4&'p·-.u'.l~:....-"" 

~~ <::;:= .. ~-~ . 
C,,'"'"" 00Jltll-'''' ' cir<bIDbuu,liOllofde,..ndf ntlipofyo","",I .. r,tmMiOQ 

.beJl.gl ... ,fr~ID 1('.301' .•. M_122od", IO.15 • . JI.2:'lb .• ·ic",n..,1 
, n_!ly m_,lIifoed. 

dilltnrhcd; and the II\IIt dot made lit 10.80 r .•. on tbia day ia; 

"lone here j;rh·en. As we !lee ill the figure, thero can be no 
doubt thllt the "pex of thill lcaf eircnmnutlltad. 

A SiMI filament with littlo trillnglee of paper WIUI at the 
I!IImo timo fixed obliquely 3CJ'088 the tip of a still younger lest, 
which 8tood "ertically IIp lIud \I'M ILl! yet strnight. I ta mOTe­
ul(!nta were traced from 3 P.M. M~y 2'21\d to 10.15 A.M. 25th, 
'rho lotlfwtls growing rnpidly, eo that thoapox lUIOOuded grc.a.tly 
during this l>1'riod; as it zigzaggt'd !DUell it WlUI eloo.rly eircum­
Ilutatillg, and it apparently !ended to fonn one elli llliO each 
d1l1. The linee tmeed during the night were milch more Tertiw 
thall thOlMl traced during tllO day; aud this indicates that the 
tracing would have exhibited a uoctumal rilllO and a diurnal 
fall, if tho leaf had not grown 1.'0 quickly, Tho movement of 
this 8IU\lO 1(lII,(af!er an interval orsu d1l1' (lIllY SII1t), b1 which 
timo tho tip had curved out\Tarda into a horiwnt,J position, 

f h rl es rWln nlin 
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and had thns made the fll'llt step towardB boooming dependent, 
W&I! traood orthogonieally by the aid of a cube of wood (in tho 
ml\unerbeforoexplniued); and it Willi thu8 IUJCCrtainoo that the 
actual distllnce tnwcllod ily the 'pex, lind dne to cirCUlUllutatioD, 
\\"&11 at Inches in the oourse of 20, h. During the next 21 h. it 
tl'lH'c!led 2t illchCII. ThedrcumnntatinglDovement,tbcrcforc, 
oflhillyOllnp;lcafwlI.II@trongIYlllarked. 

(90.) PaJtemtj,u .. li/loroJ, (Amaryllidem).-The mOvem~nts, 
mnch map;nified, of II. leaf, 9 inehee in length and inclined at 
.bout 46° II.t)(r\"f~ the horizon, were trnoed during two dayK. On 
the Dl'llt day it changed ita course oomillelely, upwards and 
dOI\'nwnrds and lateral!y,9 times in 12 ll.; IIlld the tlgurc trnoed 
Ollilal.rcntly reJlTCllCntoo fh"e e11ip8eA. On Ihe second day itwlUl 
obl!en'ed ecldomer, 4Ild WlUI therefore not IlCCn 10 change its 
('QUI'88 80 often, vill:., only 6 Umee., but in the .me oomplex 
manner '-8 before. The movements 'li'ero smal! in extent, but 
there oould be no doubt aOOut Ihecireumnulation of tile leaf. 

(31.) htwdopJ.!Jllum wl CIil1j(l. (ep.1) (Amllryllidcte).-A long 
gll\88 Dlament "WfIII 6%011 10 a leflf, IlIld the lugle formed by it 
with the Ilorizon was rncasurod occasional!y during three sue-
0088ive days. It fell each monling until between 8 and 4 P.M., 
lUuil'OlJe at night 'rho smnllCflt angle at nny time aOO"e tho 
horizon Willi 40"', and the largest 5(00; so that it 1'0;16 ollly 2<' 
at night; but l1li thia was ollecrved each day, lind as similar 
oblIfrvatiolUl were nightly made on another Jea.f 011 • distinct 
rllnt, there enn be no dOllbt that the Ics'l'OI move periodically, 
though to a very 6lnall extent. The po6iHon or the lpel: when 
it stood hij:1hCflt WlIII '8 of III inch 1001'0 illJlow(lI;t point. 

(82.) Pillia ttro/joln (Aroidefe, FII.lIl. BO).-Hofmeieter 
K'lllIIrhth"t the 1011,"e8 ofthie Hooting water-])lantlromoro 
hij:1hly inclined at night than by dny.~ We therefore (a.slened 
• IIlle j:11\8S filament to tile midrib of a moderately young 
leaf, and on Sept. 19th measured the angle which it formed 
with tile horizon J.I. time. between 9 A.lI. and 11.00 P... The 
temperature of the hot-honee 'l'Bried Juring tbtl t\\"o days or 
obiervation between 1810 and 231° C. At 9 A .•• tile fiJ&Illent 
ItooJ nt 3:30 abo"l"e the horizou; at 3.34 P.X. at 100 and at 
1I.w l' JI. lit 5[,0; thCliC h'O latter anglCfl being tho highCflt and 
thelol\"OIItobscrveddllring tho day, showing a differenooof4[i°. 
The rising di(1 not bcoome strongly IllI1rked until between 

• 'Die Lehre ,'0\1 der .PRall_lIl'; 18117, I). m. 
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5 and 6 P... On the ned day the lool stood at only ]()O above 
the horizon at 8.25 A.II., Imd itren:ur.inod at about 15° till poUlt 
81'.11.; at 6.4{) P.~I. it WIl8 28°, lind at 9.80 P.II. 58°; 110 that 
tho rill(! WIl8 mOn! sudden this evening tll11.n on tho previous 
0116, and the dtlfereuoe in tho anglo amoullted to 45". Tbe 
movement ill obvioUIIly periodical, and M the leaf stood on tho 
fil'flt night at 55°, and 01\ the &00000 night .t 58'" above the 
bonltOn, it appeared very steeply incliuod. Thill 0&116, M "'e 
ahall Ree in a future chapter, ought porhapB to have been 
included undor the hoad of sleeping plantll. 

(83.) P()1Iudfria (sp.?) (from the highlandIJ of St. Catharinll., 

P""~('I'-?):circum<>ut.ahollofr .. f.lr.,*,from4.:;Op .•. Jur12od 
\0 10.15 A .•. 4th. AIIUofluf16Iioch .. frQIlI\h l v .. tiu]gl .... to 
traciog greotly maljllified. Temp •• bout 17°C.,lIItl tht~fo", rat/It> 
10010 ... 

Brazil) (pont.ederiaooro, Fa.m. 46).-A filament was fixod ac~ 
the apex of a rncdemtcly young leaf, 7! inchce in beight, and 
ita movcmentll wcre traood during 42l h.. (IJOO Fig. US). On 
the first. evening, when the tracing WIl8 begun, and during the 
night, the leaf d08OCndod considerably. On the next morning 
it IlSCCnded in a strongly marked zigZ/lg line, and descended 
agniu in the evening and during the night. The movcluent, 
therefore, IJOOJU8 to be periodie, bnt fIOme doubt ill thrown on 
this conclusion, bocaU86 lUlothcr lear, S inchce in hcigh~ 

appearing older and lJtanding more highly iuclinod, hebavod 
differently. During the firs' 12 b. it cireumnutatoo. ova • 
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small IJ*'O, but during the night and the"boIe following dar 
it ucendod in the ame general direction; the NOen' being 
effected by r(!peated up ADd down well. pronounced oecilJationa. 

CBYPTOGUIS. 

(81.) NepArodium melle (FilioofI, Falll. l).-A filament was 
fixed lloot' the apex of a )'OUllg (roud of this Fcrn, 17 inches 
ill height,which 1I'M 110t &8 yetfullyuncurloo.j nud ita move­
menta ""'ere !.raced during 24. h. Wo 1106 in Fig. 119 that it 

Hg.1I9. 

},-tpltrvdi_ 10l0I'', drc,.mU,.talioD. or """hi .. t .. ~1 (!'Om i.l!> .UI. 1loy 
28th to 9 •.•. 29lh. Fi,,.n htn (I~ ... t ...... UINa of ori(lul _Ie. 

pl&inlycireumnutaled. Tbemo.ement WlI8 not greatly m.a.gnified 
II the frond w .. placed near to the vertical glalll, and wonld 
prot.bly hAVC boon greater and more rapid had tbe day been 
1I'&l'1llIet'. }'Of the plant was brought out of .. warm groenhoWJe 
and obllcn-oo. ol.der a skylight, where the \(!mporature was 
bet'll'OOn l{ic/m(116c C. We have IIOOn in Chap. I.thnt a frond of 
thi. Fem, 101 ret only slightly lobed and with a r~his only -23 
inehin height,pll\inlycircumnutatod.-

G~y~~~:'nb.:t /~[~ni~ ~~i::lg~~r:::~l 
Gaaei.1I'; 1880, pp. 27,43),.n fl'<IInWto4l)degreet.,inllpl"""Il' 
nlremel...cnrioUl_ofl1KlTe- rigbtl.llglMto thlltolthef"",,1. 
IIIII'nl in Ihlll'r<>nda, but only in Thellpuof thert(ludde-eribe." .. 

~..=:!:! f';h~ ~~~ ~1 i~:=':= eI.liI:-';t: 
u nr.p'dly .. the lilde leaHct. \D01'ement diJl'eno (rom ordilw-y · 
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TIl the eh"pteron tho S[OOI' ef Plants the ooll.llpicuoUII circum­
nutation of MUrlilea 'lundriJdiala (Marsilcoocro, Fam. 4) will bo 
doscribc<.1. 

It ha.s also booll 8hown in Chap, I. Ihat a very young PeJa­
:J in«la ( Lyoopo<.liacew, ram. G), only '4. inch in height, plainly 
cirelllllllutn,\.eI:I; wo may Ihcrcforo OOIlCllldo that older [llants, 
whilst growing, would do tho IlIUllC. 

(8;:..) ).u"u14ria 'I1!J1gari. (Hepatica), Fam. 11, M\l.IlCnles),­

Hg. l~O, 
The earth ill all old flower-pot ..... as 
coated with this pllmt. bearing 
gemmm. ." higilly inelined frond, 
"If"llieh projected ·3 ineh above the 
lOi l and wlUI'4 ineh ill brea.dth, wa.s 
flClooted for observation, A glass 
hair of extremo tenuity, '75 inch 
in length, with ilJJ end whitened, 
Wtul ccmellted with shellac to tho 
frond at righta.ngles \Qitll broodthj 
and a white stick with a m.innte 
black spot WBIJ driven into the lIOil 
clOlle behind the end of the hai r. 
The white endoould be ,ccll rto lely 
bronghtinlo a line with the black 
.pot, and dots could thlls 00 sue­
CCIIIl.ively made on the "Ver tica.l 
glllB8-plato in frmlt. An,. IIl()Y6-

lllentof tho frolld ""ouldof OOUI'!IO 
bo exhibited and increased byille 
10ngglasshD.irj and the black apot 
was plaoed 80 dOlO behind the end 
of the h.ir, relath'oly 10 the di&­
laneoof the gl8Jl&.platoin front, 
that the 1ll0"Vcmeutoftheend Willi 

magnified .bout 40 times. Ne"er-

f.~:;:~E~~;:~t~~ ~!:~: ;~v::a a;:i:;~~it~~f~~ 0: 
presentation of tho movfDk'n\3 of 

the frond. Intbeintervalsbetlfeenoachob6crvation,theplani 
WIlS eo"Vorod by a sUlall boll~lasa. Tho flOOd, &II already lItated, 
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was highly inclined, and the pot slood in front of a norlh-tllU;t 
.. indow. I)uringthe five first da) 1I the frond moveddo .. n'll1lrds 
or became 10l!ll inclined; and the long liue which W8.8 traced 
lI{as llirongly zigULg, with 1001)6 occasionally formed or nearly 
fomlOO; and Ihls indicated cireumnulation. Whether thesink­
ing was due to eplnMtic growth, or apheliotropism, we do not 
kllOW. Ae tho sinking wns slight on the IIfth day, a new tracing 
Wll.li begun 011 the sixth day (Oct. 25th), and WB/! continued 
for 4.7 h.; it i8 here given (Fig. 120). Another trncillg WOII made 
on the nut day (27th) and tho frond \liB/! fOUII(1 10 be still cir­
enmnutaling,for duriug 14. h. 30 m. it ehllugOO. ita oouno oom­
pletely (besid(!IJ minor changes) 10 timet. It Wall C8IInally 
ob8enal for hro more daYII, and Wall lOOn to be conlinllDlly 
moving. 

The lowest mombcrs of the vegetable aeriClJ, the ThalJogeD.8. 
apparently cireumnntatc. rr an OecilJaria be watched under 
the microeoope, it llUly be seen 10 d88Cribo cireles about overy 
.w IIOOOndB. Artcr it has bent to ono side, the tip lint begins 
10 bend t.ck to tho opposite side and then the wholo IIlament 
eurves over in the II(I,me direction. Hofmeist(!r· hM given a 
mi llnto aeooull t ofthe curious, hut 1088 rcgulnrthonghcollstant, 
mO' lllllcnls of Spirogym: during 2t h. tho IIlamcnt moved 4 
tim08 to the left and H times 10 the right,ond he refel"8 10 a 
lllOv~ment at right atlglCIII to Ihe above. 'fhe lip moved at the 
raw of about 0"1 mm. in five minut(J!.. He compares the move­
ment with the nutation of the higher 1)lanta.t We _hall hen.fier 
lee that heliotropic lllO'cmcnte result from modillod eireum­
nutation, end l1.li unirellular Monlds bend to the light we may 
infer that they alsocireumnutate. 

CoNCLODINO REMAllKS ON TilE CmOu:tnruTATION 

OF L.:AVES. 

Tho c irc llllluututing mo\'cmcnUl of young lCil.YOS in 

33 gcnom, belonging to 25 fam ilics, widely d istributed 

·'Ueberdi<>Ile .. ~ngender 
FMIen dtr Spirog,... p;01I«pt, 
.1alll .... ~fted<-.VettiQ.llur~.ter· 
llndi.eheNnwrkunde iu WUri-

't~l.f.!·!~!!t( .. qooted 
.'Joa.me.l It l1icroecop. Soo.,' 

82 
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amongst ordinary nud gymnospermons ])icotyledons 
and amongst ~[onocotyledons, together with several 
Cryptogruus, haye now been dC8Cribed. It would, 
therefore, not be rllSh to assume that the growing 
leaves of all plnnts circullllllltnte, as we Illwe seen 
reason to conelude is the case with cotyledons. 'l'he 
seat of moyement genemlly lies in the petiole, bllt 
sometimes ooth in the petiolo and blade, or in tho 
blade alone. 'l'he extent of the Illovcmentdiffored much 
in dill'en:mt plilntll; but the distance Imsscd o\"er Willi 

ne'"er great, except with llistia, which ought perhaps 
to hin-e OOell included amongst slooping 1)lallt;l. The 
angular movement of the leaves was ollly occasionally 
measured; it commonly mried from ollly 2" (and pro­
bably even less ill some illst.lIlcee) to about 10" ; but 
it amounted to ~ ill the common bean. The mo\'e­
ment is chiefly ill a ,·ertical planc, but as the ascending 
and descending lilies never coincided, there wns always 
some lateral movemcnt, and thus irregulnr ellipsea 
were formed. The mo\-ement, thereCore, descr¥es to 
00 callod one of circumnuiation; Cor all circumnut.· 
ting OTgllns tend to describe ellipses,-thnt is, growth 
on one side is succeeded by growth on ncarly but not 
quite the opposite si(le. Tho ellipses. or the zigzag 
lines representing drawn-out ellipses, are generally 
¥cry JJflrrow; yct \lith the Camellia, their minor nxCII 
wcre h(\lf as 101lg, uno with the Eucalyptus more than 
half as long as their major axcs. In the el\8O of Cissus, 
parts of the figure more nearly represented circles than 
ellipses. 'rhe amount of Internl movement is therefore 
sometimes considcmbJe. Moreover, tho longer axce 
of the 8uccessi,"cly formed ellipscs (as \lith tbe J3can. 
Ci,.,;us, And Sea-kale), and in seyeral instances the 
zi~l,ag lines representing ellipses, were cxtended in 
ycry different directions during the sume dAy or on 

© The Comolete Work of Charles Darwin Onhne 



CIU.P, I", cmCUlL""UTAT10X OF LJ:.",YES, 26 1 

the next day, 'l'he course follo"'oo WM cun'i1inear or 
strnight, or ~lightly or strongly zigzag, und little loops 
or trilmgles were oftcn fonned. .A. single large irregular 
ellipse may be dcscribed 011 one day, and two smaller 
ones hy the same plant on the next day, With Drosel'll. 
two, alul with Lupinus, Eucalyptus and Pancratium, 
sevcnll were formed cllch day. 

'fhe oscillatory and jerking movements of the leaves 
of Diollrea, which resemble thOlle of the hypoootyl of 
the cabbage, aro highly remarkable, as seen under the 
milltOlM:.'Qpe. 'fhey continue night and day for some 
mouthll,alld an) displayed by young uncxpanded lenyCll, 
and by old ones which have 1000t tlleir sensibility to a 
touch, but which, after absorbing animal matter, close 
their lobes. We shall heroofter meet with the same 
kind of movement in the joints of certain Gramincre, 
and it is probably common to mallY phillts while cir­
cumllutatillg, It is, thcrefore, a stnluge fnet thllt no 
81lch movement could be detected in the tentacles of 
Droum t"Otlmdifolia, though a member of the same 
fami ly with Dionrea; yet the tcntacle which was ob­
Ien'ed was 80 sensitive, tbat it begall to CllrJ inwardll 
in 23 IIcc(mds after being touched by 11 bit of row meat. 

One of the most interesting facts with rasped to 
the circnnlnutution of leaves is the periodicity of their 
movements; for they often, or even generally, rise a 
little in the e,'ening and early pnrt of the night, and 
link aguin on the following morn ing, Exactly the 
IalIlC phenomenon was observed in the cage of coty. 
lOOon8. The leaves in 16 genera out of the 33 which 
were observed behaved in thill manner, 811 d id probably 
2 others, Nor must it be supposed that in the remain· 
ing 15 gellera there was 110 periodicity in their mo,..~­
mentll; for 6 of them were obscn'oo during too short 
• period for any judgment to be formed on this head, 
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and 3 were 80 young that their epiulUltic growth, 
whieh serycs to bring them dowll into a horizontal 
posit ion, on~rpowered m"ery other kind of IDOl"ement. 
In only ono genu;!, Cllllllabis, did the lcayes sink in 
tho ovclling, and Kraus attributes this movement to 
tho prepotcncy of their epinnslie growth. 'fhat the 
periodicity is determincd by tho duily alternations 
of light and darkncss there cun hardly be a. doubt, as 
"ill Jlcreaftcr be shown, InSC<:tivorou8 plants are 
very little affected, as flU" as their movements are oon­
("Crued, by light.; and hence probably it is that their 
leaves, at least in the cases of Snrmcenia, ])rosem, and 
Diontt'a, do not IDO'-O periodieally. The upward mo,"Co 
Illellt in tho evening is at £1'8t slow, and ,lith difl'erent 
plants begins at very ditrerellt hours;-with Glo.uciUlll 
1\8 ea.rly as 11 A.M., commonly between 3 and 5 P.M., 
Lut somotimes as lnte as 7 P.M. It should be observed 
that nOlle of the leo.,'es described in this chapter 
(excOI)t, as we believe, tl1080 of lAIpinu, Bpeciosw) 
possess 0. pulyinus; for tho periodienl movements of 
Icnvcs thus lJro,'ided hll.vo gencrally been amplified 
into so-culled sleep-movements, with which we are not 
here oonccrned. 'l'he foot of leiwcs and cotyledons 
frequently, or even gellemlly, rising 1\ little in the 
cyening lind sinking" in the 1Il0millg, is of interest ILS 
givi ng tIle foundation from which the specialised sleep .. 
movomcnts of mall}' leavcs Ilild cotyledons, not pro­
vided with a pulvinus, ho.\'o beCll (Icycloped. The 
above periodicity should Le kept in mind, by nny 0110 

eOllsiderillg the problem of the hori1:ontal position of 
lea\'cs 1I1ld C(ltyledOll8 during the day, whilst illumi .. 
nated from above. 
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CHAP'l'ER V. 

310DlPu:D C'lIlOt:,O·l'T .. TIOS : CLlItRINO f'l."lo"T!l; E,'INUTIC .. ND 
HYI'OS"IJTIO l\lovlt)llllo""Tl!. 

t:iJeu.mnntal.i.OI' modi8e<1 tbl"OUgb inHAI.e C.UIIeI or UlI'OIIgb the "'I~~' 
of enemal eooditlotw-Ionale ea, __ Climbing plaot.: .irnilarity 
or their IDOYemcnlol ... \th dlO8e or ordinary "Ianlol; inc",aad .mpli. 
t u.dQ; oocuion.l ]lOinlolof dilf~renoe-Ep""'lltlc gro ... ·thot young' 
](lIl,·_llypollNtiogrowlborthehY JI,)·.,oty", .. "del,l("()tylloi!le"ild. 
li"~lIookcd li~ or cliJnbillg and otl .... , plant. du.Q co modified 
eireumonlation -Ampclopl'li' trleu"pld,,1I-8mithu. Pfundii_ 
IStnigbt~Ding o! we tip dUQ to hyponuly-Epinu,tlc po_th and 
rireumnut"tiOD or the OO"er-I)fllhlU~kil of Trir"lium ",])CD' .. "d 
O.u.li;leamo.. 

TilE radicles. hypoootyls and epiootyls of seed ling 
1)1'1Uts, !wen J...cforc they emerge from the ground, ami 
afterwards the cotyledons, are all eontinnally circum· 
nutating. So it is with the stems, stololls. IIO\\I:-r· 
peduncles, and Icaves of older plallts. ,re nutl'. thcf(:· 
fore, infer l\ ith a COllsidernble degroo of Sl&t,y that all 
Ihe growing pilrts of all plants cireullllHltntc. Althou~h 
Ihis mO\'C1l1cnt, in its ordinary or unlllodified stau·. 
appears in ROme cases to be of service to plnnts, 
eithe.r directly or indirectly-for instance. the cireum· 
nutation of tho radicle in penetrating the ground, or 
tbat of t he arched hl'pocotyl and epieotyl in brf'n.king 
through tho surfnce-yet CircUllllIUtfl.iioli is 110 geneml. 
or rather 80 uni l'ersal a phenomenon, that we CAnnot 
t!uppose it to ha\'o been gained for nny special pur· 
pose. 'Vo mUllt believe lhn.t it follows ill ROme un­
known way from the manllcr in \Ihieh vegetable tissu('s 
grow. 

© Th.. :("Imolete Work of Charles O<lrwll1 Online 



264 1I0Dll'I~:D CIRCUlIXUTATlOS. CU"P. v. 

'Ve shall now consider the many cases in Wllich 
circumnuw.tion has been modified for '·o.rious special 
purposes; that is, a movement already in progress is 
temporarily increased in SOllie one direction, and tem­
porarily diminished or quite arrested in other direc­
tions. 'l'hese cases may 00 divided in two sub-classes; 
in one of which the modifiCfltion depends on innate or 
constitutional causes, and is independent of external 
conditions, excepting in so fflr thut the proper ones for 
growth must be present. In tho second sub-class the 
modification depends to a large extent on external 
agencies, such as the daily alternations of light and 
darkness, or light alone, temperature, or the attraction 
of gravity. The first small sub-class will be considered 
in the present chapter, and the second sub-class in the 
remainder of this volume. 

TilE CmCUMNUTATION O}' CLIlIllINQ PLANTS. 

Tho simplest case of modified circumuulatioll is that 
offered by climbing plants, with tho exception of 
those which climb by the aid of motionless hooks or 
of rootlets: for tho modification consists chiefly in the 
greatly increilSCd amplitude of the movement. 'fhis 
would follow either from grently increased growth over 
a small length, or more probably frpm modemtely in­
creased growth spread over a considerable length of the 
moving orgall, preceded by turgel!CCnce, and acting suc­
cessivelyon all sides. 'fhe eUcuuUlutatiollof climbers 
is more regular than that of ordinary plants; but in 
almost every other respect thoro is a close similarity 
between their movements, namely, in their tendency 
to describe eUip8€'8 directed successively to all points 
of the compass-in their CQUTSOS being of ton inter­
rupted by zigzag lines, triangles, it)()llS, or small 
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ellipses-in the rate of moyement, and in different 
species re,'olving onco or sevonl.i times within the same 
It::llgth of time. In the same internode, the movo­
ments ceaso first in the lower part !Uld then slowly 
upwards. In both sets of cases the movement may be 
modified in a closely analogous IMLluer by gootropism 
and by heliotropism; though few climbiug plants fire 
heliotropic. Other points of sinlilarity might be 
"oint~l out. 

That the movements of climbing plants consist of 
ordinary circumnutatioll, modified by being increased 
in amplitude, is well exhibited whilst the "Iants are 
"cry young; for at this early age they moye like other 
seedlings, but as they grow older their movements 
gradually increaso without undergoing allY other 
change. That this power is innate, and is not excited 
by any external agencies, beyond those lIeeessary for 
growth and vigour, is obvious. No OM doubts t1H~t 
this JXlwer has been gained for the sake of enabling 
climbing plants to ascend to a height, find thus to 
reach the light. 'l'llis is effected by two ycry different 
methods; first, by twin ing spirally round a support) 
but to do 80 their stems must be 1(111g and flex ible; 
and,8000ndly, in the case of leaf·c1imbersand tendril­
bearers, by bringing these organs into contact with a 
8upport, which is then seized by the aid of their 
eellsitiveness. It may he here remarked that these 
latter lUoyements ha\'e 110 relation, as far as we can 
judge, with circumnutation. In other cases the tips 
oftendrils, after having been brought into contact witil 
a SUPI)(lrt, become devcloped. into little discs which 
adhere firmly to it.. 

We have said that the circUDlIlutatioli of climbing 
plants diflcrs from that of ordinary plants chiefly by 
its greater amplitude. But most leaves cirClillnutato 
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in all almost vertical plane, and thcrefore uescribe very 
narrow ellipses, whereas tho mauy kinds of tendrils 
which consist of mctAmorphoscd lea\'cs, make lUnch 
broader ellipscs or nearly eircuhu figures; and thus 
they have a far better chance of catching hold of a 
support 011 ally side. 'fhe movements of climbing 
plants hayo also been mOOificd in some few other 
~pccial ways. Thus tho circulllllutating stems of Sol­
nanum dulcamara CUll twino rouud fL support on ly 
when this is flS thin and flexible as a string or thread. 
'f ho twining stcms of several British IJlants canllot 
twine round a support when it is morc than a fow 
iuches in thickness; whilst in tropical forests somo 
can embrllCO thick trunks;- and this great difference 
'in power depends Oil somo unknown difference in 
their Illanner of circumnutation, The most remurkable 
spocial mOOification of this moYoment which we hal'o 
obscned is in tho tendrils of Echill.ocyslis lobata; those 
are nsually inclined at about 45° abovo the horizon, 
but they stift'on and straighten themselves so as to 
stand upright in a part of their circular course, namely, 
wben they approuch Ilnd ha\'e to pass oyer tbe summit 
of the shoot from which they arisc. If they had not 
possessed and exercised this curious power, tbey would 
infollibly have struck against the summit of tho shoot 
and beon arrested in their course. As BOOII lUI one of 
thoso tendrils with its three branches begins to stift'on 
itself and rise up vertically, the revolving motion 
becomes more rapid; and as soon tiS it has pussad 
over the point of difficulty, its motion coinciding 
witb that from its own weight, causos it to fnll into its 
previously inclined position so quickly, that the apex 
can be seen travelling liko the hand of a gigantic clock • 

• • The MO'l'cmenb and I1nbitll of Climbing Plant.,' p.M. 
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A largo number of ordinary leaves and lcaflets and 
a foil' flowcr-peduncles are pro\;ded with pulvini; but 
this is not. the case with a singlo tendril at present 
known. 1'ho cause of this differenoo probably lies in 
the fIlet, that the chief service of a pulvinus is to 
prolong the monllllCnt of the part thus provided after 
growth hfUI cCllSetl; and lUI tendrils or othcr climbing­
organs nrc of use only whilst the plant is increasing 
ill height or growing, a pulvinu8 which scn'ed to 
prolong their movements would be useless. 

It WfUl shown in the last chapter that the stolons or 
runncltl of certain plants circumnutatc largely, and 
that this mo,'cmeut apparently Ilids them in fiuding a 
passage betwccn the crowded stems of adjoining plants. 
If it could be prm"oo that their mO\'('ltlents had been 
modificd nud inCfCased for this SIK!Cilll pllq)()8e, they 
onght to have been included in tho present chapter; 
bllt as the amplitude of their revolutions is not 80 

collspicilously different from thai of ordinary plants, 
88 in the case of climbers, we hl\ve no e\'idence ,OIl 

this hem!. We encounter the 6(l.1ll0 doubt ill the case 
of SOIliO plants which bury their 1)0(18 in the ground. 
This burying process is certainly favoured by the 
circwlIllutatioll of the Bower-peduncle; but we do not 
know "hether it has been illereasc<l for this speeinl 
Rurposc. 

~PINASTY-n\'I'ONASTY. 

'fho term epinusty is used by Do Vries· to exprcss 
:reater longitudinal growth along tho upper than 

• 'Albeilea dN Dol. I .. t., tll'ot£omuuSrat1lll8db,Schi..,­
\nWiinburg,'lIeftli.l&72,p.22a. per,l.ndtl,(',huebooliadopt...-d 
J)e VriN hat Ilightl, modi6ed IIIthit Ie"*' b, 8aeh& 
(p.~2)the_llingorthel.bove 
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along the lower side of a. part., which is thus caused to 
bend downwards; and byponasty is used for the reversed 
process, by which the part is made to bend upwards. 
'fhese RctiolLS come into Iliay so frequently thtl.t the 
use of the above two terms is highl y convenient. The 
movements thus induced result from a modified form 
of circumnutation; for, as W6 shall immediately see, 
all organ under the influence of epinnsty docs no$; 
generally move in a straight line down"'ards, or under 
t1U\t of hyponasty upwards, but oscillates up awl down 
with some lateral movement: it moves, however, in a 
prerollderant manlier in one directiOIl. 'fhi s shows 
that there is some gro\\1h on all sides of the part, bllt 
more on the upper side in the CllSe of epinasty, ami 
more on tbe lower sido ill that of hyponasty, than on 
the other sides. At the same time there Ill!ly be in 
addition, as De Vries insists, increased growth Oil one 
side d\1O to geotropism, and on another side duo to 
heliotropism; and thus the effects of epinasty or of 
hyponasty may be either increased or lessened , 

H e who likes, may speak of ordinary eircumnutation 
as being combined with epinMty, hyponasty, the effects 
of gravitation, light, &c.; but it seems to us, from 
reasons hereafter to be given, to be more correct to 
say that cirCUlllnutatioll is ma<iified by these several 
agencies, 'Ve will therefore speak of circumnutil.tioll, 
which is always in progress, Ill! modified by epirtasty, 
hyponasty, geotropism, or other agencies, whether 
internal or external. 

One of the oommonest and simplest CfISCfJ of epinasty is that 
otTerod by loo.vcs, whieh at an early age lin'! erowded together 
round the buds, lind diverge lUI they groll' older. Sachs lint 
rcnmrkod that this WaJ! dne to inCTCllsed growth along thenpper 
side of the IlCtiole and blade; and De Vries ha.s now SllOwn in 
mon'! detail that the movement i8 fulill caused, aided sligbtly by 
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the 'Weight of the loo.f, and NIIisrod QI he beJievelI bY8]lOI;OO­
tropi.sm, It least after the leaf hili iIOIIlewhlt diverged. In our 
obIerntioruJ on tbc cireuwnutation or IOIVe8,lIOme .,..ere lIclocted 
which were rather too Ioung,lIO that they continued to diverge 
erllink do"'n'll"lrds whilst. their movementll were heing tl'lCcd, 
Tbi. may bo 800n in tho diagrams (Figs.. 98 and 112, PI),232 
.ud 2019) rol)l'08Illlting the oircumnutatioD of the young IClH'es of 
AoxlQtJn .. mdlj, IIIld Pdargotti_.,. _ale, Similar CMe8 ... ere o~ 
IerTOd with DI'OIIeJ"L Tbe lDO'I'ementl ofl;roung leaf, only t inch 
in length, or PduQ;a ~ 'Were traced during four daytl, and 
o!en I botter iIUliance (}'ig, Ill, p, 24.8), nil it diverged during 
the wholeorthia time in .. curk>U81y zigug line with IOmo of the 
angles llharply acute, l1.li11 during the latter daYII plainly dreum. 
nutated. Some young Jeavl'lll of about the 8IImc age on .. plant 
01 thia Petunia, 'Whicb had boon laid horiwlltaUy,and on another 
pl&nt which W811 left upright, both beiug kept in complete dark­
tIeII8, di,'orgOO in tho _mo manner for 48 h" and II>pnrontly 
.. en'! not afl'octed by apogootropilm; though their It(!ml were in 
• lltate of higb tonllion, for wben !rood from the I!tieb to which 
lhey had been tied, they inlllf.ully curled U]>vraro... 

The leaY(l8. ,,'hil8t YOI')' young, on the leading IIhoota of tIle 
Carnation (lHa"t},,,. OOT!Jf'pllyUU') are highly inclined orvertictLl; 
and if tl16 plaut is growing vigol'Outdy thoy dh'erge 110 quickly 
that thcy boooine ahnOilt horizontal in .. day, But they move 
dowuwards in a rather oblique liue and continue for IIOlDe tima 
afterwarda to movc in the aIDe diroction, in connection, '1\'0 pre­
Inmo, with their spiral armngement on tho stem, Tho couroe 
pw'IIUOO by a young loaf whilst thUII obliquely dOllOOnding '1\'1\8 
traoed, and the line"fIIl distinctly yet nei etrongly ligzag; the 
larger an~IOl formed by the @nccetllliyo linea amounting only to 
1S5~, 1M", and 168°. The BublJequent mteral mo\'emcnt (llhown 
in Fig, 96,p, 231) WlUl strongly zig,.,ng withoocasiollal circum­
nntaliona 'l'ho diyerge.noo and .!linking of the young lea"eIj 
01 tlli@ pmnt 800m to be ... ery little affected by gootrol>ism or 
boliotl'Opism; for a pI&Ilt, the leaYelI of whicb were growing 
rather slo ... 1J (&II ascertained by nll'.UUrcment) Was laid bori­
IOIltally, and the oppoelte young JoavOll di ... erged from ono 
another sYlDlDotricalty in the ul!l1lll. manner, without any UI~ 
Wrning in tile diroction or grarit.tion or towarda tho lIGht'. 

Tho ueedle-like leaves of Pi .... pi .. Mltr form a bundle whilst. 
J'OUDS; afteJ'warda tbe1slowlyd.iYCrgI),1IO lhnt thOl!e on tho up­
riGht .IIhoot. becomo horizontal. The Ulovemenl.ll of one J;lleh 
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you liS leaf WM traced during 4i dllYs, and tho l!'Ming here gh'en 
(Fig. 121) ShOW3 that it (lesccmlod Rt lil"llt in R noor!y straight 

p~:~te~o:f ~t;::~; t~;~ 
<luced by.youug plaut !". pot, 
l.......Joa.«rtic,,[ ,I ... und ... 
Hylighl,from~ . .f.SA .•• J,,"ZIl'I 
1.0 10 . .&0 I' .•. 6th. 

line, but afterward, .tigzagged, 
llIakingODeor twolittle!OOr08. 
'l'he diverging and desccn(i­
ing 1ll0,'omonls of a mther 
older l()\I,f were allO tmeod 
(see fonner Fig. I la, II. 251): 
it desccudodduring the fint­
day 80d night in a som&­
what rigug line; it till.'n ei r­
cumnulu.ted rouud a amall 
s])6.00and "gain desccnded. 
By this time tho lese lu .. :1 
noorlyallfruDlcd its final )'lOf<i­
tion,amillowpillillly cirenm· 
nulaled .• 4.Riuthccascoftho 
Carnation, the lell"M, whil~\ 
\-uy youn/t. do not IIOOIII 10 bo 
much alfoctoo by gootrollism 
or heliolrol)ism, (or those on a 
yOWlg Illtml laid hori1,ontRIl!. 
Rnd thOM on another plllJlt 
left upright, both kept ill the 
dark,continued to diverge in 
the UlIual IlllLnner "ithout 
oollding to either aido. 

With COOaa IlCUndenl, tho 
young lea,'os, a.8 thoy IIUeco!­

I!i"o!ydivcrgo from the lOOtI­
ing SII00t which ill bent to) 
one Bide, riscu\l80M to pro­
joot'·ertieu.lly,amlthcyret&in 
till'llORition for IJOIllO tilDe 
wbilstthetcndrilisrevo!ving. 
Tho divCll,>ingllllli II.8OOIlding 
movements of the petiole ~ 
onesucll ft.1Oft.r, ..-erel:ra.ood oa 
avcrticalglass lIuderII. ety. 
light; and theoourao por6D6d 
'fI1III in IDOIIt llart.s ncarl1 
IItmight, but thero ... eM two 
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... dl-marked zigzags (one of them fonning an anglo of 112,,), 
an,1 thisin'licslftlcircmnnutntion. 

The atill e1000d lobot! of a young leaf of Dionfl)a projected at 
right angle8 to tho petiolo, and WOI'6 in the /let of slowly rising. 
A gllUllJ filament Wall attached 10 tho IIndcr lido of tho midrib, 
au~t its movements were traood. on B vernClloI glas&. It circum­
DutalO(i onoo in tho ol'cning, and on the next day roeo, as already 
ciaecribed (Il00 Fig. 106, p. 210), by a num\.ler of acutely zigzag 
1ineI, clOlll.'ly appfOllChing in character to cllipaee. 'fila ffiOW­
m(~t Il() doubt was duo 10 epinasty, aided byapogootropism, 
(or Ihe e101l()d lobc:li of a very young leaf ou a plant which had 
beeu plaoed horizontally, moved into nearly the !lamo lino with 
tho potiole, as if the plant had slood upright i but at the same 
Woo tho lobes curved laloroll,upwards, and thus oe<:Ullied an 
uulUltural positkln,obliquely to the planeor the roli~UlI petiole. 

M Ihell)'pooot)'b and el1icolyl. of IIOme plant. prolrude from 
\be eeOO-«Ja1.8 in an arched form, it ill doubtful whether tho 
IIrChing of these JlIlrts, \\"hich. i. iU\1U'iably Jll"OIIeJlt ..... hen they 
t.eak through tho ground, onght always 10 be attributed 10 
epinuty; but when they al'6 at fin;t straight and afterwards 
become arehOO, as often happens, the arching is ocrlninly due to 
epin!l.llty. As 10ngM1l10arohisaurroUIldcd bycomplWt earlh 
it Ulust retain its form; but as fjOOn as it riflOll abovo tbe 
IJUl'fllOo),orevcn befor(! thill period if artificially fl\.'CC.l from the 
surrouuding pre8SUre, it Ix>gin. to stra.igbtell i\$!o1f, and this no 
d..Iubt ill mainly duo to hyponasty. Tho mo,'cmcnt of tho 
upper and lower half of tho arch, and of the ero ... ·u, W'a5 OCQ­

ai.lDally traced; ulld the COUlllQ was IUOI'6 or le8IIl zigzag, showing 
IDCldiliodeircumnulation. 

With not a. few Illanuo, ospoeially climbel'!l, the summit of tho 
&boot ill bookod, 110 that tho allCXpointavertiC4l1ydownwanis. 
Wlelen genera of twining planta' tho hooking, orll.l ithllll boon 
IIIlIaI by Sachs. tho nutation of the tip, is mainly duo to an 
euggerated form of ci¢umnutatioD. That ill, the b"fOwth is so 
.. t aloug one side that it bends the shoot oomplotoly O'fef to 
dleoppollito side, thUll forming a hook; tho longitudinal !ineor 
10M of growth thcn travels a. l ittle laterally round tho shoot, 
IDd the hook points in a Slightly different diroction, find 110 
OIIwardfl until tho hook is completely lOl'eraod. Ultimately it. 

• • TIle !lovcroent. and. Uabit. or OIilDbing' P!anu,' 2nd edil p. IS. 
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come!! bftck to tlle pointwhenoo it@tarted. Thi@ W:.\ll aeocrtained 
by painting narrow lines with Indian ink along the conyex 
surface of sevcl'lLl hoob, and the line IV&!! fOlllld slowly to be· 
como at fil1!t latc""l, then to ILppear IL\oug the concave IfUrf:l.Cle, 
lind ultimatelyb&ck flgainou the oonvex IlUrlt\OO. IntheCA960f 
hmiCff1l IJrucllypoda the llooked terminal part of the revolving 
shoot stmighteus it8elf periodically, but is lleYer reversed; that 
is, the periodically increased gro,,'th of theoooc.ave side of the 
hook is sufficient only to stl'lLigb1en it, 1Iond not to bend it oyer 
to the oppoeite side. The hooking of the tip i1I of serviooto 
twining plnnts hy aiding tlwm to catcb hold of a 61I1lPort, 1Iond 
1Iofterwllrda by enahling this p!lrt to emlm~oo the support much 
more closely than it oould otherwise havo dooo ILt first, thm 
preventing it, II!! we often observed, from being blown away by • 
strollg wind. Wllcther the ndvantage thus gained hy t"'illing 
plnnb! acoounb! for their 8nmmita being 110 frequently llookcd, 
we do not know, II.S this structure is not Yery rare with plnnt' 
wllich do not elimh, aud with 8Omoelimhcn (for inlltauoo, Vitia, 
Ampelopsis, Cissll3, &e.) to whom it does not atfurd 1Iony 1\IlIlisf,. 

nnoo in climbing. 
With re8fl"Ct to those CIl8CS in which the tip remains alwaY' 

bent or hooked towllordS the snme aide, IU! in the ~ner& just 
nnmed, the most obvious ro:plllonation til thllot tlle bending is due 
to oontinued growth in eXOOllllalong the oonvex aide. Wiesner, 
llowever, maintains ' tllnt in all cases the hooking of the tip is 
the result of its plastimty and weight,_ eonelus.ion which from 
WllO.t we have already seen with !!eyeral e1imbing plants is 
oortainly erronoous. NeverlllelCSl!, we funy admit tlm.t the 
weight of tllo part, a.s well II.S gootropism, &e., HOmetimes 00111& 
intopl lloy. 

Amptlapm tn·CUOl'idala.-This plant e1imbs by the 1Ioid of 
adhe<i\'e tendrils, Iloud the hooked ti)l8 of the shoots do not 
appear to be of any sen'ioo to it. The hool.:ing depends chiefly, 
as far Ill! we conld aacertain,on the tip being1loffoeted by epinaaty 
ami geotropil!m; the lower flud older pnrts oontin\l1lolly straight­
ening tbernselyOll through hyponlUltyand aJJOgOOtropism. We 
belie\'e that the weight of the npro: is lin llllimp:lrtant element,. 
boesuse on hOri7.o11tai or inelill(;d shootlil the lIook is ofieD 
extended horizontally or Q\'cn fllOCB UpwllordS. Moreover slloota 
frequently form \001)8 illlltood of hooks; and in this ease the 

• 'Sitzb.derk.Aknd.derWlllfl'n8<'h.,'Vlennll,Jan.l880,p. lG. 
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extreme (lftri, instead of hang· 
in~ veriit'.all,. down all wonld 
follo'Wifweighlw&8thccfliclcnt 
ce.OlJO,cxlcnds horizoutallyol' 
C\lln poiut8I1p,,'ard~, A. shoot, 
which terminated in a mther 
open ilOOk, was fastened in 
a highly inclined downward 
pcMlition,fIOthatthooonca"O 

!!!:I:=\':~~I~~~I~~ 6~: 1IJ'sft __ JI 

tlll'VecJ upwards. This ap' 
pcu-ently was due to opinM!y 
andnottoaposootropi81ll,for 
the apex. IJOOn afier ll&88ing 
the lJCr}X'ndkular, eurved 110 
nl'idl,. downwards that we 
oooldnotdoubtthattherool'Co 
ment waa at hut aided by 
gootropi8ll1. llltheoourseof 
afl!whol1l'8thehookw!.IlI thus 
oool1'rled inlo a 1001) witb the 
apex of tho aboot )lOintlng 
lItrt4:'ht downwards.. TlIO 
ioIJp:ra:risof the loopwl\.8 at 
fin! horizontal, but after. 
nnls became \·crtical. During 
thie IIIIDclime the basal pa.rt 
of thc boolt (alldaubeequently 
oftheloop)cunedilsclfslowly 
upward~; and thia m\llli ha\'o 
been wholly due to apogoo­
tropism inopp08ition to hypo. 
DUty. The looJl was then 
fukned u]lIIido down, 110 lhat 
iilb&eal halC"'ould ooairoul· 
r.OO11l131y a<'ted on by hYJlO' 

"'·_Sl 
1I'l1d_D 

~".-

~~~i~~~:;~~(~t~u::t A~~~~~::~~R;'~ 
iIIeIJ 10 fl1'CI'Uy upwards in 13Ihu.8 ..... J.[)olh. Apexolah";t 
tile 00Ill'Ie of Duly -ill. that .[)oj iJ>Ch .. , ....... 1M •• nical ,I .... = ::~d f~::ly w~roa!= S~~+~~~~~~r:~;~~~E 

T 



274 :MODlFIED CIRCmrXUl'ATIOX. CHAP. Y. 

Fig 1"3 1.!1)~·'\( together. At the same time 

q.l~i:~el\' ~'. ~:~~:d~~:~:S; 
waaelfected by the gootropic 
movement of the apex ill 
oppo!lition to epinaaty. In 
the ease of Ampd~i.I ht.d~ 
rocea, wcightpmys,lUl far as 

I we oouid jlldge, a more im-
1I.".1H.lI'J""l\~....... )Xlrtant part in the hooki'ng 

oflhe tip. 
In ordor to ascertain 

\ 

whether the moots of A. tri­
ClUpidaw in 8tmightening 
thern!!(liw:s under tho oorn-

.! trUu-",.1- bined aetion of hyponllllty and 
~I - apogootropislll moved in a 

simple stn.igbt course, or 
whether thoy cireumnutaled, 
glnss ftlmnentswere fixed to 

I 
the tlIOWlUI of four hooked 
tips slandingin the:irnalurai 

..... f.'~.". .. ...;ti,,; "dth'mo'~~~ . I l'JUa~n~ of thefllamcn\J!wcre traced 

; ./ ~::a:i;t~~~~': ea:~~~= 
,
/ in a gencrni milliner; butq 

will give only one (see Fig. 
122, p. 273). The filllmen' 

: rose at first, which shOW1l 
that the hook Wllll straighten­
ingitaeif; it then zigzagged, 
moving a little to the left 
hetween 9.25,1..M. nnd 9p .•. 
From this Intler hour 011 tht 

lUH.13':" 13th to 10.50 A.M. 011 thefel-

S~!~1~;~:·~;~DOT~~~~;l~'~! :~:kn~:~~l:gto (~;~~b= 
A.JI: JulylQth to S 1'.)1. l~th . .AI''' itself, nnd thon zigzagged • 

~!ii~;reo~~~w1;I:t£~~~~~!:3 ::trtf~~taln~~)l~to t~;.;!~ 
through Ikylight; temp. 111°-19'>C. on tho 14th the movemeu\ 

RlTh r f hrl lin 



CK.lP. V . 275 

.... revel1l«1 and the shoot bec'..me 11)Q1'tI hooked. During 
the night, afier 10.40 P ••• to 8.15 A.)f. on tlle lath, the hook 
again opened Of straightened it&elf. By thi8 time the glasa! 
filament had beoome 110 highly inclined thai iamovetDentll conld 
no longer be traced with aceuracy; alld by 1.80 p ••• on thill same 
day, the efOW1I of the former arch or hook lu~1 beoome perloctly 
straight and verticaL There ClUJ thercfol'(l be no doubt that the 
straightening of tho hooked shoot of IhiB ])hlllt is effooted by 
the circumnutation of the MOhed portion-thllt is, by groll-th 
alternating betwoon the upper ami lower ~nrfaoo, hut l)l'cpon­
dcrant on tho lower surfl&OO, with IlOmelitlle lateral movement. 

We were enabled to tn.oe the m01'eroent ofanoillerstraight­
ening slloot for a longer period (owing to itll lIlo1l'er growth and 
w ita having been plaood further from the " ertical glAllll), namely, 
rz.om tho early mornillg OIl July 13th to late in the evening of the 
16th. During the wbole daytime of tile 11th, tile hook stn.ight­
ened itaelf very little, but :tigzaggtd lind J)lainly circumnntated 
about nearly the Mine spot. By the 16th it had beoome nearly 
atraight, and the tracing Wall no longer aoonmt.e, yet. it was 
lIWlifest that there wlioIlltill a oonsidorablo amount of moverne!!t 
both up and down and laterally; for the crown whilst con­
tinuing to IItraighten it8elf ocaWonally became for a short time 
more curved, cauaing the filament kI deeoond twice during the ..,.. 

i'lMitJlMI f'/ulld';._The diJ!' terminal shoot. of this Legu. 
lDiDoua water-plant from Africa project 90 III to make a roelangle 
~lb. the Item bolow; but this oocurt: only when Ule plfdlts are 
growing vigorously, for when kept in a coot place, tbe 8UmIDits 
01 the stems beoome straight, as they likewi.16 did at the cloee 
ol the growing -.eGn. The direction of the reclangul4rly bent 
JWt i, indepcndent of Ihe chief 8Ouroo of light. But from 
obIerving the effooU! of plaeiIlg I)!ants in the dark, in which 
cuoleveral shoots bocamein two or threedllya upright or nearly 
Upright, and wheD brought bQck into the light again become 
ructaugularly cun'ed, wil believe that the bending is in part 
d'Ofl to apheliotropism, apparently somewhat oppoeoo. by a~ 
tropism. On the other hand. from obeerving the effocl4l of tying 
a .oootdo'lfllwards,80tlur.ttherecta.n~lefac()(l u!)II'arda,weare 
... w believe that the cUJTatnre is partly due to epiuM!,., As 
abe rectangularl,. bent portion of an upri~ht stem grows older, 
tMlowllrpartBtraighteDllilJlelf; and this is effectcd through 
Qpoouly_ Uewhohaaroad&ch8'reccnIEaMyonthevertica1 
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and inclined poIIitiollll of the parte of plants- l\'i\1 IlOO how diffi­
eult a eubjoct this ie, and will fool no surpri.se at our cIpres&ing 
OUl'llCiv08 doubtfully in this and other snch CIl8Q8. 

A plant, 20 inchce in height, W80ll llOOured to a stick c101!C 
beneath the curved summit, which formed raUler lCll8 than a 
rectangle with the stem below. The shoot pointed away from the 
ob&erver; and a gllll8 filament pointing towards the vertical glass 
on which the tracing Wl\IJ made, WM bed to the eon vel surfaooof 
the curved portion. Therefore the dacftlding iiuCII in the figure 
reJlrceent tbe straightening of the curvod portion as it grew 
older. The tracing (Fig. 128, p. 274) Wall bcgtln lit !l A.M. on 
July 10th; the filnment IJ.t first moved but little in II. zijrZag line, 
but at 2 P ••. it begun rising lind eontinued to do !IO till !l P .•. ; 
and tlliII proVe!! that the terminal portion '1'1'118 being more bent 
downwania. Af'tcr!l P.)I. on the 10th an oppeI!ite movement 
commeooed, and the curved portion began to draightcn itself, 
ondthiacontinnedtillll.lOA.x.onlbe12th,butllo·asinterrupted 
by IIOme small OIIcillatiOllll lind zlgztlgll, showing movement in 
different dirootions. Aftor 11.10 A.lI. on the 12th this part of 
tho stem, still considerably curved, cireumuutatod in a con­
spicuous manner until nearly II P.lI. on Ihe 13th j but during all 
this timo a downward movement of tho filament prevailed, 
eauaod by tho continut'<1 @Iraighloning of tho stem. By the 
afternoon of the 13th, the summit, which had originally been 
detloetod 1U0re than a right angle from the perpendicnlar, had 
grown 80 nea.rly straight that the tracing could no longer 1.00 
eontinued ou tho YcrtiCIII glass. Thore can thorefore be no 
doubt that the straightening of the abruptly cuned portion 01 
the gro~'ing stom of this plllnt, which apperl.l''fI to be wholly due 
to hyponasty, ill tho nl8ult of modifit'<1 eiremunutatiou. We 
will only add tbat a filamout was filed in a different manlMl' 
across the curved summit of another plant, and the s&megeneral 
kind of movemont was ob&ened. 

Tnjol'"m I"epet! •• -In many, but not in al1lho species of Tri­
folium, 118 the 8ep!lrate little flowct'fl wither, tho 'Ub-pedUDC" 
bend downwards, 10 1.8 to depend parallel to tho upper part of 
tho main pedunclo. In Tr. !uiotU'TUMUm tho main pedunele 
curvC!i downwards for tho sake of burying its eapenles, and in 
this sJlOCios tho aub-JJOduncle!! of tllO IlOllIIrate flowers bead 
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Tnf,,jiw"l tl'jlnlI: e!rcomoo _ 
u.tiug.ndfllinuti. mo"t­
.... nu. or Ibe ~ub-'*'''"d. 
or. "nrlt flnw •• , , ... oed 
"" •• ttlicalglaanodu 
.u1Ii ,hl,loArl'Ol1Ill.30 
..... Anr. 271h to 7"'.11. 
301'11.; ill U rrom 7 .... 11. 
br·:wthto.liul • .nn 
,,, ... ·Set·I.i!lh. 
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upwards., !lO as to occupy the same position relatively to the 
upper part 01 tho main peduncle as in Tr. rtpm.. This fact 
alono would render it probable that the movements of the BUb­
pedunclcs ill Tr. rt~1U were independent of gootro]lism. Never­
tbelosa., to make slIre, some flower-heads were tied to little sticks 
upside down aDd others in a horizontal position; their sub­
peduncles, however, ail quickly Cllrved upwards through the 
Ilctiouofheliotropism. We thorefore protoctoo sollie flower­
hoods, similarly secured to sticks, from the light. and although 
some of them rottod, mliDY of their sub-peduncles turned vcry 
slowly from their re,ersed or from their horizontal positions, 
so as to stand ill the normnl mnnner parnlIel to tho upper part 
of the IllIl.in peduncle. These facts show that tho movement is 
imlependent of goo tropism or npboliotropismj it must there­
be II.ttributed to epinasty, which however ill checked, at let\8t 1UJ 

long as the flowers aro yonng, by heliotropism. Moat of the 
above flowers were uever fertilised owing to the e:z:clusion of 
bees; they co!lseque!ltly withered very slowly, and the movements 
of the sub-peduncles were in like numner much re\.o.rded. 

To 9o!lOOr\.o.ill the nature of the movement of the sub-peduncle, 
whilst bending doWtJIl"8.l'd.8, l\ filament was bed IlCI"QIi3 the 
summit of the calyx of a not fully expanded and almost upright 
flower, nearly in the centre of the head. 1'he main peduncle 
was llOCured to a stick close benooth the head. In order to see 
the marks on the glAAS fiitunent, a few flowel"ll had to be cut 
away on tho lowor side of tho head. Tho flower under obt:ler­
yation atfil'8tdiverged a little fromils upright poa.ition,so III 
to OOOUI)y the open s(XUXl eausod by the removal of the adjoining 
flowen. This required two days, after which time a new tracing 
was begun (Fig.l2-i). In A we see the comple:z: circumnutating 
course plll"8ued from 11.30 04..11. Aug. 26th to 7 A.X. on the 
BOth. The pot was then mo,·oo a very little to tIle right, and 
tho tracing (D) wn.'J continued without interruption from 7 04..)(. 

Aug. BOth to after 6 P.lI. Sept. 8th. It should be observed that 
on moat of those days, only a single dot was made each morning 
at the same hour. Whenever the flower was obeervoo canlfnlly, 
l1li on Aug. 80th and Scllt. 5th and 6th, it W1\o8 found to be cir­
cwnnu\.o.ting ovor " small space. At \a.st, on Sept. 7th, it 
began to bend downwards, and oontinuod to do so until aRer 
6 P.)!. on the 8th, and indeed until the morning of the 9th, when 
its movements could no longer be traced on the vertical gl .... 
It Willi CIlnlfully observed during the whole of the 8tb, and by 
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10.00 P.JI. it had d6llOellded to a fN>int lower down by two-Ulinls 
or theleDgth of the figure 811 hero giveu; but rrom want of 8p&OO 

thetraeing IWJ been COI)ied in B, only to a little after 6 P... On 
the Dlorning or the 9th the flower wall witherod, and the sub­
pednncle no .... stood at an angle of 670 beneath the hori7.on. If 
too flower hlWl boon fertilised it would have withered much 
JIOOner, and have moved much more quickl,.. We thll.8 _ that 
tbe Bub-podullcle OfIcillated up and down, or eireumnutated, 
during its whole downw&l"d epinastic COUI'lJO. 

'rhe eub-lwu.uclCII or the fertilised nud withered flowers 
or Ozulil IXiNl_ likewiJle bond downward" tlm:mgh epinllSty, 
.. will be .hown in a futuro chapter; and their do'\"Ilwanl 
COUn16 ill etrongly %igJ'.Ag, indicating eireumnutalion. 

Tho numoor of iruw,necs in which VAriou8 organs 
DlO'·O through epinasty or hyponasty, often iu com­
bination with other forces, for the lU08t lli'·eraified 
purp08C8, seems to be inexhaustibly grcnt; nnd frolll 
the seveml cnacs which havo boon here ginm, wo Illay 
lIafely infer thltt such moYcmcuts tiro dllo to lliooified 
circumnutntiOIl. 
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CIIAPTER VI. 

lloolnEll CacullNcrATIIUf: SUU OR NTCI"I'TlOI'IO 110'1"0£:<"''', 
'1"11&1. UeI: 51-UP 0' OoTYUOOlil. 

I'reliminary skekh of tho .leep or nyetitroplo mOTcmouu or lell.voo­
Pre&eooo ofpuhini-Tho 1_lIing of rndiation the final <muse of 
uydilropio movoment.-Manncr of trying oxperimenta on leo.,·~. of 
Onli .. Arachu,C-ia,lfeIiLotn,;Lotuiandlllreileo.,alldonthe 
('(l/,y ledonl! or MilDO@l-CoIocludingremukaonradirollonfrolllieo.n. 
-Small diff~renoetl in the coOOitiorul male I groat dlffenmee ill the 
n:wuit.-Deeeriplioll of Ihe nyditropio lajtion and lOO'I'ementllot 
tho .,."lyIOOo", of y.noo,I planta- Liat or 1J*1ca-Cc.melnding 
!'elll8.rJc.-l ndependenoo of the nyctitropie moyementa of the h~~01 
I.ndoolyledou.ofthe_mOlpeci_ReuoD.fo.bd!el'ingthatthe 
movcmcntllha.veOOcuuoquin;df()"'peci.al l)ll'po.&. 

'l'UE so-called slcep of leaves is so conspicuous R 

phenomenon that it WiUI observed 118 early as tile 

time of Pliny j. and since LiuuOOU8 published his 
iiullOUS Essay, • &mnus Plalltarum,' it hIlS been th~ 
.~ubject of 86\'ernl lllCIllOif'l). Many flowers close at 
night, and these are likewise said to sloop; but ',e 
uro not here eoneernoo with their movements, for 
ulthough effected by the same mechanism as in thl' 
('lise of young leaves, namely, unequal growth on thll 
ollposite sides (as first proved by Pfeffer), yet they dift'er 
~ntially in being excited chiefly by changes of 
temperature instead of light; and in being effected, as 
fllr as we can judge, for a different pnrpose. Hardly 
ulIY one supposes that there is ally real anll iogy 

riudi~hcnIkl .. egungtndeJ' Blat· 
IQrganc,' 1 87~p. 1G3. 
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between the sleep of animals and that of plants,­
whether of leal'elI or flowers. It 8ooms, therofore, 
advisnble to gh-o a distinct namo to tho so-called 
sloop-movements of plants. These have also generally 
been confounded, under the term" l)Criodic," with the 
slight daily rise and fllli of leaves, nil dC8Cribcd in the 
fourth chapter; and this makes it all tho moro desir­
able to g ive some distinct name to sleep-mo\-ements. 
Nyctitropism and uyctitrollic, Le. night-tumillg, may 
be appliod both to loow!8 and flowers, and will be 
occasionally used by us; but it would be best to con­
fine the term to 100y08. The leaw~8 of some few plant.1I 
move either upll'ards or dowllwards when the lIun shinell 
intenaely 011 them, and this movement has sometimes 
OOcn oollod diurnal sleep; but we believe it to be of 
au essentially different nature from tho nocturnal 
movement, (lnd it will be briefly considered in a 
futuro chapter. 

'fhe sleep or nyctitropism of leavell is a largo 
8ubject, alld we th ink that the most convenient plan 
1ItilJ be first to give a brief account of the position 
lI"hich lool'cs assume at night, and of the 8(h'8ntages 
apparently thu! gained. Afterwards the more re­
markable cases will be described in detail, with 
respect to cotyledons in the ]lresent chapter, alld to 
leaves in the next chapter. Finally, it will be shO'ifn 
thut these movements result from circmnllutation, 
much modified and regUlated by the altefllutions of 
day und night, or light and drukncss; but that they 
are also to o. certain extent inherited. 

Leil.\'C8, whcn they go to sloop, movo either upwards 
or downwn.rds, or in tho case of the leaflets of com-

• Cb. Rof(ll' mutt, bowenlr, be NaL' (5th .mo.), Dol. rot ix. 
tso.~;_·AnD&le.d&;jSc. lSC1l, P. 878. 

Th, It 
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pound Ie/wes, forwilnls, that is, towilrds the apex of the 
leaf, or backwards, that is, towards its base; or, again, 
they may rotate on their own axes without moving 
either upwards or downwar(ls. But in almost every 
case the plane of the blade is &0 placed as w stand 
nearly or quite vertically at night. Therefore the apex, 
or the base, or either lateral edge, Illay be directed 
towards the zenith. Moreover, the ullper surface of 
caeh leaf, and more especinlly of each lenfiet, is often 
brought inw close contact with that of the opposite 
one; and this is sometimes effected by singularly 
complicated movements. 'l'his fnet suggests that the 
upper surface requires more protection than the lower 
one. l!~or instance, the terminal lenflet in 'rrifolilllll, 
after turning up at night &0 as to stand Yertically. 
often continues to beud oyer until the upper surface is 
directed dowuwards whilst the lower surface is fully 
exposed to the sky; and an arched roof is thus 
formed over the tll"O iateralleafiets, which hal'e their 
upper surfaces pressed closely together. Here we haye 
the ullusual case of one of the leaflets not standing 
vertically, or almost vertically, at night. 

Considering that leaves in assuming their nyeti­
tropic positions often move through an angle of 
00"; that the movement is rnpid in the evening; 
that in some cases, as we shall see in the next 
chapter, it is extmordjnorily complicated; that with 
certain soedlings, old enough to bear true lelweB, 
the cotyledons move ,'ertically upwurds at night, 
whilst at the sa.me time the leaflets move ver­
tically downwards j and that in the same genus 
the leaves or cotyledons of some species mOl'e 
upwards, whilst those of other Bpecies move down­
wards j-from these and other such facts, it is hardly 
possible to doubt that plants mnst derive some 
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great. advantage from such remarkablo powers o( 
mo,'ement. 

~'he nyctitropic movements of leaves !\n(l cotyledons 
ato effected in two ways,- firstly, by meulls of pulV;lli 
which become, WI Pfeffer h88 shown, aItern!l.tely more 
turgescent on opposite sides; and secondly, by in­
cTeased growth along ono side of the petiole or 
midrib, and then on the opposite Bide, as WtlS first 
proved by Batalin. t But 88 it has boon shown by 
De Vries : that ill these latter cases increascd growth 
is preccded by the increased turgescence of the cells, 
the difference between the llbove two means of move­
ment i. milch (liminished, and consiB18 chiefly in the 
turgescence of the cells of a fully developed pnlvinus, 
not being followoo by gro\\1h. When tho mo,'e­
menta of leaves or cotyledons, fumighed with a pul­
vinus Imd destitute of Olle, are compnrcd, they are seen 
to be closely similar, and are apparently cffected for 
the MillO purpose. Therefore, with our object in view, 
it dOO8 not appear advisable to separate the above two 
aets of cases into two distinct classes. There is, how­
e\'er, one iml)()rtant distillction between them, namely, 
thl\t movements effected by growth on the altemate 
sides,are confined to young growing leaves, lI'hUllt those 
cffcctod. by means of a pulvinus last for il. long time. 
Wo htlV6 already S(l(!n well-marked inst.o.nces of thill 
latter foot with cotyledolls, lIud 80 it ill with leaves, M 
11ilS boon observed by Pfeffer and by ourselves. 'fhe 
long endurance of the nyctitropic movements when 
effected by the aid of puh'ini indicates, in addition to 
the evidence already ad"llnced, the fUllctional import-

• Til" dw.inetion __ JI .... 
polnleol out (aecording to I'Cetfc.r, 
'I)ie l'criodil(,hen I!.e .. egungen 
clerUldtorgr.ne,'I87!t,p.l6l)br 

Daseenin l837. 
t 'FloI'&,' 187~p.4S3. 
l'llot. Zcltnng,' 1870, Dee. 

19th, p. 830. 

(C) The Com olete Work of Charles Darw,n On l, e 



284 llODlFLED ClRCUlQ,'UT A TION. CIIAJ'. VL 

fl,n oo of such movements to the plant. 'rhere is another 
differenoo betwoon the two sets of CIUlCfl, namely, that 
thore is ne"er, or very rarely, auy torsion of tho 
leaves, excepting when a pulvinUll is present;· but 
this statement applies only to period ic and nyctitropic 
mo,'cments, aa mny be inferred from other cases given 
by Fnmk.t 

The fact that tho leaves of many plants place 
themselves at night in widely different positions from 
what they llOld during tho day, but ,lith tho OM 

point in common, that their upper surfaces avoid 
facing the zen ith, often with the additional fact tbat. 
thcy como into close oontact with Ollposite leaves or 
leaflets, clearly indioote8, as it seems to us, that the 
object gained is the protection of the uPlX!r sur­
faces from being chilled at night by radiation. 'l 'here 
is nothing improbable in the upper surface needing 
prOl.<!etion more than the lower, as the two differ in 
fuuctioll sud structure. All gardencrs know that 
plnllts suffer from radiation. It is this and not 
oold winds which the peasants of Southern Europe 
fear for their oIh·C8.: Soodlings are often protected 
from radiation by a very thin (l(wering of straw; and 
fnli t-trees all 'mils by 0. fow fir.branches, or eW:ll by a 
fishing-net, suspended over them. There is 0. vuriety 
of the gooscberry,§ the flo wers of wJlich from being 
produced before the lool'eg, are lIot protected by 
them from radiation, and consequently often fail to 
yield fruit. An cxcellent obsen'er I haa remarked 

• l'fefl'cr, 'Die Puiod. Oe.eg. 
derDlaltor~ue.' I87~p.169. 

t'DieN,.LWagcl'I.'IlhtoUich­
tuultvQIII'i1anl6ulhcilcu,' 1870, 

I). :2iIllrli .. in 'llull. 800::. DoL 
de }o',.".,.,,' km . .lis. 1872. 
Wcl~ in hi8 r.mo ... · ~y on 

Dew,' renwln!.hat an upo.o;'d 
IhermotD<:ICr rtee. ... 1OOn ... even 
II f1eeeycloud, high In !.he Uy, 
puo.e;> ov~r Iho 1lI,lIIltb. 

t 'Loudo,,', Oanl(lDor.Mag.,· 
vol.iv. Il!'l8,p. 11 2. 

I Mr. ltivc .. in 'Ganlener'1 
Chron.,'I866,p.7S:!. 
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that one variety of the cherry has the petals of its 
£lowen much curled bac.kll'l'U'ds, and after 0. severe 
frost all the stigmas were killed; whilst at the fIIlme 
time, in another variety with ineun'ed petals, the 
stigmas were 1I0t in tho leagt injured, 

'l'his view thnt the sleep of leaves saves them from 
being chilled at night by radiation, would 110 doubt 
have occurred to Linnrous, had the principle of radia­
tion bc<!n then discovered; for he suggCflts ill lUany 
parts of his' Solllnus Planiamm 'that the positiou of 
the lOin-OS at night proteets tbe young stems and 
huds, and of teo the YOUllg inflorescence, against cold 
winds. We are far from doubting that an additional 
ad"antage lUay be thus gained; and we hnve obsern:ld 
lI'ith several plants, for instance, Dumodium 9!1Yan" 
thnt whilst the blade of the leaf sinks vertically down at 
night, the petiole rises, 80 thnt the blado has to moyo 
through a greater angle in order to assume its vertical 
position than would otherwise have bccn necessary; but 
\\"ith the result that all the leaves on the same plant 
are crowded together ag if for mutual protection. 

We doubted at first wbether radiation would affect 
in any important manner objects 110 thin lUI are many 
ootyledons and leal'os, and more especially affect dif­
ferently their upper and lower surfacea; for although 
the tempemture of their opper 8urfaces would Ull ­

doubt(~lly £!1.11 when freely exposed to a clear sky, yet 
"'0 thought that they would so quickly acquiro by 
conductiou tho temperature of tho surrounding air, 
that it could hurdly mako any &ellsible differenoo 
10 them, IIhether they Btood hOriZOlltil.lly and radiated 
into the open sky, or vertically aud nldiated chiefly 
in II. lakrul direction towards neighbouring plants and 
other ohj(-<:ts. We endeavoured, therefore. to ascer­
tain 80Illcthing on this head by preventing tho leaves 
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of severn! plunt! from going to slee)), and by exposing 
to a dNU sky whcn the wmpemture was beneath 
the freeziug-)Xlint, these, as well as tJle other !ell\'es 
on the same plllnts which had already aS8umed their 
Ilocturnal vertical position, Our experiments show 
t118t leaves thus compcllod to reDlfllu horizontal Ilt 
n ight, sulfered much more injury from frost than 
t h06C which wcre allowed to assume their norma l 
vertical position, It may, howc\'er, be said thllt 
collclll8iollB drawn from luch obeenatiolls are not 
applieable to aleeping })Ialltl, the inhaLitants of 
countrics ",here frost! do not occur, But in eyery 
country, and at all 8C880n8, iCtn-C8 must be expoosed to 
nocturnal ehms through radiation, which might 00 in 
some degree injuriou8 to them, and "bieh they wonld 
C8CUlle by a81ium illg Ii vertical IXlSitioll. 

In our experiments, leavel were pre\'entcd from 
l\88uming their nyctitropic pOllilioll, generally by 
being f!\Stcned wilh the fincst entomological pim 
(wh ich did not sensibly injure them) to lllin sheetl! 
of oork supported on sticks. nut ill !lOme installCf.'S 
they were fastened down Ly narrow strips of card, 
and in othefil by their petioles being IlIi8SCd through 
Ilits in the cork. 'fhe lean!s were I\t first fastened 
close to the cork, for 1\11 this is a bud (lOlldllctor, aud as 
the le~\'C!I were llotexpo.,ed for long periods, we thought 
that the cork, wh ich had OOcn kept ill the house, lrould 
very slightly wann them; 80 tlllit if they were injnroo 
iJy the frost in a greater degree than the free \'ert i~1 
IClwcs, the cYidence would be 80 much the stronger 
that the horiWlltal position \IllS injurious. nut we 
fOlllld Ihl\t when there WI\8I1I1)' slight ilifferellce in the 
resnlt, which could be detected only occasiollally, t he 
100.\'<.'8 which bad been fastened eloecly down suffered 
mther more than those fMteued \lith "cry long and 
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thin piM, so M to stand from; to t inch 8ooY6 the 
cork. This difference in the rt'8ul~ "iJich is iu itself 
curious as showing what a Ycry slight d ifference in 
the conditions illfiucnces the amount of jlljury in­
fiictcd, Illay be attributed, 1\8 we beliel'c, to the sur­
rounding warmcr air not circulating freely beneath the 
cJoacly pinned lClwcs and thus slightly wannillg them. 
This conclusion is supported by some analogous facts 
hereafter to be gil'eu. 

We will now describe ill detail tile experiments 
which were tried. These were troublesome from our 
not being able to ptc(liet how much cold tile leaves of 
the 8Q,·crn.1 spccies conld endure. Many plants had 
e"ery lcaf killed, both those whieh wcre secured in 
a horizontal position and those wh ich were allowed to 
sleep- that is, to risc up or siuk down vertically. 
Othcrtl again had not a single lenf in the Icast in­
jured, and these had to be rc-exposed either fo r 11 

longer time or to a lower temperature. 

(ho/u ~wJla.-A very large pot, thickly oovcred with 
beh,oou 000 and 400 leavC6, had boon kept III winter in tlle 
grooubOI18e. Seven leavC6 were pinned Iloriroutallyopen, 
II.Qd were Clpoeod on Marcb 16th (or 2 h. to a clear SKy, the 
temperature ou the surrounding graa being _ 4.0 C. (2-1° to 
!lao }'.). Next morniug all se'·en lea\·ea were found qwte 
killed, 110 wore mlUly of the £roo OlleB .... hich bad llroriously 
gone to sloop. Ind about 100 of them, either dead or browned 
and injurOO, lI'ere picked off, Some loo\"ea showed that they 
had boon Blightly injured by not expanding during tho whole 
of t he nod day, though tbey afterwards fOCO\'ered. As aU tho 
Iea\'CI which wel"C pinned open were kmcd, aud only IIobout a 
third or fonrth of tlle others wcre either killed or injured, we 
had !lOme littlo evidenoo that thOile which were pro'·ented from 
_nming their verHcalJy dependent potIition suffered IllOBl 

The follo"ing night (17tll) was clear and almostequaUy cold 
(- 3"' to - 4.° c. ou the graBII). and the pot was &gaill e.J:poIiOd, 
but thiltime for only 80 Ill. Eight leavcs had been pinned oul, 
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and in the morning two of them were dead, whilet not a singlo 
other lear on tll6m.a.ny pl&llt8WMoveninjuJ"lld. 

On tho Zird the pot WlIII (!J:JXl8OIl for 1 h. 80 m., tho tempem­
hue on tho grfI8I! being ouly - 2" a, II.nd not one leaf '1\'1\11 

injured: the pinnod OIlen leaves, however, all etood from 
• 10 1 of I'" inch abo\'e the cork. 

On the 2lth Ihe pot WIIS Bgain placed on the ground ami 
O.J:poeed to a e1cur sky for botwoon 35 m. alld 40 m. By a mill­
take the thermometer '\\'MIen on nn adjoining sun-dinlSfeet 
hlgh,insteadofbeingplaocdonthe~;itrooorded25°to 
260 F. (- 88" to - 3'go C.), bnt when lookod at nfter 1 h. hBd 
fallen to ~ ~'. (- s'sOa); 80 that the pot wu perhaps Clpoecd 
to mther .. lower temperature than 011 tho two fil'llt OOCIUIiOIlll. 
Eight l{'t,vOII had been pinned out, lIODle c10ee to the cork and 
IIOII1fl above it, and on the following morning five of them (Le. 
SS per cent.) were fonnd killed. By counting a portion of the 
1000vOll we esthnatoo that about 25() had been allowed to go to 
sloop, and of thCl!(! about 20 were killed (i.e. only 8 per CEnl), 
and about 80 injured. 

Conaidering tbCllO casea, tlu::!'tl 0411 bo no doubt that the 
IOfWOII of this Omlis, when Idlowed to III!8UlUe their nonuaJ 
"erticnlly dependent position Bt night, suffar much IfEIl from 
fl'Oflt thnu thOll6 (23 in number) which had their upper surfuocol 
Cl:poaOOtotbezcnith. 
O~i. roNl-.-A plant of thiB Chilian spocice WM c:rPOlled 

for 80m. to a clear sky, the thermometer on tlle grass standing 
at - 2" C, with IlOme of ita leaves pinned open, and not one k>al 
0'11 the whole bIlllhy plant was in 01(1 least injured. On the 
16th of lJaroh another plant was similarly ezpoeed for 30 m., 
when Ute temperature on the gmsa Wall only a litt10 lower, viz., 
- 8" to - 40 a Siz of the leaves had been pinned open, and 
~t monling five of !.hem "ero found much browned. The 
plBnt '11'&8 a largo one, and none 'Jf tbe froe lcavCll, which 
WC!'tl aeloop and depended vertil'nlly, were browned, excepting 
four "ery youllg onC8. But throo other Icav08, Olougll not 
browned, were in a. rather flaccid condition, and retained their 
uocItU1JnI pcAition during Ute whole of tlle following day. In 
this caao it was obvious that the Imve. which were exposed hori­
wntally to the zenith suffered moal Thi8 u.me pot WI8 afIer.. 
wards ezpoeed for 35-40 m. on a slightly colder night, and 
every 100f, both the pinned open and the [roe ones, was killed. 
It 111ay be added that two pots of O. O(WfiicuWW (Vilof. Atro-

I W rk f ;; .... rWln nli 
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purpurea) were exposed for 2 h. and 3 h. 10 a door sky with tlll,! 
temp. on gra&II - 2" 0., and nono of the leaves. whether free or 
pinned open, were at all injured. 

..tmch .. II~.-Some )hmts in a pot ""ere expoIICdat night 
for 30m. to a clenr IIky, tho temperature on the lIurroumlioA' 
gt'IU!I8 being - 2~ 0., and on two nightll afterwards thoy were again 
eXpoilC(l to the same temperature, but this limo during 1 h. SOIIi. 
On neither ocea.sion Wa.8 a single leaf, whether pinned open or 
(ree, injured; aud tbiB surpriaed DB mneh,considering itll nati'f(l 
tropical_Urican hOlllo. TlII'o plant" were next exJl'l&Eld (!larch 
IGth)for 30m.toa elcarBky, tho tempcratllrc of tho lIurl'Ounding 
(:rUII being 110W lowor, viz., botwoon - It> and - 40 C., and all 
~r pinued~pen lool'CIl werc killed and blackened. 'fhoee two 
plauta 001'6 If.! oUlcrand free 1('Il\'ee (exe1uding 80llle very young 
bud-like onCll) and only two of th_ were killod and three eome­
... hat injured; that ilJ, 23peroont_ weroeithcr killed or iujured, 
... hcl'Cllllall four pinued opeu JoovCllwereuttcrly killed. 

On another night two ))Otll ",·jth llevt:ral pJantil were ex)X*d 
M ootwoon 85 m. llDd 4D m. to a clear sky, and perbape to a 
miller lower t!!mpcrature, for a thermometer ou a dial, 3 foot 
hi¥h, clOliC bYlltood at- 3'SO to_8·So O. In oue pot I1lroo 
IeaVlllB were J}inned open, amI all were badly injured; of the 
"free leaves, 26 wel'(l injured, that is,59 per eont. In the 
«lttr pot 3 leal'01 'lferc l)inDed open and .n were killed; four 
othtr JeavCll were prevented from alcc))ing by narrow 8trip' of 
IIlifr paper gummed &Cn;8 them, and all were kil!ed; of 2ll'roo 
Hvt'tI, 10 were killed,2 much injured, and III unhurt; that is, 
W per cent of the free leaves were either killed or Dluch in­
,;an.l. 'hking the two pobJ togctller, we rna,. 118,. tlult ratb('r 
IDOre~nha.lfoftbe£reeleavlll,whichwcff'&IIloop,werceither 
blkdoriDjared,,,,·hilstall the tcn hori:rontaUyextendedJea"(lI;, 
... bleh had been IIr6Vented. froID. going 10 sloop, WCl'(I either killed 
ormuehinjured. 

(Guia jfqribt<1Ioo.-A bush wu elpoaed .t night fOf 40 m. to 
• elel.r sky, tho temperature on the surrounding graM being 
- ~ C., and not a le6f was injured.. It was again elpoeed on 

.. ·a~ ;;i?:rtaM"':.,e:~ 

.... .tl,("Oui.na.~ie8)ror 
•• ~ , .... wmptnlUJ9 on tI ... 
_OOillj,!gno .. bdng-2"C., 
.. Q.\lhu WeN ill U;e leNt 

Injured. Dut ... beu O. /,nll},,/a 
..... n~r"r l h.,lhetenlp. 
On the lurrounding gtnl .... ing 
b.ct..een -:f> '00_40 a,every 
Ie-r .... ulled . 
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another night for Ih., when tho tcrnperntllrt) of Iho grassW/lS 

- 40 c.; and now all thll leaves on a large bliSh, whether pinned 
flat opell or free, wert) killed, bh,ckened, and shrivelled, with 
the exception of those on one !lnmll branch, low down, which 
"-lUI ,·ery slightly protected by il16 loovee on the bl"!Ulehes 
above. Another tall bliSh, with four of ilB large compound 
lea ... ee pinned out horizontally, was afterwards cJ:]JOIlOO (Iemp. 
of surrounding grass eX!Ultly the sarno, ,·iz., _ 40 C.), but only 
for 80 m. On the following morning every Bingle leaflet on 
theoo four leaves was dead., with both their upper and lower 
SUrfllCell completely blackened. Of tbe many free lelwes on the 
hush, only S(wen WCl'<;l blll.Ckened, and of theae only 110 single one 
(which was a younger and more tender leaf than any of the 
pinnooones\ hi&d both surftLOOll of the leaflets blll.Ckened. The 
contrast in this laUerrespootwll.3 well shown by 110 free leaf, which 
stood botwoon two pinned-open onCII; for tluJI'Ie latter hnd the 
lower Burfnoos of their leafl~t8 as Nook Il.8 ink, whilst the inler­
mediate froo leaf, though bw:ily injured, still retained a 1)lain 
lingeof green on the lower BUrf3CO of the leaflctB. l"hisbusb 
exlJibited in a slriking manner Ihe evil elfecls of the leaves not 
being 1Io1l0WE)(1 to assume at night their normal dependtmt posi­
lion; for had they all been prt)"'euted from doing so,allllurodl1 
cvcry.s.ingleleaf on the bush would havobecn uttcrlykil!ed by 
this eXJXlIluro of ollly 3010. 'rho lC& ... eEI whilst sinking down­
wards in the evening twist round, I'() that tho upper 8urfRC6 is 
turned inwards,lI.ndisthus boUerprotootOO tban thooutwardl1 
turned lower surface. Nevertheless, it was always the upper 
surfaoo which was more blll.Ckened than the lower, wllont-... et 
anydiffeTCllcocould boperceivod between theDl; butwhether iliis 
'I\·as due to the cells nCRr the upper surface being lOore tender, 
or merely to their containing more chlorophyll, we do not kllOw. 

Af.Wotu& Q.fficiflaJis.-A largo pot with DllIony plants, whieb 
had been kept during tho winter in tho grcenhOllOO, was exposed 
during 5h. at night to a slight froet and clear sky. Fonr 
lea~ C!J bad been pinned out, and these died after a fow dara; 
hut so did wanyof tho free lea ... es. Tbereforenothingcertain 
could be inferred from thiB Irial, though it indicated that the 
horizQntallyextended 1caveB suffered m06t. Anotherlargepot; 
with many plantB was ne:l:t Olposed for 1 h., the temperature 011 
tho surrounding grass being lower, viz., - 80 to _ 40 C. Tt. 
lea'·C!J had been pinned out, and tho result was 81riking, £or 
on the following morning all these were found much injured IX 
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killed, and none of the many free le&v~ on the Ilevera1 plants 
1I'ef6 at all injurOO, with the doubtful exception of two or 
throe very yonngonea 

MdiltdlU ilaliru.-Sil leaves were pilUloo out horizontally, 
throe with their upper and throe with thcirlower aurfJl.OOll turnoo 
to the zenith. 'fbe plant4were exJMMOOfor5h. to a clearaky, 
the tempel'!lturo on ground being about - 10 O. Next morning 
the llil pinnod-open le&vCII seemed more injured even than tbe 
younger and more tcnder froo OIlClfl on the l!(UI'Je branchea The 
elposure, however, had boon too long, for after an interval of 
lOme days many of the froo lea'fOl eeemed in almost. 118 bad a 
eonditiOllM the pinnoo-out ones. It was not po88ible to docide 
whether the IcanlS with their upper or thOllO with their lower 
,urI'aoes turnod to the zenith had auffered moat. 

J/Ililol ... 'UGft'Oleu-&me planta with 8 leaves pinned out 
1Jt,re elvc-l to a clear sky during !l h., the temperature on the 
,"rrounding gl'flSl being - 2<' O. Next morning 6 out of these 
8 leavell were in a IIaocid condition. There were about 150 free 
!.et.\.C8 on the plant,and none of UUlIJIl were injured, except 2 or 3 
~ry young on{'J8. But after two days, the plD.ntB having been 
brought OOck into the groonhOUlMl, the 6 pinnoo-out IClLvCII all 
recovered. 

IIdilol .... Ttll<riaz.---8eTeral pla.n.tt1fere expoeed for 5 h. during 
hro Digll'a to a eIeu Bky and alight flORt, accompanied by lJOIlle 
wind; and to leavell whieh had been pinnoo Qut suffcred more 
than IhOllO hoth ab(wo Ilnd below on tho IIIllUe branches which 
bad gone ko Bloep. Another pot, which had Jilwwjse been kept 
ill the greenhoUfle, 111'''' exposed for 35-40 m. to a elcar eky, 
&be temperature of the surrounding graM being between - 3"1000 
_4°0. Nine leavCIIllad been pinned Ollt, and all oftheao were 
killed. OIl the 8Bme l)lanta there were 210 froo leavCB, which 
!lad been allo.·oo to go to sloop, and of these about 80 were 
Dlled,i.e. only 38 peroent. 

Mtlilohu Pdilpien..,alloa.-Tho 11\llllili Viere uporlOd to" clesr 
.,. for 85 ..... 40 m.: temperature on surrounding grau - 8° to 
_ 4° C. Six lcav~ had been pinnoo out 110 ... to stand aboui 
~ inch above the cork, and four had been pinned close to it. 
n..o 10 IrovCll were all killed, but the closely pinnod ones 
Id'erod mOllt, as'4 of tho 6 which stood 1.11101'0 the cork still 
Nainoo 6lnall patl,lb~ of a green colour. A oonaiderable 
amber, bnt not nearly all, of the free lesvOlJ, .-ere killed or 
-.ch injurOO, whl,ll'CUlS all the pinned out 0ll0lJ were killed. 
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Meli/o/ul mlUn)rT/,;%ll.-The plants were <J~posed in the SlIme 
mannCl' as in the illst case. Si~ leaves had been pinned out 
horizontally,and five oftbemwere killed,that ia,SB peroont. 
We eIItinmt.od that thcre w<Jre 200 froo leavcs on t110 plants, ILnd 
of those about 50 were killed aud 20 badly injured, so Uld about 
85 pcreent. of the froolC!lves were killed or injured. 

LoiUJIarilhlta.-Six l)\antawere exposed for nearly Sh. to a 
clear sky; tClllptJrature on surrounding graSll- }'5° C. Four 
loo\'cshad beellj)innedonthori:r.ontally,and2C'fthesesufi'cred 
more than those above or below on the SlIme branches, which 
had been allowed to go to sloop. It is rath<Jr a remarkable f~t 
thatSOllleplantsofLotuIJ~,auiuhabit(t,ntof80hota 

oounlry as the CaptJ Yerde Islallds, were expoBCd one night toa 
dear sky, with the tcmptJrntureof the~urrounding grMI! - 2~C., 

and on a IlOOOnd night (or BO m. with the temperature of 
the grM8 betwoon - 30 and - 40 C., aud not a single leaf, eith<Jr 
thepinlled-outor{rooon~,w8Jjintheleastinjurod. 

Mar.ilea 'luadrifi>liahl.-A large plant of this species-the 
only Cryptogamic pillut kno".u to sloop-with solDe leavcs piunu) 
open, W8Jj exposed for 1 h. Mm. to a elcnr sky, tbe temperature 
on the surrounding ground being - zo C., and not a single leaf 
was injured. Aftor an inten'al of some dllYs the plant WIIB again 
expoosed for Ih. to a cloor sky, with the temperature on the 
surrounding ground lower, viz., - 4° C. Six lca"cs had been 
Iliuned out horizontally, and all of them were utterly killed. 
The plant had emitted long tl'!\iling stems, IlIId these had boon 
Wl'!\pped round with a. blanket, 60 lIB to protect them from the 
frown ground lOud from radiation; bnt a very large ll11mbtr 
of lea.v811 were l(;ft frooly uposed, which had gone to sleep. 
and of til6l!e only 12 were killed. After another interval,tbe 
piant,witiJ 9 loovcs pinned out, W8Jj lignin ex)lOl!ed for Ih.,tbe 
temperature 011 the ground beingllgll.in - '.10 C. Six of the lca\'CII 
were killed, IlIId one which did not lit first II.ppcar injured after­
wards became streaked with brown. '111e trailing branches, whieh 
rested on the frozen ground, had one-half orthroooquarl<Jrsoftbeir 
ieaveskilled, bllt of the many other leav811 on the plant, which 
alone conld be fairly compared with the pinned-out ones, no~ 
appeared at first sight to have becn killed, bllton carefulSlBreh 
12 were found in this state. After another intenal, the plaut 
with 9 lro\'cs llimH.'d out, W8Jj ex]X.lSed for 35-40m. 10 8. ele.r 
sky and to Iloorly thc sam<J, or perhaps a rnther lower, tempera­
ture (for the thc1lllolllcter by an aecidcnt had bcx:n left on a 
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sun-dilll c.l0I'e hy), and 8 of these lcavell were ltillllll.. Of the free 
IEllv" (those on the trailing braneh611 not being ooDi1'.idered), a 
good many were killed, but their number, oomp&red with the 
uninjured on68, WI\.II fJlI1a1l. Finally, taking tho three triala 
togetber,21leavOlJ,eltendcd horizontally,were elpoecd to the 
zenith and to unob!tructoo radiation, lind of tllC80 20 were 
killed and 1 injured; whilJlt a relatively very l!Jnali proportion 
of tho lOOVOll, whieh had been allowed to go to ijloop with their 
It'tof!elll "crtically dependent, were killed or injured. 

The ootylooons of several plants were prep"red for trial, but 
the wOO-tiler WI\.8 mild and we 8ucooeded only in a single instanoo 
in having 8Cedlings of the proper age 00 nights which were 
door and noM. The notylooOIl8 of 6 800diinge of .41;_ ptl·lioa 
were IMWn(l(1 open on norll:, and were thus oxpoeed for 1 II. 45 m. 
to a clear Iky, 1\'itb the temperature on the IAlrrounding ground 
at 29'" Y.; of th_,S were killed. Two otheracedlingtJ,aner 
their cotyledons had risco np and ha.d eloeod to(::cther, wero 
bent over lind fllStened 80 that they stood Iloriwnlally, with the 
IO'll'er.rurfaooof one cotyledon fullyelJlOIICd to tho zenith,and 
both ""ero ki!!ed. Thereforo of the 8 aoodlinga timJl tried 5, or 
moro than half, were killed. Seven other aoodlillg8, with their 
ooisl(l(iooain their normal nocturnal position,vir., "erticalaDd 
elo&ed, were exJ'l(lllOd at the!;lllD.e time, and of thCfiO only 2 were 
killed.- HelH:eitappears,nsfllrnstllel!Cfewtrialetellanything, 
Shat tho vertical IlOIlitioD at night of the cotyledoll' of ,Ui_ 
pwli.c(JprotoctstholO to a oertaindegroofl'Omthco"iI el!'ootsoC 
ndiation and cold. 

Condudin!l Remarks on the Radialion. fronl Leat:elJ 
at Night- We exposed on two occasions during the 
summer to /I. clenr sky several })inll('d-open lenflets 
of Trifolium pratense, which nfltumlly risc nt night, 
an'} of Ozali, lmrpurea, which Ilflturnlly sink fit night 
(the plnnts grQ\\' ing out of doors), and looked nt 

• Wo were Iurprioed tha~ It""'ybe-.JdC(lthat "'oI)lllingsof 

;:t',,~~~!,-z..t::~~~: !~~iar~r~~~= 
"' .... t., .. 'II'CU .. lhcydid,u_ oY.'II'it.hlhetemp.un thelur-
~ror l br .• .!Im.toaelea.r roundinggrouullal-20o.,and 
.,.,the l('mpen.tlll'e on Ibellll'- tbcy IHreDOt in Ihek ... 1 injtlJ'll<i. 
IIIIInding fTODnd being w> F. 
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them early on several successive mornings, after they 
had assumed their diurnal JX"Sitions. 'fho difference 
in the amount of dew on the pinncd-open leaflets 
illld on those which had gone to sleep was generolly 
conspicuous; the latter being sometimes absolutely 
dry, whilst the leaflets wmch had been horizontal 
\\ere cooted with large beads of dew. 'fhis shows how 
much cooler the leaflets fully exposed to the zenith 
must have becomc, than those which stood almost 
vertically, cither upwards or downwards, Juring tilC 
night.. 

From the several cases ai:l()l"e given, there call be 110 

doubt that the position of the lea\'C8 at night affects 
their tempemtill'6 through radiatiOIl to such a degree, 
that when exposed to a clear sky during a frost, it is a 
question of life and death. We may therefore admit 
ItS highly probable, seeing that their nocturnal posi­
tion is so well adapted to lessen rudiatioll, that the 
object gained by their often complicated sleep mO\'e­
ments, is to leslJ(ln the degree to which they are 
chilled at night. It should be kept in mind that 
it is especially the upper surface which is thus pro­
tected, as it is never directed towards the zcnith, and 
is often brollght into close contltCt with the upper 
surface of an opposite leaf or leaflet. 

We flliled to obtl\in sufficient e"idence, whether 
the better protection of tbe upper surface has been 
gained from its being more eflSily injured than the 
lower surfa.ce, or from its injury being 8. greater eru 
to tbe plant. 'fbat there is some difference in coJl8ti­
lution between the two surfaces is shown by the foUow· 
iug cases. Ca8siajloribunda was cxposed to a clear sky 
on u. sharp frOflty night, and se\'crl\1 lCI\flcts which 
11I\d assumed their nocturnal dependent position with 
tbeir lower surfaces turned outwards so as to be 
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exposed obliquely to the zenith, nevertheless had these 
lower surfaces less blackened than the upper surfo.ces 
wbich were turned inwards am) "ere in close contact 
1I""ith those of the opposite leaflets. Again, a pot 
full of plants of Trifolium refllpimUIIIJI, which ha(1 
been kept in a Wlmll room for three days, was turned 
out of doors (Sept. 21st) on a clenr and almost frosty 
nigllt. Next morning ten of the terminal leaflets wt're 
examined as opaque objects under the microscope. 
These leaflets, ill going to sleep. either turn vertically 
upwards, or more commonly bend a little o\"er tbe 
lateml lellfiets, so that their lower surfllCes are more 
exposed to the zenith than their upper surfaces. 
Nevertheless, 8ix of these ten leaflets were dj8tinctiy 
yellower on tho upper thall on the lower and more 
exposed surface. In the remllining four, the result 
1r88 not 80 plain, bnt certainly whatew:r differenCi' 
there was lellned to the side of the npper Burfuce 
baying 8utTered mosL 

I t has been stated that ROme of the leaflets experi. 
mented on were fastened close to the cork, ami others 
at a height of from i to f of au inch abe,'c it; and 
that whene"er, after eXpoiIure to a frost, any difl'erCIlC'e 
could be detected in their states, tIle closely pinnell 
ones hall suffered most. ' Ve attributed this difference 
10 the air, not cooled by radiation, having been pre­
Tented from cireulating freely beneath the cJOISCly 
pinned leaflets. That there Wi\8 really a difference in 
the temperature of leaves treated in these two dif· 
ferent methods, was plainly shown on Olle occi\8iOIl ; 
for after the exposure of a pot ,lith plants of Melilenu, 
d.iala for 2 h. to IL clear sky (the temperature on the 
IUrroulllling grass being - T C.). it was manifest that 
more dew had congealed into hoor·frost on the closely 
pinned leaile18, thall on those whieh stood horizontally 
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II. little above the cork. Agaiu, the tips of some few 
leaflet!, which had 00e1l pinned close to the cork, pro­
jected {l. little ooyond the edge, so that the air could 
drculate freely rotllul them, ~rhis occurred with six 
leaflets of O.zali. Rcd~lul, and their tips certainly 
~nffered mther less than the rest of the 8/lme leaflets; 
lor on the following morning they were still slightly 
groen, The SIlme lC8ult followed, e\'cn atill more 
cleilrly, in two cases with leaflet! of Jfelilotu. officinalu 
which projected a little beyond tho cork; ilnd ill two 
other CilSCS some lenflets which wero pinnetl close to 
the cork were itljurod, whilst other free leaflets on 
the same leaves., whieh had not space to rotate uud 
f\8SlIme thcir prol>cr \'crtical position, were not at all 
injured. 

Another analogous fact desen'e8 notice: we obsen'oo 
on sc\'erol ocCillliolls that a greater number of froo 
loo,ves were injured on the brunches which had been 
kept motionless by some of their leaves having been 
pinned to the corks, than on the other branches. This 
was conspicuously tho case with those of Melilotla 
Pditpierreana, but the injured leanl8 in this instance 
were 1I0t actually counted, With ArM/ti. hypogtea, a 
young plant with 7 stellls bore 22 free lea\'cs, imd of 
these 5 wero injured by the frost, all of which were on 
two stems, bearing four lel\\'cs pinnad to the cork­
supports. With O:talu OOI"lI08a, 7 (rro leaves were 
injured, and e\'cryone of them belongcd to a clwter 
of leaves, some of which bo.d been pinned. to the cork. 
We could ncconnt (or these CiI8e8 only by supposing 
that the branches which wcre quito freo had been 
sl ightly wllvetl about by the wind, lind that their 
lca\'cs had thus been a little warmcd by the sur­
rounding warmer nir. If we holt! our hands motiun­
less before l\ hot fiN', and then wa\'e them about, \lie 
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immediately feel relief; and tbis is evident.ly an 
analogous, tbough re,'crsed, case. Thcso sc,'ernl facts 
- ill relation to leaYf!8 pinned c.I080 to or a little abo,'c 
the cork-flupports-to their tips projecting beyond it­
oml to tho leines on branches kept motionless-seem 
to us curions, fIB showing how a. differencc, apparently 
trifling, may determine the greater or Icss injury of 
the lellvcs. We may even infer as probable that the 
less or greater destmction during a f.rost of the leaycs 
011 a plant which does not slee}), may often depend on 
Ihe greater or less degree of flexibility of their petioles 
and of tho branches which bear them. 

:XrCTITROI'IC on SLEEP ]JOl'ElIENTS OF COTYLEDONS. 

Wo now como to the descriptiv~ part of our work, 
find will begin with cotyledons, passing on to leaves 
in the next chapter. \\Te hayo met with only two 
hrief notices of cotyledons sleeping. Hofmeister,­
after stating tllll.t tho cotyledons of all the observed 
seedlings of the Caryophyllere (Alsinero and Silenero) 
bend upwards at night (but to what angle bo docs not 
state), remarks that those of Stella ria media rise up SO 
as to tOlleh ono auother; they may therefore safely be 
said to sleep. Secondly, according to Uanley, t the 
cot~'ledons of Mimoaa pudica and of CliantllU' Dam­
pieri rise IIJl alm08t vertically at night alld approach 
each other closely. It has been shown in a previous 
ch!lpter that the ootyledolls of A. largo number of 
plants bend a littlc \lpwards at night., and we here 

• ha"e to Illoot the difficult question at what inclination 
may they be said io sleep? According to the "iew 
which "0 maintain, no moW'mellt deS('n'cs to be called 

• 'DIcIA'I'f8\"OIIderPflftnZo'nulle,' 18G7,p. 327. 
t 'A,ltmtoniu,'lllan:h IOIh, 1869. 
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Ilyctitropic, Ultles8 it has been IlCquired for the sake of 
lessening radiation; hut this could be disco,'ered onlv 
by 1\ long series of experiments. showing that the. 
leflves of each spec ies suffered from this cause, if pre­
vented from sleeping, We mnst therefore take an 
arbitrary limit, If a cotyledon or leaf is inclined at 
60" aoove or beneath the horizon, it exposes to the 
zenith about one-half of its area; COnSC(lllently the 
intensity of its nldiution will be lessened by about 
half, compared with what it would hlH'e been if the 
coty ledon or leaf had remained horizontal, This 
degree of diminution certainly would make a great 
differenoo to a plant having a tender constitution. 
" 'c will therefore spcak of a cotyledon and hereafter 
of a loof as sleeping, only when it rises at night to 
au augle of alxmt 60", or ro a still higher Ilngle, above 
the horizon, or sinks beneath it to the same amouut. 
Not but that a lesser diminution of radiatiOll may be 
advantageous to a plant, 88 in the case of Datura 
stramonium, the cotyledons of which rose from 31° at 
noon to 55° at night above the hori1.()n. The Swedish 
tUfllip mll~' profit by the area of its leaves being 
reduced Ilt night by Ilbout 30 per cent., lUI estimated 
by )Jr. A. S. Wilson; though in this case the angle 
through which the leal'es rose was not obser"ed. On 
the other bUild, whcn the angulur rise of cotyledons or 
of leaves is small, such as less than 30~, tile diminution 
of radiation is 80 slight tllat it probably is of no sig­
nificance ro the plant in relation to radiation. For 
instance, the cotyledons of Geranium Iben'cum rose at • 
llight ro 27~ above the horizon, and this would Jessen 
ntdiatiou by only 1 J per cent.: those of £inum Berm­
die"; rose ro W, and this would lessen radiation by 
16 per cent. 

1'hero are, howe"er, some other sources of doubt with 
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I'CSIK!et to the sleep of cotyledons, In certain cases, 
the cotyledol18 whilst young diverge during the day to 
only a vcry moderate extent, 80 that a amall rise at 
uigbt, which we know occurs with the cotyledons of 
many plants, would necessarily cause them to nssume 
a. vertical or nearly vertical position at night; and in 
this case it would be nlsh to infer that the movement 
was cfl'ected for uny special purpose, On this account 
we hesitated long whether we should introduce se,'eral 
CucurbittloCOOus plants into the following list; but from 
rmsons, prcllClItly to be given, wo thought that they 
had betler be at least temporarily included, 'fbis 
SIlllle souree of doubt applies in some few other cases; 
for at the commencement of our obsenRtioll8 we did 
not always attend sulliciently to whether the cotyle­
dons stood nearly horizontally in the middle of the duy, 
With sevcral seedlings, the cotyledons u.ssume a highly 
inclinod position at night during so short a period of 
their life, that a doubt naturally lU"iscs whether this 
can be of I\ny IJ(lrviee to the plant. N6\'ertholess, in 
most of the cases gi,'cn in the following' list. the coty­
ledons mny be as certainly said to sleep as may tho 
leaves of any plant. In two cases, lIamely, with the 
c:abbage and radish, the cotyledons or which rise almost 
vertically during the few first nigbts of their life, it 
1ms ascertained by placing young seedliugs in the 
klinostat, that the upward mo,'emcnt was not due to 
apogootropism. 

'fho nlUMS of tho plants, tho cotyledons of which 
stand nt night at an angle of at least 60J with the 
horizon, !He Ilrranged in the appended list on the SIlme 
.ystem as previously followed, The numbers of the 
FILlUili{'.s, and with the Legmllinosro the numbers of 
the Tribe>!, have been added to show how widely 
tbo plants in question are distributed throughout tho 
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rlicotylcdonouB series. A few remarks will have to 
be made about ma\ly of the plants in tho list. In 
rloing so, it will be convenient not to follow strictly 
any systematic order, but to treat of tho Oxalidoo 
and tho Leguminosro at the close; for in these 
two Families the cotyledons uro genemlly provided 
with a pulviuus, and their movements endme for a 
milch louger time than those of the other plants in 
the list. 

[,ill Qf S«dling Plantl, Ihe ool.~ltdoru Qf lII"i<:h ri~ Qr ,illk at 
night to all angk Qf rd lta't 60" awue Qr ~nwth the horium . 

Br .... 'ea oleTII<:eL Cruc!ferlO(hm. gllmiuoolt (Tribe 13>-0<:01"11-
14). iug t .. Mr. ItJ. I.ynch. 
--upns ( ... we a" iDrorm~ Ca"",~ m'm_idea. Legumiooo,", 

by l'rof.Pfefftr). (TriheI4). 

~~~~~~:u.~:itYn".:·. CC~~~::~~~llee == ~~:~,~:: 
(hm.26). --oo'"1,nbooo.. 

St%J;;:~:r~.:'~u~;Z.l"IIi~~r;~p~;f: == ::r~n •. 
lea:. -Deglec\.1l.. 

A" ... h Wrightii. Mall'acee (hm. _ 3 other Sruilinn uunRm~ 
36). 'p"deoo. 

G""'ypium (nr. Nankin <:Olton). s"uhin;a (sr. f). Legumin""" 
~I"Juce,",. (Tribe 15). 

Quit. n>otR. Q .. lid .. (F"m. H). Nertunia ol.noea. I"'guminos.. 
-Roribunda. (TribeZO). 
- - uticul~t.II. )Jimooa pudi(K. I.egllmiu ..... 
-V.ldiyiaM. (rribe~l). - .. n,it;~~. ~albida. 

GerKn;um .olnndifolium. G.",,- CUlurbita o~if.r~. C"onrbitaooa) 
II;Ac",.(Faln.47). (Fam.lOO). 

Trif'.'lium ."btura"e"m. ugU-I-- au.antia. 

m,n_ ~!~~:I2:~: 3~ ~~~:i~t~~E~. g~~:~:I:I~r: 
I ... tu. orn'tho]l<']l<'iJes. I..,gumi- (~'am. 113~ 

no.e (Tri'" 4). _gra'· ... len .. == h:~::.'· U.~~2)~ ocariola. Compooita!(Fam. 

CIiAnlh... Daml'i~ri. I.ej;(umi_ Heli."th" •• nuu".r). Com]l<'lit ... 
uo,,,, (Tribe.'>)---&coordinj;(I<>M. lpom",. ""'rul .... COII.-<.lyulacte 
Ramey. (hm.151). 

::l~,~~~~t:~~:pe<h::::=.in: I S;=:: 
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(.· ...... 1:.;). Beta ul,a .... l'o.lr.-V·.m. 
Ali"",] .... (.p. P) Sc:roplool~ri"_ 119). 

Liu of &tdlittg Plattu «(OJfttillJt«i), 

SoIanlll Jrcop"nic'''''. Solaa ... \ ):hrabiH.lo.{iA .... ~. 

0· .... · I~g)-from jar" ..... tio" .A ........ "IIo ... CIoud.l .... .Amara". 
(i.~II\I.b1I'ruf.l'r.Ot,.. th_(.·.m.IS,,). 

)Ii .. bili. j.J'l'" Xrota(."e .. Conubil .. I, •• (l). wn"at.iuo .. 
(hm. 171'). (hm.19:'). 

IJrauim Q/era.rea (Crucirerre).-It was shown in the firatchRpter 
that the cotyledons or the common cabbage riM in the evening 
and fltaud vertically up at night with their petioJo. in contact. 
Buttw the twoootyledoll8ar6 oinneqUAI height, they frequently 
interfere A little with each other'8mo,·cmenta. the shorter one 
often not atau(ling quite vertically. Tiley awake early in the 
morning; thul at 6.45 A.M. on Nov. Tith. whiillt it was ~till 
dark, the ootyledollll. which had been vurtical aim in oontact on 
the)lre,·ioll8 evoo.ing, "'"CIe refie.:s:ad. 811d IhUllllf(J8(lntcd II. yery 
dilf~rent Appouanoo. It should be borne in mind that seedlings 
in gennhmting at the proper &e!UIOn. ",·ould not be .subjected. to 
darknCSII at tilis hour in the momillg. The &OOye amount of 
movement of tlJe ootylodoll8 iaonly temporary. IMting with plants 
kept in a warm greenhouae from four to six days: how long it 
.·ould lMt wilh eeodlings growing out of doofll wo do not kIlow. 

JlIl,II'lfl'" ~it'\.ll.-ln the middle of the day the blades of 
the cotylod008 of 10 eeedlings stood at rigllt angles to their 
hypooolyls, with their petioles a Httla diyergcnt; at night the 
hladlll.toodverlically.withtheir~inoontactandw:ith 
their petiol611 pt.ral1el. Next morning. at G.4.jA.K., whilst it 
11"88 mil dark. tho blades ",·ere horizontal. 011 the following 
night they were lUueh rai&ed. but hardly IJtooJ .um .. icnlly Yer­
malto be@aidtobe8llIoop.and80it ...... inastiJIle9lldegroo 
onlhotliirdnight. Thereforethecotyledollllofthisl)hmt(kept. 
in the groollhOU.6C) SO to sloop for evcn & ahorter time thall 
Ihoee of the ca.bbage. Similar observations were made, lIutonly 
dnring a sinj!'lo day and nij.":ht, on 13 other aoodlinga likewiso 
raillOOinthegroonhouae,withthesamonllllllt. 

The petioles of the ootylooons of 11 young eeedlings of 
Si""l,u fll"gr$ wero slightty divergent at noon, alld the blades 
Jtood lit right IllIglos to the hypoootylsj at night the petiollll 
were in elOllG contacl. alld the blades considerably raised. 
with their ~ ill oontact. bllt only a few stood sufficiently 
.. priSM to be called asleep. On the follo",'ing morning. 
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the petioles divergoo befortl it W811 ligllt. Tho hypocotyl is 
slightly l!(!nsitive, so that if rubbed with 1\ noodle it bends 
towlU"ds tho rubbed sido. In tho case of l.qsidi"ll.m .... ti~ ... m, tho 
petiolos of tho cotyledons of young BOOdlings. dh'erge during 
the day aud converge so 811 to toueh ooch other duriug tile 
night, by which moons the bases of the tripartite blades are 
brought into contaet; but tho blades are so Iittlo raisedtl]at 
they cannot be said to slcep. The cotyledons of several other 
crucifcrou8 platlls WHO oh6cn'ed, but they did not rise sufficiently 
duriug the uight to be said tos-leep. 

Uilfwgo .... g<fum (Caryophyllere).-Qn tho first dllY lifter the 
colyledonll had burst thl"Ollgh the eeed-coots, thoy stood at noon 
at an angle of 75°abovo tllo horizon; at night they moved 
upwards, each through an angle of 150 so as. to stand quitlJ 
vertical nnd in oonlaet with ono another. On tho sooond day 
they Blood at noon at 59<' above the horizon, and again at 
night were completely closed, each hln'ing rison 31°. On the 
fourth day the ootyledons did not quite eloseat night. The 
first and succeeding pairs of young true leaves behaved. in 
exactly thol;lUlle manner. Wethinkthntthomo\'ementinthis 
case lUay be called nyetitropic, though tho anble paased. through 
,,"alIsman. 'rhe cotyledons are very sensitifO to light amI wi!! 
not expand ifexposeo:i. to an oxlremely dilU one. 

Anoda Wrightii (llalvace:ro).-Thecotyledons whilst moderately 
yOllng,flnd only from '2 to '3 inch in diameter, sink in the 
evening from their mid..Jny horizontal position to about 35° 
benroth tbo horizon. But when tbe same seedlings were older 
aud had produood 8ffi3U trno lOOfllS, the almost orbicular 
cotyledons, now'55 inch in diameter, moved vertically downwards 
at night. This fROt made liS suspect that their sinking might 
bedno merely 10 their weight; hut they were not in the least 
fla.ccid, and when lifted up sprang back througll elasticity hito 
their former dcpondent potlition. A pot with IIOme old seedlings 
Wf\8 turned upsi{le down ill tho afternoon, before the 1100-
tllmal fall had commenced., and at night thoy assumed in op­
position to their OWll weight (and to any geotropic action) III! 
upwardly directed vertioo! potlition. Wilen pots were thus 
reversed, after the evening fal! had alrca.dy commenced, the 
sinking moyemcnt appesred to be IIOmewhat disturbed; but all 
their movemenU! were oocasion]l.lly variable without any apparent 
CllllilO. 'Ihis llltter faet, as well as lbat of tho young cotyledons 
not sinking nearly so much as tbc older ones, deserY08 notice. 
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Althougb the movement of the cotyledon. endured for a long 
lime, 110 puh·inQ Wall exteriorly visible; but their gnnrth 
continued for a long time. The cotyledolls appear to be only 
&I.ighUy heliotropic, tbongh the hypocot,.l ill ,trongl,. flO. 

GoaypjIHAolroorrom(?) (var. Nankin cottOII) (lla.lvaooal).-The 
cotyledonl behp,\·eill neorly the BIImemll.nner all thoaeof tbe 
Alloda. On Juuo l 5th the cotyiedOll8 of two fltIedlillgs were 
·G5iuoh in length (measured along the midrib) andatood bori-
7.ontally at noon; lit 10p.x. they occupied the same potIitiou 
alld hadnotfnllen at all. On June23rd,the cotyiedOll80f olle 
of thOl!e 1Je(l(!lings were 1"1 inch in length,lml by 101'.111. they 
had fallen from a horimntal potIitionto62"benee.th the horizon. 
The ootyledon8 of the other soodling",·erel·3iuch in lcngth, and 
a minute Irue leal bad been formed; the,. had Callen at 10 P.II. 

10700 beneath Ihehorimn. On June2.:ith, the true loaf oft.his 
litter -'.ling Wall ~ inch in lcngth, and the cotyledons oocu­
I'ieo:inearlythe.amepot!.ition alnight. n,.July!\tbthecotyle­
don.appoored very old Rnd showed signs of withering; but they 
stood at noon almost horizontally, and at 10 1'.11. hung down 
vertically. 

GOffypium Im·/>,ctllm._It is I'(!marlmblcthllt tho cotyledons of 
t hisspocicabehal·odiffel'(!ntlyfromthoecofthelll8t. Thcywerc 
obeerved. during 6 wooks from their first development unti l 
they had gro"·n to & I'Cry laxge Ilizc (still AI'JlCf'ring fresh &lid 
green), viz. 2l inches in breadth. At this age a true leaf had 
~ fanned, ""hieh with its petiole was 2 inehee long. During 
tho ",hole or tlHl8e 6 weeo the cotyledons did not 8ink at Dight ; 
yet. ""hen old their ..-eight was coUKiderable and they were borne 
bl much elongaWd pctioica. Soodlinga rail'Cd from some Heed 
llent n. from Naples, behaved in the IIRIDI) UlAnner; aa did thOll6 
of a kiJl(1 cnltivated in .Alabama and ... f the Sea-island cotton. 
To what spcciCII these tlil"C(! latter forms belong we do not know. 
We could 1I0t mako out in tbe 011.38 of the Naplca cottOll, that 
the poeition of the cotyledollll at nightwns influcnced by the 
lIOil being more or lCIIII dry; care being tliken that they were 
not rendered flaocid by bcillgtoo dry. The weight of the large 
eoiylOOoIll of the Alabama and Sea-il;land kill<il ea.1ll!ed them to 
hang IMmlOwhat dowlIward.8, whell tha pote ill which they grew 
were left for a time upl!ide down. It should, howel·cr, be 
ob8erved Ulat theee three kinds were raised in the middle of 
tbe wintcr, which IIOmctimes greatly interrCnlI ",ith the proper 
uyetilropic lDOl"CmCnUl of leal"e8 and ootyled.Oll'" 
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C"curbitftee<l'.-The ootyledons of Cucurbila aurantia and OIIi­
fera, and of J.a91!1w.ria1rnlgaril,~tand from the 1st to the8nlday 
of their life at abollt6O" above the horizon, and at night rioo 1IJ1 
110 lUI to become "erlical and in dose oontact with one another. 
With Cucumil dwlaim they ~tood at noon at 450 allm'c the hori­
zon, and dosed at night. The tips of the cotyledons of all these 
"fIOOiOlilare,llOw,n'cr, rcfleIOO, 110 tlLat this part is fully exP060C] 
to thc zcnith at night; and this fact is 0PllOlled to the belief 
thntthemovemellt is of the saDie nature l1li th.at of sleeping 
)llanta. After the first two or three daY8 the ootylcdons 
(liverge more during the day and cease- to close at night. 
Those of Trichota"th~ anguina are somewhat thick and fleshy, 
and did not rise at night; and they could perhapB hardly be 
eIpoctoo to do 110. On the other hand, those of .i.:wdkoolieyo. 
horruw· pre~nt nothing in their aP]loaranooopposOO to their 
lOovingntnight in the same lllallnerasthcproccdingspeeies; 
yet they did not rise up in any plnin manner. Tltis fact load~ 
to the belief that the nocturnal movements of the aoovc-namoo 
~pooiCli hllll been aequired for some special purfXlSe, which may 
be to protect the young plumule from rsdintion, by the close 
oontact of the whole bN;a1 portion ofthetwoootyledon8. 

(J,rnnium r(.ohmdf(dium (Geraniace."Il).-A aingleseedlingcame 
up accidentally in a pot, and its ootylOOon8 wetC o!.Jl!crvod to 
bend perpendicnlarly downwards during several IrIlcceesi,'c 
nighls, having lleeu hori7..0ntal at noon. It grew into a fine 
plant but died before flowering: it Willi scnt to Kew and pro­
nOllnced to be C€rtainly a Geranillm, and iu alll)l'ooobility the 
aOOve·ruunoo species. Thill case is lCmRrkable because the 
ootyledons of G. cit.ereum, Em1rt!osii, lbericum, H;.c/,ardlO'lli, and 
aubrutlkl«fiA were obBen-ed druing IIOme weeks in the Winter, 
lind they did not sink, whilst those of O. lbtr;';um rose 'IF at 
night . 

.d"iultl pdrouliRum (Umbelliferre).-A seedling had its ooty­
ledons (Nov. 2'"2nd) almost fully cIp8.ndcd during the day; by 
8.30 P.II. they had risen considerably, and at 10.30 P.M. were 
alm08tcloscd,thcirtipsbeingonlymofaninehapo.rt. 011 
thefollowillg morning (23rd) the tips were M of an incb apart, 

• Thill plao~. from Dwnmarn climber: it 11M been d""",ribed 
Landin 8. Afriea, is relllarkRble in ·Tnt.!lJ!(Icl. Linn. Soo.; IHii. 
from heing the.one koown mem_ p.30. 
ber of tl'e!<'alllily .... hiehilonut a 
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or more than l!6yen tim(lS ft.8 much. On the Ilo:s:t night the 
ootyledollllO\.CUlliedncarly tholi8JIlepo6itiona.sbefore. On tJll: 

morning of tho 21th thoystood horiwntu.l1y,and at nigbt were 
GO"abovo tho horizon; and 110 it wa.son the night of tho 25th. 
But four dar- aflorwllrds (on the 29th), whell the soodlingl' 
.... ere a .... eeltold. the oolyledonllhad cea.sed. to ri!lO lit night 1(. 
anypillindegree. 

~pi"'11 gT(lllt<Jltns-The ootylOOonll at noon were horizontal . 
.. nd at 10 P.lI. atood at an angio of 610 abo,'O the horizon. 

LattUQ'J. _rida (ComJlOSitre).-The cotyledone whilst. young 
atood 8ub-horiwntally during the day, and at night l'()IC IJO all 

to OOalm08tvOrtical, and IIOme wore quite vcrtical andc1olied; 
ltut thiB movement coased when thoy had growl! old and large, 
aftcran intC'rnll of 11 daJ'll. 

lIeUalltlu .. al' II U .... (Composibc).-This C81lC is ratherdoubUul; 
thecotyledOIlH rise at night, aud on oneooca.aion thoy slood al 
7S' abovo the horizon, 110 that they might then \..oesaid to 111"''' 
beeulISleep. 

lJKYl1li'l'l4 c«nJM Yol Plmrbitu nil (Convolvul-.ce:e).-Tho 001)'­
ied01l1l behll"a ill nearly Iha same manner 118 tilOll6of the Amxlll 
and Nankin ootton, and like thom grow to a lal'b'C ~ize. Whilst 
~'oung and IIl11all, 110 that tholr b1ad6!l were (rom '5 to 'Ii of an 
ineh in length, measnred Iiong the middla to the bMe of tht· 
eentl'$l notch, they remained horiwntal both during the middla 
ofthaday!l.ud at night. As thoyinCl'C3SC(linsizo thay began 
to sink more and more ill the evening and early night; alHI 
.-hen they had grown 10 a length (mell8ured in Iho above 
manner) of from 1 to 1-2:0 inch, they sank between 5,)0 and 70 
beeeath the horiwn. They acted,l\Owover, in this Illanucr only 
whcll thay had been well illuminated during tha da.y. Nel'or­
thelelil!, the cotyledonll have little or no power of bonding 
words a lateral light. although the bypoootyl is strongly heli~ 
""Pic. They are not llrol'ided wllh a pulvinulI, but eontinu(, 
to grow fora long tilllo. 

JrUf/Wa l>ur/,uNi« (val Pharbilu hupiJ<l).-The cotyledollM 
behllve in all nlIIllOOU like thOl!6of I. ~fU. A lleedliug witl, 
rutyledoIlll 'n inch in longth (mea.sul"Cd as before) and l'w 
iDt:h in broodth, having a IUllaU truo Imf da"cloped, was placed 
"a.30 P.,H. 011 a klin06tat in a darkcned bo:s:, flO that IlCither 
weil:ht nor gootropillm conld act. 011 thew. At 10 p.lI.olle cot)'­
*1on 1ll00d at Tlo and the other at tI'!O benooth Iho horiwll. 
B.f ... re being placed. ill tha klin08tat theysiood at 15° and 2J 
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lene. ... th the horizon. The nocturnaljlOf!ition depends ehicfly 
on the eun·aturo of the petiole ciOl:!(l to the blade, but the wholo 
jJeiiole becomes slightly cuned downwards. It deserves notioo 
that seedlings of tllis and the last-named spooiOl! were mised at 
the end of February and another lot in the middle of Murch, 
and the ootylC(lons in neither case exhibited any nyctitropic 
moycment. 

1po_ b.ma-MQ:.-'Che cotyledons after a few dnys grow to 
an enonnou!:! size, thOl:!(l ou /I young seedling being 3t illChCll 
ill hreadth. They were CItendoc:\ Ilorizoutal!y at noon, and at 
10 P.M. stocxl at 68° beneath the hori1".Qu. Fj" e days ufte~ 
ward!:! they ~'ere 41 inehes in breadth, and at night one stood at 
64° and tho other 48° beneath the horizon. Though the blades 
'Ire thin, yet from their grout size and from the petioles being 
long, we imaginoc:\ that their deprCSllion at night might be 
detennined by their weight; but when the pot was laid hori­
zontally, they becamo curved towards the hypooolyl, whieh 
movement oonld uot haye been in the least aided by their 
lII·eight, at the same iJme they were somewhat twisted upwruUs 
through apop:oolropism. NeverthelC88, the weight of the coty­
ledons is sofllr influential, that when on another night the pot 
was turned upside down, they were unable to rise and thus to 
ll.!Sumethcirpropcrnocturualpositiou. 

lporrum ¢'"!I%in .... ,.-The ootyJoc:\olls whilst young do not sink 
at night, but when grown II, little older, but still only·4 inch in 
lellgth(llle~llrOO 8.1! before) 3mI'82 in breudtb, they booIIUle 
greatlydepressc<.i. In 0110 ease they werc llOrizontal at noon, 
and at lU I'.M". ono of them atocxl at 61" and tho otherat4T 
jJeneath the horizoll . 'l'ho blades arc thin, aud tho petiolOl!, 
"'hichbocomomncheuned down at night, arc short,!lO that 
hrrc weight ctln hardly ha\"e l)roduced any cffoot. Withallthe 
fl\lO\"O species of J pomcea, when the two ootyledons on the sallie 
o;redling were unequally depressed at night, this IICCIllOO to 
depend on the )">OSition which they had held during the day 
with referenee to Iho light. 

Solw,um lyrop!'nicum (Solanem).- The ootyledons rise 80 
muehn.tnightastocomoncarlyinoonlact. 'l'hOllOof ::'.1,alitlll­
Nlnl~um wero horizontal at noon, and by 10 P.lI. had risen onIt 
27°30'; but on tho following morning before it~·aslil!:ht ther 
flood I\t 59" 11.00'1'0 the hori?on,fl.m\ in the afternoon of the same 
t\.ywerea)?flin hori?OntnL 'l'hebehayiourof Ihoootylooou.oI 
tllis latter ~pecics ~eems, thereforo, to be anomalous. 

W rk rwn nli 
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J(.nlhil;. }o.lapa and longiftum (Nyetaginem).-The ootyledou8, 
which are of unequalll.iw, stand horizontally during the mjddle 
of the (lay. and at night rise up n'rtically lind oome into eloee 
oootactwithonollouother, Jllltthillmo\'elOeutwitll.-ll./ongiJlur<J. 
Iuled for only the throo f\rst nighls. 

Odd lItdgar;' (Polygo~).-A large nnmbcrof IOOdlings \II'ere 
obeerved on three oooasious. During the day the ootyledoos 
IIOmatimos stood snlrhorizoutally, but mOn) conunonly at lion 
IlIglo of about 50" lbo\'o the hori~on, and for the !lrst two or 
three night. Ihey roao 11\) ,'crtically I!O lUI to be OOInplelely 
doeed, During the ~ueooeding one or two nights they rUle 
only a httlo, lind afterwardB hardly lit Ill!. 

. lmaron/AIII rum/alw (Awamnthacun).-At noon tho ooll'. 
ledolllj of lIl4uy IOOdliugs, whieb had just germill4ted, stood at 
about 45" above the horiron, and at 10.15 P.lI, lOme WCl"6 nOllrl,.. 
Iud othors quite c1osod. On tho fol1owiuglllorllillg thoywere 
~'UinwelloJ:palLdodorOJlen. 

o..n"ab;' tatilM(Cannabiuete),- Weare Tery donhtful whother 
this plant ought to be here iucluded. The ootyloooos of a largo 
number of fleodlings, artor being 'o\'el1 i\IumiuII.ted during the 
day, were curved downwards at night, !IO that tho tips of !IOmo 
)lOiuted diroctly to tbegrounu, but the bssa1lJart diduot appear 
to he .t 11.11 depreseed, On the following morning they \II'ere 
lI;Iin flat I1nd horizoutal. 'l'heootylcdonsofUlIlnyother.l!OOd· 
lings \II'erellt the same time not in any wayaffootoo. 'J.'herefore 
this ease 860IIUI vf;rydHrercnt from that of ordinary sloop,and 
JIIObably comce under tho head ofepinasty, &II is thoeaeo lI'ith 
too leave!! of th.ill Illant aceonling to Knmll. The cotyledons are 
.... liotl"Opic, and 80 ill the hYllOCOlyl ill a still stronger degree.. 

lnali •. -WcnowOOIIletoootyledonlll)rovkledwitha!lulvinus, 
all of .... hieh aro remarbble from tMcontinuanceofthc nocturnal 
IDQvemenl.!l during l!tn-eral days or OVCll weeks, and apparently 
after gro'o\,th hll8 ceMcd. i'he cotyledollll of O. rwa,jlon"liulHia 
aud',rii<uiw Binkvertiea!lydown at nightnnd ellU!l) the npller 
J&rt of the bypoootyi. ThOll6 of O. V~i"",1UI and _uitim, on 
theoonbary. rillC Tcrtically Up,1!O that their uJlper@urfaeeacome 
iDtodOllOcontllCt;RlldnftertheYOlLllgleavCtlarotiovelopedthC8(l 
ve clMJled b)" thecotyledous. All iu thedaytimo thoy stand hori. 
IOIIlally, or &n) even a liltle defloctoo beneath tile horizon, they 
..,vein tho ovening through an angle of at 100000t 90", Their 
roIIlJ,lica!Od eirenlllllutating lllO\'emc.nts dnriug the dIly hll"o 
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been described in the first chapler. The eXJlCriment 'I\'!l!l a 
superfluous one, but pots with soodliugsof O. rQ.!M and floribun.la 
woro turned upside down, !l!l IIOOn as the cotyledons began to 
show any signa of sloop, and this I!mdo no differenoo in their 
movements. 

Leguminom.-It may be IiOen in our list that the cotyJedolJs 
of sev<:ral sjlOCiCil in nine genera, widely distributed through­
out the Family, sleep at night; and this prooobly is tho Ct\I;6 

'\lith many others. Tile cotyledons of all thelle sllOCiee are pro­
vided with a pulvinus; and the movement in all is continued 
during IlIl\uy days or weeks. In Cassia the 00lyledon80f Ihe 
ten speciell in the list rise up verlica1Jr at night and oome 
into cJose oonlactwith one Rllother. WeobEler"ed that those 
of O. florida opened in the morning rather Inter than thOllO of 
C. g/uuea and ]tubnoce1I$. The movement is exactly the same 
in C. mimoto"'a as in the other specics, t1101lg11 iii! Sllbooquently 
developed ICll.vcs sleep in R different mlllner. The 00lyledon8 
of an eleventh species, namely, C. nod,...a, are thick and flcshy, 
fIlld do not rille up at night. The cireumnutation of the coty­
ledons during the day of C. lora ha~ been described in the fil'llt 
clUl.pter. Althougll the cotyledons of 8mitlu'a .... "iti<'a rose from 
a horizontal position in the middle of the day to Jl. vertical onc 
at night, thOllC of S. Pfundii, which lire thick and fleshy, did not 
sleep. When Nim<,f(I, pudim and ulbida ha"e been kept at II 

sufficiently high temperature during the day, the ootylooOWl 
oome into close oontact at night; otherwille they merely ri.ge up 
nlmostverlically. The eireUmllnw,lion of those of Itt. pudic.. 
lIas been described. 'rhe ootyledons of R Bauhinia from 8t. 
Cathllrina iu Brazil atood during the day at an angle of aoont 
uJo above tile horizon, and at night rose to 71°; but it is pro­
bable that they would bave elO!lCd completely, if the BOOdling!! 
lilid boon kept in a wanner place . 

.£o11/.II.-1u three species of Lotus the ootyledons were ob6erved 
to sleep. Those of / •. Ja«Jbretu pret;Qut the singular ease of nOI 
rising at night in any ooll8picuoua manner (or the first 5 or 
6 days of their life, and the pulvinns is not well developed at 
this period. Afterwards the slooping mo"ement is well dill­
played, though to a l'ariable degree, and is long continued. 
We shall hereafter moot with a nearly parallel caao with tbe 
leaves of bida f"hombifuiiu. '!'he cotylooollll of L. UWdii an 
only slightly raised at nighl, lind differ much in thia reepect 
from tho thrce apeci68 in our llat. 
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Trif.iiu",.-The gennination of 21 apecies W1UI obeerved. In 
moel of them the ootyledoua rise hardly at all, or only alightly, 
at Dight; but thoee of T. glomnutunt, .Irialu", and in«lrllatum 
lOIO froln 46° to 5/)0 above the horizon. With T. mbUtTl"leam, 
u-nt/lonum IIn(1 atridu~ they stood up vertiC6l1y; lind with 
T . • lmtUlll the rising movement jq aooompanied, 1\8 we shall see, 
by IInether mo.,.ement, which makes UIl believe that the rising 
ia truly lIyctitropio. We did not carefully examine the ooly­
ledoDH of all the SpeciCII for a pulvinu8, but thi8 organ was 
di.8tinctly pl'6ilCnt in those of T. uwurmntum and flri<tum; whilst 
there '111'1\8 110 tmoo of .. pulvinU8 in eome SpeciCfl, for insU!.noo, in 
T. f'UUl'ilWtum, tlw oot"ledons of which do not ri!IC at night. 

7n/Q(ium .NWnTtUInlm.-The bladCII of the ootyloclonll on the 
ftrst day .. ner I,ocrmination (Nov. 21st) were not fully CJ:panded, 
being inclined at .. bout 35° above the horiwn; .. t night they 
roee to about 7So. Two da1'l afterwardH the bl&(IOil at noon 
were horizontal, with the petiol88 highly inclined UI)ward8; 
and. it is remarkable that the nocturnal mO\'ement ia almost 
wholly confined to the bladCII, being effooto<l by the pnlvinUll at 
theirba6Oll; whilat the petioles retain day and lIight ncarly the 
lIIQle inclilillotion. On thia night (Nov. 23rd), ami for !lOme few 
wcooeding nightB, the blades fO!IC from a hori?.ontal into 110 
fertieal poIIitiOIl, and then became bowed inwards at about all 
a~ angle of 10"; 110 that they had pa880d througll nn a.ngle 
of 100". Their lipll now almOlit touched one another, their 
bua being .lightly di\·~nt.. The two blades thoa fonned 
a bighl" inclined roof over the ui8 of the eoodling. This 
lDO'ement ia the&ame III! that oftbe termiDAlleaflelof the 
tript.rtite leavCII of many specie. of Trifolium. After AD interval 
of 8 days (Nov. 29th) the blad88 were horizontal during the 
dt.J', and vertical ai nia:ht, and now they were no longer bowed 
in1rlll'dlJ. They oontinued to move in the ume manner for the 
~lowing two montha, by which time they had ineroaaod greatly 
iDuzo, lheir 116liole8 beiug no lesBthan 'Bofauinch in length, 
ud two true 101"'88 had by this time boon developed. 

Tn/wium ftriclum.-On the fil'!lt day after genniD!l.tion the 
cotyledon., which are provided with a pulvinlla, .tood at nOOIl 
iMlrizoDtally, aud at night fO!IC to only about "'-So above the 
IIorisoo. Four days IInerwardH the IIOOdlin~ were again ob­
Wl"ed at night, and now the b1ad88 stood vertically and were 
ill OOIItact, 8XC(lpting the tipll, which wt're mueh deflexed, 60 
tbaithoyraoedthezenith. Atthisagothepetioleean'leurm!i 
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upwards, and at night. when the bases of the blade~ are in con­
tact, the two petioles together form a vertical ring surroun<ling 
tbe plumule. 'fheeotyledons continued to actin ncarlythe same 
lILIInner for 8 or 10 days from the period of germination; but 
the petioles had by Ihis time become strrught and had incree.sod 
llluehin length. After from 12 to 14 days the fil"llt lIimllle true 
leaf was fonnod, and (luriug the eusuing fortnight a. remarkable 
movement 1I"nS repeatedly observed. At I. (Fig. 125) we have 
a sketch, made in the middle of the day, of a seedling about 
It fortuight old. The two cotyledons, of which Rc is the 
right, and M. the left one, stand directly oppo!l.ito oue another, 

Fig. 125. 

and the fint true leaf ( .... ) projoots at right angles to them. At 
night (see Il. and III.) the right cotyledon (Re) is greatly 
raised, but is not otherwise ellanged in position. The left 
cotyledon (Le) is likewise raised, but it is alllO twiSted,1IO that 
its blade, instead of exactly facing the opposite one, now stands 
at nearly right angles to it Thisnootuma\ twisting movement 
is effected not by means of the \)ll\9inu8, but by the twisting of 
Ihe whole length of the petiole, as oould be seen by the eurved 
hne of its n]lper ooncave lIuriace. At the same time the true 
leaf (Jr') rises up, ~o 1\8 10 stand vertically, or it m·en ptI.SS(l8 tho 

-verticaillnd is inclinod a little inwardl!. It aloo twists a littJe, 
by which means the upper lIurface of its blade {rouh!, and 
almost comes into contact with, the upper surface of the twisted 

W rk rwn nli 
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len ootylooon" Thia 600ma to be th\l object gainoo by thes.: 
slngular mo\"Cmenla. ,\ltogether 20 liIOOdlinp wcreeDlllit.oo on 
5UOX'e8IIive night&, aud in 19 ofthemitwaa thelcftootyledon 
alone ,,-hid, beenme twi6ted, wilh the truo leaf al ... ",a I!O twisted 
tbatit8UI)pcraurfaceapproachedclOl!l"ly"ndtrontedth"toftho 
left ootylodon. In only one instanoo was the right oolyledon 
Iwistocl, ""ilh the tnlOleaftwisted towardllitj but thill !IeOOling 
was in ILIi nbuormal condition, &II the left ootyledon did not rise 
up I)rnpcrly at night. 'l'hia whole case ia rcmnrknble, l1.li with 
the 00lylodon8 of no other plant have we eoen auy nocturnal 
mOl'cmeut elcept \'ertknlly up""ards or do""nwards, It ill the 
more remarkable, because ... e IIhall meet wilh nn aualOf,rou~ case 
in the 16Ilnlll of the alliedgcltus Mo1i1otue,iu which the ter­
minal leaflet rotates at uight &0 aa to Ill'Cllent one edge to the 
!cuith a.ud at the Bame time bends to one aide, 80 tbat ita upper 
6urfaoeoom(J8 iotoooutact ""Hb that of oneo(the h,o now Tcr­
Iit"llllalerolleaHcla. 

Contlllding Remark. on tl~ Nyditropie Mov,",!&enta of 
Colyledons,-'l'he sleep of eotyledone (tl.ough this is a 
subject which lJas been little attended to), seems to Jx. 
a more COIllUlon phellomCllOn than that of leu\'cs, ""e 
obsen"cd the position of the cotylcdolls during' the day 
and night in 153 genem, widely distributed through­
out the dicotyledonous series, but otherwise selC('ted 
almost by hUZIlrd; and one or more spe<:ies ill ZG of 
these genem placed their cotyledolls at night so t\S 

to stand Yerlicully or almost vertictllly, hn\'ing gene­
rally IllQ\'C(1 through an angle of Ilt leiU.t GO~. 1£ l\"t' 

lay on one side the Leguminoste, tho eoty lcdons of 
.. hieh nre pBrticulnrly liable to s l(){'p, 140 genera 
remain; !lnd Ollt of these, the cotyledons of at lellSt olle 
lpeeics in 19 gcnera slept. Now if 110 were to seleet 
by haMrd 140 genem, excluding the LegUilliuOSlll, and 
ol.llJerved their leaves at night, assuredly not nearly 
10 many lUI 19 would be found to inclnde sJeeping 
.pecies. We here refer exclush'ely to the plants 
obscrn.,<l by ourselves. 
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In our entire list of soodlings, there are 30 genera, 
belonging to 16 :Fllmiiies, the cotylooolls of wllich ill 
IKlme of the specics rise or sink in tho evening or 
4>llrly night, so !~ to stand at least 600 above or he­
nOllth the horizon. In a lllrge Illajority of the genera, 
Illuncly, 24, the movement is a rising one; so that 
the same direction prevails in these nyctitropic move­
Illents 88 in the lesser periodic ones described in the 
second chapter. 'L'he cotyledons move downwards 
during the carly part of the night in only 6 of the 
genera; and in one of them, Cunllnhis, the curying 
down of the tip is probably due to epillasty, 88 Kraus 
beliel-os to be the case with the leavcs. 'fhe down­
ward movement to the amount of 9O~ is very decided 
in Ozalis Yaldit,.iatla and &enliti1:a, and in Geranium 
rollHldifolium. It is n remarkable fact thllt with Anoda 
II'rightii, one species of GossypiullI alld at least 3 
spocics of Ipom roa, the cotyledons whilst young and 
light sink at night "ery little or not at nil; although 
this mo,'emellt becomes well pronounced 88 soon 88 
they hal-o grown large and hOM'Y. Although the 
downward 1110l'cment cannot be attributed to the 
weight of the cotyledolls in the severnl cases which 
were investigntcd, namely, in thaee of tlle Anoda, 
Jpomma purpurea and bona-fl~, nor in that of 1. coc­
l'inea, yet beoring in mind that cotyledolls are con­
tinually circllmnlltating. 8. slight cause might at first 
hU\'e detennincd whether the great nocturnal move­
mcnt should be upwards or downwards. 'Ve may 
therefore suspect tlmt in some aoorigillal member of 
the groups in question, the weight of the cotyledons 
first determined the downward direction. 'fhe fact of 
Iho cotyledons of these species not sinking down much 
whilst they are young find tender, seems opposed to 
the belief that tho greater lllOyemeut when they are 
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grown older, has been acquired for the 8Ilke of pro­
tooting them from radiatiou at night; bllt then we 
should remember that there are many plants, the 
Iccwcs of which sleep, whilst the cotyledonll do not; 
and if in IJOme cases the leaves UfO protected from cold 
Ilt night whilst the cotyledons are not. protected, I!O in 
other CIlSCI! it nmy be of more importalloo to the species 
that the nearly full-grown cotyledons shollid be better 
protected than tho yOllllg ones. 

In all the 81)C{:ies of Oxalis observed by liS, tho coty­
ledons are pro\'ided with puh'ini; but this organ hll.8 
become Illore or leas rudimentary in O. ~rniCfl,lato, 
and the amount of upward movement of its cotyledons 
at night is very variable, but is ne\'er enough to be 
called sleep, We omitted to ascertain whether the 
cotyledons of Geranium TatundiJolium J)()88(!8S pulrini, 
I II the ]~egumillosro all the cotyledons which sleep, ll.8 
far as wo have scen, are provided with pulvini, But 
.'ith Lotus Ja~lj', these are not fu ll y developed 
during the fil"ilt few days of the life of the seedling, 
and the cotyledons do not then rise much at night, 
With Trifolium $trictum the blades of the cotyledons 
me at night by the aid of their J>ulvini; whilst the 
petiole of one cotyledon twists half-round at tlle 8Illlle 
tillie, independently of its J>ulvinus, 

As n genenll rille, cotyledons whieh ate prm'ided 
with pllh'illi continue to rise or sink at night during 
Il mucb longer period than those destitutc of this orgall, 
In this lnt.ler CH.Se the movement 110 douLt depends 011 

alternately greuter growth 011 the upper and lower side 
of the l)Ctiole, or of the blnde, or of botll, precffied 
probably Ly the increased turgescence of the growing 
cells, Such mo\'ements generally IlISt for a \'ery 
.hon J)Criod-for instance, with Bl'I188ica. and Githago 
for 4 or 5 nights, with Beta for 2 or 3, und with 
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1t.lphanus for only!l. single night. '£hcrcare, bowe,'cr, 
some strong exc<,ptions to this rulc, 1\8 the cotylcdons 
of Gossypium, Anodll ulld Ipomooa do not possess ptd­
villi, yet continuo to movo und to grow for a IOllg timc, 
"'0 thought at first that when the Illo,"cmcnt Il\8ted fo r 
only 2 or 3 lIigllts, it could hardly be of any ser"ico 
to Ihe phlllt, and hardly deserved to be called sleel); 
but as many quickly-growing leaves deep for only" 
few nights, and as cotyledons are rapidly developed 
lUl(l SOOIl complete their growth, tbis doubt noll' seems 
to us not wcll-founded, maI'o especially 1\8 these moye­
ments are ill Illany instanc:es 80 strongly pronounced. 
We may here mention ullother point of similarity 
betM'een sleeping leaves and cotyledons, Ilalllely, that 
SOlne of tho latter (for in.slnllce, those of Cassia and 
Githago) are casily affeeted by Ihe absenee of light; 
and they thell eithcr close, or if closed do not OI)Cn ; 
whercas others (us with the eotylodolls of Oxalis) are 
very littlo af\Cctcd by light. 111 the next chapter it 
will be shown thnt tho nyctitropic l1lorements both 
of cotyledons and leaves consist of a modified form of 
cireumnulaliOIl, 

As in the LcguminOSffi and Oxalidre, the leaves and 
tho cotyledons of dle same specics generally sleep, the 
i<lell at first lIutul"lI lIy occurred to us, that tho slcep 
of the cotyledons II"llS merely all early development of 
II. habit prorler to a more advanced stage of life, But 
no sneh explanation can be admitted, a lthough there 
seems to be l!Ome connection, 1\8 might have been 
cXI)OCted, betwccn the two seta or CililCll. For the 
lcaves of mallY plMlliJ sleep, whilst their cotyledons do 
not do so--of which fIlet lJe.modium gyrans ofters a 
good instance, u.s likewise do three species of N ico­
t illna oOOen'oo by liS; also Sida ",'wmbifolio., ..4.butlUm 
Darwinii, and Chenopodium album, On the olher 
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hand, the cotyledons of some plants glC(!Jlllnd not th(' 
leaw!l!, ill! with the species of Belll, Bl'8S8ictl, GemniuID, 
Apium, Solnnunl, and Mi mbilis, IlIUIlOO ill our list, 
Still more striking is the filet that, in the SRme genus, 
the lCM'os of 8Cveml or of all the sj:lCCies may sleep, 
bllt the cotyledons of only some of them, lUI OCCUI'S 

with Tri folium, Lotus, Gossypimn, lUlU partially with 
Ox(\lis. Agnin, when both the cotyledons and tIle 
ICIlves of the Mille plant slcep, their movcmcnta may 
be of a widely dissimilar Ilature: thus with Cassia tho 
cotyledons risc vertically up at night, whilst their 
lea\'cs sink down and tWISt round so us to turn their 
lo"'er surfaces outwards. With seedlings of Ozali, 
Va1dit:iUllt~, having 2 or 3 well-devcloped leaves, it 
was a ouriou8 spectacle to behold at night eaoh leaflet 
folded inwards and hanging perpend icularly down­
wll.rds, whilst at the Slime time al1d on tlie Slime plant 
the cotyledons stood vertically upwllrds. 

'J'hesc scveral fncts, showing the independence of 
the nocturnal rno\'ements of the leaves and cotyledons 
on the SRmo plant, Il.ud on plants belonging to the 
BaIlIO genus, lead to the belief that the cotyledons have 
&eqnired their power of Illo\'cmen t fo r some special 
purpose, Other facts lead to tho IIfIIllO COllchlSion, 
such as the presence of pulvini, by the aid of which 
the nocturnal 1lI0\'cment is continued during some 
ll eeks. In Oxalis the cotyledons of 80me specics 
mo\'o vertically upwnrds, and of others verticully 
dowml'l\rds at night; but this grellt difl'ercm.'C witllin 
the Mine natuml gcuus is not 80 surprising as it 
mity at first appear, seeing that the coty ledons of all 
ihe specics are continually oscillating up and UOWII 

during the dity, 80 that a small cause might determine 
.. hether til(;y should rise or sink at night, Again, the 
peculiar nocturnal movement of the left-hand eoty-

© The Co mole Work of Charles Dar I lin 



316 1lI0DH'n;1) ClRCV1DWTATIOS. CHAP. VI. 

INion or Trifolillm strictum, in combination with t1\a~ 

of tho first truo loaf. Lastly, the wide distribution in 
the dicotyledollOus series of plants witll cotyledoJls 
which slcep. Ref\ceting 011 thOBO SC,'c.ml foots, our 
conclusion seems justified, that tho nyctitrollic move­
ments of cotyledons, by \\hich the blade is made to 
slaml either vertiCtllly or nlmosi vcrticslly upwards 
or dUWll\\llnls at night, hns been acquired, at least 
in most 1"1LS('8, for some spocitli purpose; nor can wo 
douht tlU\t this purpose is the protention of the upper 
surfnce of tho hltw.c, and perhaps of tho central bud 
or plumule, from ll\dintion at night. 
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ClIAP'rEH VII. 

Moml'll:l) CUUlCIISt;TATlOlf: NTI1I'ITIOI'IO OR I'lLtXP MonrllES" or 
Lu~ 

C:ollditiOft.~,rort'>eMmnvelrn!nI'l-Li'lorGel"l('marni Vamilil'l', 
whieh include ~l('oeping I"anl'l-Detetiptloll of the '1lO'·ernelllil in 
the 1111gel"".' O~ne,a--OuJ.i.: IflIlllec;, r..I<k>d .t ni)(hl-A'·erroo.: 
rspld D>OYeIIlent.o ~ the Icafl~liI-Porlieri..: koallet. d .. when 
pbn,Jrreptgerydry_Tm~UDI: leavOol do ,"" /illeepur,l_w.,1I 
iIIumin .. t..;d during doy-Lupiom! "''',OUI mOON of .leel';og­
&Idilocu.: .Ingul&r nlUvements of tel1nlual iea.t1d-'l'tifulilUll­
l>eilmodiwII: rudilOOlltary i.awl"Blleatklil, nlOgemellt..r of, not dl­
,·eloped ou young plBnto. 81ate of their "uh·h,I··c.. ... I.a: roonplH 
movelll~nU ,il the ic~lI ct3-u..uhinl.a: Ioov(:. folded Rt Ilight_ 
MimOM pndlea: oomp.",,,d~-.l movements of l()Oov~ etTc"Ct of dMk­
._lIllm ... Rlblda, ...,dn,-ed lce.llet. of-Sebrsnku.: ,Iown .... ttl 
movement of the pinJllB.-M ..... il~.: the ouly eryplogam known tu 
lleep---Coneluding ronarki lind lIurnmar'-~'yctjtr"pI41n eon/il;"h 
or modified elroumuutation, ~lated by the aikrnatio". or light 
andd.&rllu..-8I"peoffinrttrooleaveL 

WE now come to the nyctitropic or Bloop move­
menu of leaVe!!. It should be remembered thnt wc 
ronline thiB term to leaves which pluce their blnde!! 
at night either in a vertical position or lIot more tlulIl 
30" fwm the vertical,-tbat is, at ICiI.8t 60· above or 
bencath the horizon. In some few cuacs thi3 is 
effected by thc rotation of thu blade, tIle petiole not 
being ('ither raised or lowered to allY considerable 
ntent. 1'he limit of 30" from the vertic,1I iB ob\'ioltslv 
&11 arbitrary one, and has been selected for r('uSOt~ 
previously as8igned, namely, that when the bllwe 
allprooche!! the perpendicnlar as nearly Il.8 this, only 
half as mnch of the surface is exposed Ilt night to the 
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zeniih and to free radiation as whcn the blade is 
hori:t.Outul. XcvcrthclcSl!, ill a fe w instances, ICllYes 
which seem to be l>Tovcntcd by thei r structu re from 
moving to so grcat an cxtcnt as GO~ nlx)\'o or beneath 
the horizon, hl\\,o bcetl included alllongst sleeping 
plants. 

It should be premised that the nycl itropic mon~ ... 
mcnts of leaves are easily affected by the cond itions 
to whieh tho plants hal'O been subjectcd. If the ground 
is kept too dry, tho movements uro Illllch delayed 
or fuil: accordiug to Dusscn,· even if the air is 
vcry dry the ICI\\'CiI of lmpatiolls and :\Inlvi\ are 
rendered motionless. Carl KmllS has also lately 
insisted t on the greut influence \\ hich the quantity of 
\llltor absorbed ha.s 011 the llerio<iic mOI'emellts of 
IOIlI'CS; find ho I.Jcliow~lI thnt this CIIliSO chiefly deter­
mines tho I'llrill.\.!le lunoullt of sinkin g of the lcll.ves of 
Polygollum C07Ivolv14lu8 ILt night; and if so, their move­
ments are not in Ollr senso strictly nyctitropic. Plantii 
in ordcr to slecp must have been eX [lOsed to a proper 
temperature: Erythnna ~rista-galli, out of doors and 
nailed against 1\ \\"1111, 8CCmed in fui rly good health, 
but the leaflets did 1I0t sleep, whilst. th080 on IUlother 
plunt kept in a wnrm greenhouse were all l'ertiCfllly de­
pendent at night. In a kitchen-garden the leaflets of 
P}uueolu8 vU/!1ari, did not sleep during the early part 
of the su mmer, CII, Hoyer MyS,! referring 1 suppose 
to the IIl1.ti l·e plflllUi ill France, that they do not slecp 
IIhen the tcmllerature is below 50 C. or 4e.F. In 
the cose of 1!C\"crnl sleeping plants, viz., species of 

• ))a.ii8en •. Tij(] ilCh rifi W't . N~· 
tnrUjk.· G,""ll. en I'hy .. 1nl"l>;'·,' 
I~:!i. v, I. iv I'. lOt;. !:lee .. 1..0 
ell. Hoyerolllhciml'0rtAnceor . 
1)""Il< l.t..teuft!l~ne.:oflh" 
nib, HI ' A nLa!.. d"" ~ X .... 

not.' «(;Ih flerio.l, i..:. I SU~. I)' 815. 
t . !kit ......... 1\" Ked!.'; .... de. 

llew,gungUI: &<1.. ;11 • Flo,,' 
18,9,!!p. 42, 4~.Ui, &: 
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'fropaXllllffi, LllpillllS, Ipomooo, Ablltiloll, Siegesbookia, 
au(1 prooobly other geuenl, it is indispensable that 
the leaves should bo lI'ull illmniu!lwd during the <by 
ill order that they may il$Sume at nigh~ a vertical 
position; and it \I'M probably owing to this cause 
that seedlings of Chenopodium album and SiegetJwkia 
orientalia, n\iscd by US during the middle of the winter, 
though kept at a Ilrol'lcr tcmperatul'C. did not sk-ep. 
Lnstly, violent agitatiou by a strong \Iind, dnring 1\ 

fUll' minutes, of the leal'es of Maranla ar!wdillru:ea 
(which previOllsly lind not been disturbed in thc hot­
house), llrew!uted their sleeping during the two next 
nights. 

We will now givo our obsen-ations on sleeping 
plOllts, made iu the mlUlner described in tho Intro­
duction. 'I'he stem of the plallt 11M ohlllYs secured 
(when not stated to tho contrary) close to tho buso of 
tllo leaf, the movements of which were being observed, 
IiV 8S to prevent tho stom from cllcnllnuhlting. ..1s 
tho tracings were maJe on a vertical glass ill front of 
tho plll.nt, it was obviously impossible to trace its 
course 118 soon as tho loaf became in tho e,'ening 
greatly inclined either UpwilrdS or dO\\'nWflrds; it 
must therefore be understood that the broken lincs 
in the diagrams, which r(lpresent tho C\·cning fllld 

Ilocturnal courses, ought alwnys to be prvlonged to a 
mueh grel\ter distnncc, cither UpWllrdS or dOIII\\\ards, 
than npp<>ars in them, The conclusiolls which lIIily be 
tleduced from our obscTl'i\tiolls will be given near the 
end of 1his chaptcr. 

1n the following list all tl,e genera which includo 
ai('('ping plants Ilrc gil'en, liS fllr as known to us. 'I'he 
Mille arrangement is followed as in former cascs, ilnd 
tho Ilumber of tbo .Fami ly is appended. 'L'his list 
1)()iIS('8I;CS somo interest, as it shows that tho hnbit of 
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sleepi ng is common to some few pllUlts throughout 
the IIholo vllSCular series. '1'ho greater number of tho 
genom in tho list have been observed by ourselves 
with more or less care; bllt seventl are given on the 
'luthority of OtllCrs (whose names are appended ill the 
list), and about these we have nothing more to say. 
No doubt tho list is very imperfect. aud several genem 
might have boon added from the' Somnu8 Plantanun' 
by Lillnoolls; hut we could not judge, in some of his 
cases, whether tho blades occupied at night a nearly 
vertical position. Ho refers to some plants as sleeping, 
for instance. Lathyru8 odoratus and Viciafaha, in which 
we could observo no mOl'cment descrving to be called 
sleep, and as 110 ono can doubt the nccumcy of Linnrous, 
we are left ill doubt. 
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LWofG~ra(_U!lwd). 

CL\.S81. DIOOTYLEOQl'$ (_ti_1Itd). Sub .. cI ..... I. AlI'lIlo.I'I;1UI1 (COII/;a-n. 

Sut..cI .... I • .AXOlo.PERllS. I a........ J·uMi/y. 
G,,,.... Jl< ..... I!J... £::!:;.- (IJa_} ODR,nr;.~ (100). 

o..~brY~"i" e"'g,~m' .. ~,,~:") 1 r~~~kiA. ~~~=(8~;)' 

~?;"m :.:: ~;'t.:~ ~~~~~~:~" 
~~.--m.. j~:'~IJ1[j. I'o~~)~m (lIA-} I'olr'o ..... ' (179). 

~~~~l~q""~. AlllaraDtha.. [A(:~~th.t«'" 
J:.rtbrl..... Chuop<NIlam. O'tDopod ..... (181). 
A,.... !'Imeli. (1Iou~ht). Thy ... eWc (IllS). 
l'boeol".. Tr. X. Euphorbia. Lapborbiaee .. (t02) 
~i;';l.. Tr.X..IU. Phle~~nlh ... (pr.r-} n 
H~t(I~rlon. 

Gl~~I::~)~ (Dn-} 
Poi""ilua, 
c...ia. 
BaBhinia. 
Tlllllri"dnl. 
!dtUnl" .... 
I'twop~ 
'<pIun, •. 
Ximo<a. 
:Ich .... kl •• 
load .. 

Tr.'Xiv. 
1'r.X\'. 
Tr.XVI. 
Tr. xx. 

: T •. X·xtr. 
J.Ibiul.. " T,.XXIII. 
x.LaI'uCl(&ueh'l. j )lyrt_.(9~}. 

Saki ... II. G,{.lf1!OitI'ER.IllI. 
AbiH(Chatlu). 

CL.us II. MOXOCOTrLElJOXS. 
Th.li ... 
Manilla, 
Col_I .. 
SI~phiQm. 

AI'O;d~ ... (30). 
G,..ml",,,,(~). 

Cu.a 111. ACOHLEOOXS. 

Gilhago ~tum (Caryopbyllem).-Tbe Iil"8t IC4ves produe«1 
byyonng soodUnga, rise up and elO8El togetberat night. Qna 
rather older soodliog,two young leaves stood u.t noon at 55° 
Ibo'l'6 the IlOri1.on, and II.t night at 86°,80 eaoh had risen 31°. 
TbolUlglo,how6v6r, WIl8JCSII illsowoC&!l()8. Similarobeervations 
were occasionaUy made on YOllug leavee (for the older onee moved 
Ym'J' little) produced by nearly (nll·grown plants. Hatalin 
.YB ('Flora: Oct. lat, 1873, P. (37) that tho young 1ea'l'08 of 
IlteHllria CI08El up 80 complotely at night that thoy (orm togeiher 
greatbud/l. 

I!ilda (Mah-~II)).-Tbe nyctitropie movement, of the leaves 
ill ihi.s senna ar(l remarkable in 80me J'(lIjpccta. Hatalin iuCorDlll 

y 
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lUI (EI(l6 also 'Flora,' Oct. lat, 1878, p. 487) that those of 

H,.\26. S. O/(lfl(N rail !It night, but 
to what augle he CAnnot 
remember. The lcayOil of 
S.'fIlombl/ol~andN!jlU(l,Ou 
the other hand, rise up 
yertically, and are pressed. 
againstthelwm. We11M'o 
therefore here within the 
/i&Ille genus, directly op­
poeite movement>!. Agoin, 
the IC~UC8 of S. rhomb,/of«. 
are furnished with a l)u1· 
TilllUl, fonned or a mass of 
small ~11s destitute of ohio­
roph)'ll, and with their 
longer a:lCll perpendicular 
to the asis of tile petiole. 
All tooMured nlong tbis 
lattor line, thC8C oolls lire 
only 'l th of tho length of 
those of the petiole,Lut 
iIllJI('Q(} of being abruptly 
IICparalcd from tbem(asiB 

, d. lUIoal with the pu]vinus in 
T U -- U ID08t ))Iaola), Ihey graduate 

~ 
intotholargereelillorthe 
petiole. On tile other haud, 
8. flllJl(M,fI.COOrding to IIa· 
talin,doea not ]JOI!IIOlSB 

I 
puh'illUS, and be infOrl1lli 
liS that a gradation mayb(o 

4".J1-1I'!' -r tra.eedin the I!Cveralsl)Il('ies 
&da rltoa/Ji/rJiq,: dmamaolatioa and of the genua between UJeII(' 

IIJc:titropiC (or lleep) mo .. ~m..au or t",,·o stales of the petiole. 

:~i~: ~~~~:!~1~1:~~ ~~~r2 !~~he;=!K~~y,~;:':~~ 
teoKthjm01'emelltlnlffiJu!>du".ky- we haye eeell 110 other in­
light. ~P" of leof iii tllche- {rom stanoo with lca"es that 
~~:'I~;~~~I~~ 00 dLo.,ram IIOt sleep: for thOl!C on v~11 

young )lian!J!, though th~y 
ri.6c 80Dlewhai iD the oveDill/;,do Dot bOO to aleep, lUI we ob6cned 
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OIl I18vc.ral oocaaions; whilst thOl!e on mtherolderplantallle.:11 
in a conspicuOlls 1I\11l1ner, For illsta~, n leaf ("85 of 1m inch 
in length) on a "ery yOllllg eeedlinl{ 2 ineh('l hi~h,8tood at noon 
9' aboTe the hOri7.o11,lIlId !!.t 10 P.)I, lit 28°, 80 it had risen only 
19'; another lenf (1'4 inch in length) 011 a l18edling of Ille 
Ilnme hei!;ht, stood at the Sflme h'o periodll at 7° lind 82", lind 
t herefol'(l hnd risen 25°, These leaves, which moved 80 little, 
had II fairly well-de,'cloped Plllvilllll:l. After 1111 illlen'III of !lOme 
lrecks, when the 6Il1lle 8lle<llinl)!:l wore 21auJ 3 inches ill height, 
!lOme of tl:e young l('Aveslltood Ul) nt ni!l;ht qllite "erticaily, IWd 

otheJ'll were hi!l;hly inclined; and 80 it wus with bushCII whi('h 
.'ere flllly grown 8.nd "'ere flowering, 

The mOYement of 8. l(lflf was IfIICC(l from 9.15 .1.)1, 011 

May 281h to 8.80 .1 .)1. on the 30th. Tbe lel]\IJemture Il"lIII lot> 
low (15~-16° Co), and the iIIuminlltion hardly sufficient; 00"" 

l!equently thc 1C\Ln.lIIdid 1I0t i:«ome quite 80 highly inclin('(t!!.1 
night, as they had dOllo previously and M they did 8ulwoe­
quelltly ill the hot-house: but the llIo,'emeuta did not a]Jpea.r 
otherwill6 disturbed. 011 the fin;t day the lellf sank lill 
5.15 P.)I.; it then r()Il6 l'IIpidly and grrotly till 10.0 P.lI., and 
only a littlo higher during the rest of the lIill;ht (Fig, 126), 
Early 011 tho lIext d~y (2<Jth) it fell in a slightly 7.i,,7.ag line 
rapidly until 9 ,t.,)I"bY"l\'hieh time it hM l'('lIched nenrly Ihe 
-.me place as 011 thtt )revious lllornin~. During tJlO remainder 
of the day it fell 8101ll'1y, aud zj¥~g('(lllIIerally. 'l"ho on:ning 
rille lx¥an after 4 P.)I, ill tJle same Il1IInner aa before,and 011 
the IIeOODd morning it again fell rapidly. The a8l'eDdillg a))(l 
~1ld.i\\glin61 dollotooiDcide,aalDaybftll6eninthedillgrllll. 
On the 30th a lIew tnu:ing WIUI mllde (not here given) on a 
rather enlarged lJeale, lUI the spc::r of the It'lIf now stood 9 ine'­
from Ihovertical gll1.811. In order toobscM""e more carefully the 
awfSll IlUl'9uod at the time when thediuMlsl filII c1langCII iutu 
the nocturnal r iee, dotl! were rru&de overy hllif-hour betw('Cu 
I P.III. IIlld 10,30 1'.)1, This renderod the lale.,d 7.i!l;zal-"ging 
movement during tho evening more cOllspi('nous tlilln in th!.' 
diagram ~h'el\, bllt it WIUI of the same nalure lUI there shown. 
The illll'retlIl.ion forced on our minda WIUI that tho lcaf waa 
upeDdill1; supertluolIlI mo'f!mcnt, I!O that tho bTOOt nocturnal 
rile migilt not occur at too early an hOllr, 

A""lo1fJft Dane'ni' {)[ah'III:'lI'a'l),-'fhe IC!l.Y61 ou 80me "ery' 
JOOng plllllu atood almOlit hOrizontally during the day, and 
kung dO\ll'u ;ertically .t nigbt. Vcry fino plants kept iu It 

\' i 
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huge hall, lighted only from tho roof, did not slcop at ni~ht, 
for in oroer to do so the le!we:s must be well iIluminllted during 
tho day. The cotyledons do not sloop. Linmens "")'8 that tho 
leavCt! of his Sid<. abutilon sink perpendicuhl.rly down at llighl, 
though the petioJ08 rise. Prof. Pfeffer informs U8 that the 
leaves of a Malva, allied to ltI.lyll1<'ltril,riso greatly at nigllt; 
and this genUll, 11.8 we!! as that of IIibisollll, afC included by 
Linnreusin his Jist of slooping phmt!! . 

.Anoda Wrightii (Malvaoem).-l'he leaves, produced 1,y very 
~'ollng plant!!, when grown to a modefll.te size, sink at night 
either almost vertically down or to an angle of about "fic beneath 
the horizon; for therc is aconsidernble degree of vQ.riQ.bility in 
the amount of sinking at night, which depenWi in part on the 
degree to whieh they have been illnminated during the d1I.y. 
But the 1(lll,'I'cs, whilst quite young, do not sink down at night, 
and this is a Yery unusual circumstance. The summit of the 
petiole, whero it joins tho hla.do, is devoloped into a pulvinus, 
and this is present in very young lea"es which do not sloo]); 
though it is not 60 we!! defined as in older lea"es, 

G'",ypium (var. Nankin cotton, Malvaoere).-Some yOllng 
leaHlI'!, between 1 and 2 inches in length, oorne by two soodling8 
6 and H inches in height, stood horizontally, or were raised '" 
little above the horizon at lloon on JlIly !jth and 9th; but by 
10 P.M. they had Bunk down to between 68c nnd 90" beneath 
the horizon. When tho same plants had grown to double 
the aboye height, their leaves stood at night almoot or quil~ 
vertically dependent. The ICtLves 01\ some large plnnts of 
G. maritimllm and lJr<llilense, which wefC kept in a very wily 
lighted hot-honse, only occasionally sank much downwnro. 
atnight,and harolyenough to be Cll.llcd sleep. 

O",alil (Oxnlidm).-ln mOllt of the spooies in thislnrge genu. 
Ihe lhroe leatlets sink vertically down at night; but as their 
~ub-pctiolesareshort tho bla.desoould not assume this pOIIilion 
from the want of space, unlCSB they wefC in some mnnner ren­
dered narrower; and this is effeeted by their boooming more 
or less folded tFig. 121). The angle formed by the two h!.tvell 
of the SlIme lenDet was found to vary in different indh'idual. of 
!!Cvernl species between 92" lind 100"; in throe of the best 
folded lenflets of O. frayron, it was 76", 74", and 54.0. Tho 
angle iR often different in tho throe leaDets of the same leaf. 
All the leaDels liiuk down nt night and become folded, their 
Jower surfaces are brought Ilcar togethcr tsee B), or cyen into 
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etOIle oonhdj and rrom thill einmmBtanoo it miglit be thought 
that the object or the folding wall tile protection or their 101\"er 
Burf&C611. If thia had l.Jeeu the ease. it would ha~·e (Onntl(\ 
IIstrouglymnrkedeJ:~ptionto tho rlllc, t hRt whon there ls any 
diiferenoo in the degree or protection from radiation of the two 
IIUrf&cea of the loonlll. it ia ahnYI the uPIJer aurface which ill 
the be8t protected But that the roldiug or the iea.Deta, and 
conaequeut mutual approximation of their lower aurf,t.t>f!a, 
!ierl'CS merely to allow them to sink down vertiCIIlly. m.y be 

Fi,.127. 

A. 
O.M/i,.....t-u..: A. luf _n fr<>m ,.utiull,. ."",..; n, diagram or ltar 

... I ... p, alto _n from urtiet.Uy dlO~t. 

inferred from the fact that WIHlD the looliclA do not mdia.le 
from the summit or a common petiole. or. ",,'II.in, when there is 
plenlyoC room,from lIle IIUb-petioieenot beinlf~·ery ailort, the 
leaflet!! /link down without becoming folded. This OCCUfII with 
the leaOeta of o. «"6.·/iOO. Plu ..... er .. j. lind bu.p/e"rij"""a. 

There ia no UIIC in ,i ... ing .. long iiat of tile many /lpeeiCII 
.. hiclt ~ieep in the Ilhove rlCllCrihed mlUlner. This holds ~ 
.. ith ~peei08 ha-'jug n.iher flCllhy loaves, like thOlJOof O.>"(lrlUj/tI'. 

or lal).,~ loaves like IhOl'W'l of O. Ort-get<ii. or four leaflctlt like 
thole of O. 1IGriabj/j,. There are, however, aome species which 
.bow no signs of sleep. viz.. O. lle"f,'pl/yffa. '"fI,. ... pJiylla.llirl". 
and ruWla. 'Ye wi11now describe the na.turo of the movemen18 
iu IIOme of the IIpociCli. 

Oz,,/i. lIul_lla.-Tho movement of a leaflet. together with 
lbat of the m.in petiule. are shown in tbe following {lill.. 
~m (Fig. 128). traood bet ..... een 11 .4..x. on October 4th and 
7.15.4..1(. on theSth. Aller 5.301'.)1. on tho 4th tlleirofletlllmk 
n.pidly. and at 7 P.X. dejX!nded vertically. }'or !;Orne time 
l .. fore it _umed this latter p6f!ition, ita movements COUld. of 
('<IUI'IIe. no longer be traood on the vertical glll.Sll, lIud Ihe 
lorokeu line ill the diagram ought to 00 extended much further 
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, 
i 

down in this and all other 
CflSC8. By 6.45 .1..:11. on the 
follo\\·ing moming it lmd 
riS()n oonsiderably, and oon­
tinued to rise for the next 
hour; but, judging from 
oth~r ollliCr ... ations, it would 
&.J01l hayebegunrofsl!ogain. 
Bctweo,n 11.1..11. lind 5.30 P.M. 
thelmlletll\oyedatlea;;ttQur 
tiules up and four timcs 
down before the groot noc­
turnal fall colllmcilced; It 
reached its highClit point at 
110011. Similarobscrvations 
were moo!) on two other 
Icaflcts,withnCflrlythC6a!llC 
resultJI. Sachs and ]>fdfcr 
lul'·c alllOdcscrilJe<1 briefly· 
the autonomous IDv\"CIllCllt.8 
of the lelwes of this plant. 

011 IUlother occasioll the 
retioloof a lCllfwllSllolCurod 
toa little sliek close beneath 
tho leaflets, and a filamen t 
tipped with Il bead of sealing· 
WIl..'{W/llj afliIcd to the mid· 
rib of onc of them. ond a 
lllnrkwPSI»);wx.:icloscbellind. 
At 7 ".lI. , whell thc!cpflclA 
wcreaslocp,thoftlamcntde­
pended ycrticallydowu, Bud 
thclIlo\"ement!<of the bead 
wel"C then tmcOO till lOAO 

: a ..... """ .... II"" P.M., lUI shown in tile fol· 

f)-:~~Ii~r:l:~~,.~:~:~II:?~O~ ... ~i~ ~~~i~,~l"Cdi:;;;.rat~a t(~~~!·l!~~ 
(ull-growil I ... f, ".itb fiinmellt RI· moved a litl!efrom side to 

lEi~~. tl~;'~ ~~d;'~~t~t;~.~fd~:~ :~~'d:\.I~e~.\li~:t :S~~~~ up 

- S"ei>a in '.'1" ... : 1 ~G3,I). ~70, &e.; Pfeffer, 'Die Period. De_ 
gung\:II;&e., J 87j'I'·~· 
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O:rflli. YflIdiviallfl.-The loo.l"(l!! ~mWe thoee of the last 
speciOl, And the movements of two le&1Icts (tho main petiOI08 of 
both having been lleCured) "Wcre 
lraced dllring 1oro daya; but tho 
trseinWJ IU"O not given, lUI Ihoy 
resembloothotorO.a~t<.lttlla,with 
the exooption thot Iho up and 
downOllCi!1ntion8werenot&Of~ 

FI,.lZ9. 

qnont during tho OOy, And thoro O~/" flOIl_lIfl: cl.eaRlmuta. 
~'1111 more laternl movement &0 that lioa or lullet ."tII a.l .. p ; 
hroader ellil)fQ ~'cre d~ribOO.. ~~::!: $ ~~ 40 ... ~~tlcal gl .... 
Tho leal'OIII awoko early in tho morn. 
iug, for by G.45 .Uf. 011 Jnno 12th And 13th thoy had not only 
risen to their full height, but had already begun to fall, thAt iB, 
Ihey","ere eiroumllutating. We hal'o /I00I) in the llollt chapter 
that the col.)"ledo11ll, instead of sinking, rise ull vertically at 
night. 

Ozali. Ortt9fllii.-Tho la~ leav08 of this plant Illeep like 
thOllCofthepreviou81lpocios. Tho maiu petiole. are long,lmd 
that of II. young loof toI;O 2(p between noon aud 10 P.II., whilst 
the petioloof An older leaf rose ouly 13~. Owing to this rising 
of the petiol08, alld tho "ertical sinking of tho largo leaflets, 
the lea'·08 bcoome crowdod together at night, ami the ",-hole 
pl,"t then OXIIO&08 A much smal'or Hurfuoo to mdilltioll than 
dllrillg thollay. 

();tnlill'lu.ni#-ii.-l n this species the tiu'OO 1000fletsdo not 
aurrQulld the IUlnmit of the petiole, but the tennillll.l leal1et 
I'rojectain tho line or tho petiolo,withalAtcrailcafletoneach 
side. They All sleep by bending vertically downwards, but 
do Dot becomo It all folded. Tho petiole is Blher long, Rnd, 
0110 having been IIOOUred to R stick, the movemClltof the tenninal 
leaflet II"M tmeed during 4-5 h. on a vertical glMl!. It moved 
in a very simplo mrumer, sinking rapid!.)" lIf'l.ef /) P .X., nml 
riging mpi<ily oorlYlleIt morning. During thollliddlooftheOOy 
it movod810"Wly and Alittlo laternUy. CI)Il8e(IUenlJ.)" tho &!lOOud. 
iDg ami dOllOendiug line\! did not coincido, lind a ijingle great 
elliJlllll "'1\.11 fOfIlled each day_ There WI\B no othor evidellco of 
ci reumnutatiou, And this fact is of iuterest , DII wo shan bere­""",-

/.h;rJIiI .1Ia"ti ...... _The leaflets, lUI in Ihe hwt ~llOci08. bend 
~rtically down at night, without becoming folded. l'ho much 
ell)llgalooma.in petiolorise8oon.siderahlyill theovouwg, bllt ill 

© Tho Co mol t Work of Charles Darw n nli 



32P MODn'lIm ClRCUYNU'l'ATIO:sr. CHAP. vn. 

~01l10 very yonng plants the riw did not eommenoo until late 
at night. We na\'el!een that the eotyledOlUl,instcad or sink. 
ing like lho leaflets, risc up vertically at niglit. 

Fig. 130. 
Oxali, bupleurifolia.-Thi.s speciCl! 

iArenderedremarkablobythepetiolCll 
Leing foliaceous, like the phyllodOB 
of mauy Acacias. The leaflets arc 
~lDall, of 8 paler green and more 
tonder eonsistenoothanthefolia· 
I)(lOns petiolCII. 'fho JOBfiet which WI\II 

obeenedwas 'S5 inch in lcngtll,and 
WII3 borne by a petiole 2 inches long 
[lDd '3 inchOB brolld. It may be 
suspecled that tho leaflots are on the 
road to abortion or obliteration, all 
!Jas actuallyoccurn:dwith thOile of 
another Brnzilinn species, O. ru~i· 
/ormil . NovorthelCSli, ill the prellCnt 
species tIle nyclitropic movements 
are perfeetlYl:wilrfonned. 'fhe folia· 
eoous petiole WII3 first ohaerved 
during 48 h., and found to be in 
oontinuoo. circumnutation, IllI shown 
in Ihe 1ICOO1Ilprulying figure (}'ig. 
180). It rose during the day and 
rorly part of the night, alld fell 

OIali. bupkurif"'~: d",um- during the remainder of tho night 

::~~:;:;~0I~;~~~~iO~ ~1I!t~~ lI~r:~~~le,~:\ot~ :~: 
monm.nU trll«t\ <>n v~" sleep. 1'he f].8C(lnding and descend-

!f:~ g~~l~~i !~~:X;1~~: ~I;l~~:~i~o:!::~dl~ t~~ea~ 
fromthtgl .... ,lI<)monmtn~ Willi bnt little 7.igzaggiug; if the 
1I0i muoh mAgnlfi<!d. ]'I.ni filament hoo been fixed longitudi-
~~,:(h .. ~~!~\~~~;~~";i~ ually, we should probably haye seen 
~4'oC. that there was more lateml move­

mentthanappeo.r&inthediagrnm. 
A tenninlill lcu.f1et 011 another leaf was Ilext observed (the 

petiole being secured), and its movement8 are sho'\\'n in 
Fig. 131. During the day the leaflets arc extended horizon· 
tally, and at night depend "ertically; and as the petiole ri~ 
duriug the day tho leaHolll hM'e to bend down in the evening 
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rnoretllaD 90",10 &8 to asrmmoatllight thcirY<'rtical po6ition. 
On the fint day the leaOet simply mo'·oo up and dO"1l j on the 
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~nd <lay it plainly cirenmnutatcd beb·(.ICn 8 01..)(. and 4.80 P.lf., 

.fierwhieh hourUJ(lgreato'·eningfal] oolumeneOO. 
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AwrrTtoo bilimbi (Oxalidlll).-It haa long boon knOWll:fiMly, 
that tho loofiuts in t his gellllll sloop ; 8OOOndly,that theymovo 
~ llO lI llltloously d uring the day; and tbird ly, that tiley are 6Cnsi­
live to II touch; but in none of thQllO rotlllOOW do they di ffer 
Cl:ioIlOlilially from the ~llOOie6 of O:s:a1is.. They differ, however, II.!! 

ll r. It L Lynch t has IlIloly ahoTo'n, in their spontaneous move-­
I1Wl118 beiug strongly m~rked. III the case of _'I. bi/.mbi, it ia a 
,,"Ilndcrful spwtacle to hehold on .. warm Bunny day the leaflebs 
one .fter the other sinking rapidly dOTo'n.·ards, ami again 
lI~uding slowly. Their mOl'ements rival thOf!e of Dumoditu .. 
!J!JNIII'. At night the lonflcte hang vertically dOll'll; and llOW 

I'lg.I:12. 

tl,ey are motionlCilll, hut this may be due to the oppnrlile onC!! 
heing 11TC88ed to~ther (Fig, 132), The main J>oHele ill in oon­
IItatit movcment dnrittg tlto day, hutnocnrcfulobfKlrmtionB werc 
made on it. Tlte follo"ll' i1lg diagrams arc graphic rcprcscnta­
tionsor thevarialionll in the angle, witicit a given leaflet makefl 
wilh the ,'ertien!. The Obl;crvstiOIlll wero made I\IJ fol1ollo·M. 
The plllnt gmwing in a IlOt was kept in a hil::h temperature, 
the )letiole of the leaf to he observed pointing "raight at 
lhe ob8erver, being lJC(larated from him by a vertical pane of 
gllIoSII. Tile petiole Wl\I 8IlCured 100 that the '-I joint, or pnl­
"irms, ofono of the Ia.wrol leRfleUi was at tho oontro of IIoSradu­
alednrc plaood clollO behind the leaflet. A fino gl&l!6 filament 
Wtlll fixoo to tho leaf,1O l\I to prQjcct like a conlltlltRtion oflho 

• Dr. BtuOX', 'l'ltil(l8/lJlhieal Tn" •. : 1",8", 1', 8~6. 
t ·JOIIm"'Linu.&oe.,'\"(Il.xvi.llri7,p.t:n. 
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midrib. Tide filament acted as an indcs:; and M the leaf rose 
and Cell, rotating about ita basal joint, iLl allgUlar mOTement 

Fig. I $:.!. 

A ... ,.,."",IIOI" •• to" IID,ulll' mov~",euta 01 II L...ueldurlllJ ;l.Onellillg 
d_u,wbollg<HDgloaLMp. Temp. 78"_flloy. 

oouldbereoordedb,.~ngoll'atehortinten-aleoflimethe 
pc.idon of the gllt.S8 filament on the graduated uc. In order 
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to Moid enon of pQ.rall/lJ.:, all readinga were mndo by looking 
through a small ring palntell on tho "erlkal iliAA/!, in a Iiuo 
with the joint of tho Icutlet and the C(!ntro of the ~rlidnnted arc. 
In the following dilit;m1U1I the ordinate~ rcprCl!Cnt the anglCII 
which the lcaf\et mooo with tho Yertical at 8ucCCSllivein8tanta­
It foll01ll'sihata fall in thoenrve rcpref!entanll aclualdropping 
or the leaf, and that the u.>fO lille represents II "ertieallyde­
pendent position. Fig. 183 represents the DIlIlIl6 of the move­
menta whichoocur in tho ovcning, as 800n as the lcatleta bef,:in 
to lLII8umo their noclllmal poaition. :\t 4.,55 P)t. the le1t1et 
formedllu8ngloof&"\\'ilh Ihe\'ertical,orwl\.8only5"belo1ll' 
thohori1.ontal; but in order that tho diagram might f!:Ct into 
our page, tho leaflet is repre>!Cnte<i falling from 75° instead 
of 85". Shortly after G I ' .•• it huug vertically down. aud had 
attained ita nooturnal pClllition. fietween 6.10 and 6.85 P, •. it 
performed a number of minute OIICilIlliionJl of about :?O eaeil, 
occupying periodll of 4 or /) m. The oomillete state of roet of 
the leaflet which ultimately followed ill lIot ,h01ll'n in the dia­
gram, UiBmallifClltthatcachoscillalionoon8illi.8ofagrndDllI 
riee, followed bya sudden fall. Each timo tho leaflet fell, it 
>1.) prooched nearer to tho nocturnal ,Xlaition than it did on tho 
previous fal1. Tho amplitudc of tl,c OIlCillations diminished, 
while the ""rioos ot oecillation became shorter. 

In bright suu~hiuo tile loof\ci.8 asrrume a highly inclined de­
pendent l)(Jf;.ition. A Icdcl in dilfWlCd light was oblierved rilling 
for 2,) m. A !.lind 1I'U then pulled up 80 that the plant 11'111 

brightly iIluminnled (DR in Fig. 13-1), am) within a minnte it 
began tQ {,Ill, and ultimstely fe1l47 g

, S8 shown in the diagram. 
This dcsccut was perfomled by six dcsccudinp; s lep8, precisely 
aimilnr to thOllO by ",Mch the nochlrlJIII fl1ll i~ cJfecte<l Tile 
1)lnnt"'BSthen II.gRiuIIhmled(S II ),ll.lIda 1011P;slo'l\'rise occlUrr('<'1 
until another IlCrics of t!llls commenced at DR', 'I\'hcll the Bnn 
waa lI{!II.iu IIdmilled. In this nperimCllt coollJ,ir 'I\'1l!I allowed 
10 enter hy the 1II;nd01ll'S being opened at tho same time that 
the blinds were Plll1ed Up,80 that in spite of the Sull llhining 
on Ihepmnl thetem l~roture1ll'll!Inotrail'('(l. 

Theelfect of lin illC!rm!ie of temperature in ()ilfll!OO. light is 

- In.all thll'lillp1lml I mm.ln mellt. tn ~'ill" l:'In al)'\ 1St th~ 
th(lI"'rlzont.oldi""'tIOD~f'_nL! tcmll"ralureilrepreol<lnted(_],",,II: 
Me minule of time. ~:"ch mm, IIOe ordinalc.) in the .... I" "r I 
In II<" ,·eni .. l di,...,<:lioo repre- ,11m. 1.0 each O·I"C. (" ~·ig. 
lenL! one deg«'l::ofangumr mD'... I~ eo.eh wm,IlI[UflI. 0'2" K 
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shown in Fig. IBJ. The tcmpcrature begu.n 10 risc at It.8·:; 
,I..M. (in OOru;&JILCnce oC the fire being lighted), but by 12.42 a 
m!l.rkeli Call had ooenrred. It lIlay be -.n in the diagram that 
when tho U!mporature "'lUI highelilt thore were rapid OIiCiIlalion!! 

~'jJ:: . I:H. 

Ar/'rl'M.. biii .. 6,.: ... gular mQun,enl>l .. r l, .. dn dUring''' ch""gt from 
brlKht illumination to .hadt; t.mp ..... tu.o(broh" lin,) 'NMlu;ug 
., •• lrth'Mmt. 

of ~man runplitude, tho mcnn poeition oC the leaflet beillg at the 
tililenoo.rerthoyerticai. Whcn the temllcrnturobcgnn to Call , 
the OICi1lations became slower and larger, and the mean poeitiolt 
of the leaf again II.pprooched the hon1.ontul. The raro of OIiCil­
latiol) Wtlll eotnotimelil quicker tlllm ill rcpresenlOO in tho n!Jo\'o 
lliagmm. Thus, when the temperature was betweeu 81° and 
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32'0.,]4 OIICillation8 of II fewdegroel occun-od ill 19m. On 
the other h'llld, an (J!ICilIatiOIl may be much 8Io1l'cr; thla aleaHet 
"'1111 obeer,·OO (telllPCl"llture 2-)0 C.) 10 
rise during 40 In. before it fell 811d .-i,.I36. 
oomplcledit8a..cill"tion. 

Porlkrill "!I'JI'P""lrinJ (Zygophyllc18). 
- The IClH'e8 of thi8 plant (Chili~!I 
fonn)nrefrom J loli inchosinlollgth, 
IIlId hearM llIuuy 1\816 or 17 8mull 
100flel8 011 each side, which do not 
81"mio))poailoonollllother. TheYllre 
IIrticu\aloo 10 the petiole. And the 
JX'tiole 10 tho bl"llilch by 110 pulvinull. 
We mUllt premiselhllt apparently two 
form. are confoUndoo undcr Ihe Mme 
nalnO: tholea.-ceonabu.shfromChili, 
which W~ !'Cut to us from Xcw, bore 
InIIIlY I!'flHel.8, whilst those on plants 
in tho UouUlie Gllrden at Wiinbnrg 
boreonty8 or 9 I)Ri", , lind thowllole 
Chllrlleterof tho bUllhcsl"lppcllrodllOmo-
whl"ltdi/fcrent. Wcshnlllllso800thllt I 

they differ ill a remarkable phyaio- \ • t 
logical llOCuliarity. 011 the Chiliall : i 
plantthepetiol08orlhe)'oUll~rJca,'es .: 
on uprighibl"llllChce,BtoodhOri7.0lIfally I 

~~~~~C~::'I~~!';':I~~!I:~~h~::~~ \./ / 
andclOlle to the bl"llnch beneath. The 

=:::~ :~h:: :~~~::'~~l"':el~!:::t: / 
lout only highly inclined. III one .1 
iUMtanco wc found a brunch which had l'oiiff~' "~:J~t~ica: dr. 

grown IlCr]lendicularly downwards, ~;,:~~~u':.:~~~111:~;~ o~.Y~~ 
andthc llCtiolj'sonitmovodillthesame tloJ~ of 1",,(, t .. ced f~nl 
direction roll"ltivcly to Iho branch lUI II.gS A.II. July 71h In 

~~~~tat~:; al:~~!~:;:~o~::c~~ ~re ~Ehu~ ~l~:i:i:~ ;~i!~ 
rouuger Ileliolealili:ell'i80 mOl"eat night 'I ..... Temt~ 1('1lo_ZO,0t:. 
in the M.me diroction lUI beforc, that ill, 
low:ardil the branch, and are oon8C!]ucn\ly thenellouded hori. 
z.vntally, but it is rcmnkable that the old('r jJetiolOll on the 
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Mme branch, though moving II. little in the Mme direction, lliso 
bend dowu'lllmW!; thoy thus occupy a 8Ome ... ·hat different JlO6i­
tion,rclativc\y to tho oeutreef tho eo.rth IIondtothebrnnch, fwm 
thllotefthepetioleeon the nprightbranclwlI. WithfC8pectto 
the leo.fiotll, they movo at night to .... ardll tho apex of the petiole 
until their midribs lIuuld noorly pal'llllel to it i and they then 
lie neellyimbricaloooneoTerlheother. Thushllfofthoupper 
811rfaooof eachlea.Het is in ciOll6 contact with hall or the lower 
surface of Ihe one next in adl"lIlO(l; and all the lee.f\cts,exoept­
ing the bual onCl!, haTe Iho whola of their upper surflUX'!! and 
hi\lfof their lower lIurfaces .... ell protected. Th06Con theoppo­
~itc lIidee of tho aaillO llCtiolo do not como into c10110 contll(!t 
at night, lUI OOOUnI with tho looAots of 80 mUIlY J .. oguminOAAl, 
bllt lire separated by an open furrow i nor could thoyexactly 
coincidf',lsthey IItandaitcnlawly with respect to one another. 

'rhe eircumnutation of the petiole of a led f of an inch in 
length, on an upright branch, W&II observed during il6 h., 
and is shown in the prooeding diagram (Fig. 136). Oil the 
first morning, the leaf fell a little and thel) toIlO until 1 P.ll., 

alld this .... 1UI prooobly due to its being now iltumin1lled through 
a skylight from abovo; it then cif{)lImllutaled on averylITlUlll 
SCAle round tho aamo spot until about 4, P.lII., whcn the great 
e\'cning faU commenced. During the latter )lftrt of Ule night or 
very early on the nClt morning the leaf fOIt6 again. On tho 
IiOOOml day it foil during tbe morning till 1 P.X., and this no 
doubt is its normal habh. From 1 to 4 P.lII. it fOIt6 ill a zigzag 
line, an(\lIOOn anorwarda the great e\'ening rail commenced. It 
thll' completoo a doublfl OIlC.ilIation tlurinp; the 2l h. 

The IIpooific Ilamo given to this plant by Huiz 1lI1(\ Payon, indio 
001011 that in iUi Ilativo arid hOUlO it is affected in BOmOIDIlllner 
by tho drynCl>ll or dampllC!!lJ of the alm08phcre." In the Botanic 
Gardon at Wiirzbur@" there "'1\11 a plant in a pot out of doonl 
which WM daily watered, alld another in the (1)011 ground whieh 
... ·as neyer watered. A/l.cl' IIOffie hot and dry weather there ... 
A ,,"TCRt dilfo:rence in the slate of the leaHet. on th686 twoplant.s; 
thoee on the unwatered plant in the open ground remaining half, 
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or even quitc, eloeed during the day. Dut twigs cut from twa 
"lI8b, with theirends8tanding in "''aiel,or whollyhnmeraed in 
it, or kept in damp air under Ii beU-glaliB, opened their lea\'CI! 
though CXllOllOO to a blazing lIun; wiliiat thOll(l on the plant 
ill thegrouud teluainedclO6ed, Thole/lY8ll011 thi8 &ame plant, 
after fl()me hell"y nUn, remaiued open for tv.·o days; they then 
iJec8.me half clOllC(i duriog two days. p.ud after p.n additioIUl.l 
day were quite el()!;(M1. This plant WOJI now oopious!y wp.lel'ed, 
and on the following Illorning tho looflctl> were fully eJ(­
po.uded, The other plant growing in a pot, after having l'Cen 
exposed to hoavy raiu, WOJl plaoed before a window ill the Laloo­
ntory, wilh its leaflets open, and they remained 80 durinf:( tho 
daytime for <&8 h.; but after au additional day were half closed. 
The Ilb .. ut ",'OJI then watered, and the leafteUl ou the two following 
days remained open. On the third day they were again half 
dOlled, but on being again watered remaiued ollen during the 
t'l'O uext day&. From th_ I!Cveral facta we may conclude that 
Ihe 1)[p.utlOOu foelll the want of watCJ'; and that lUI fIOQllllllthi,. 
oceUnl, it partially or quite cloees its leaflets, which ill their 
thenimbticatedeondition ell:J)OIioeasmall.urfaootoevaporntion. 
It iB therefore probable that this aloop-like movement, which 
oceul"IIouly when thogrolllld is dry,i8 an Q.(laptatioll against 
UlelQlj/jofmoisturu. 

AbUllh aoout 4. foot in height,a native of Chili,which 'I'."a,S 
thickly ooyerod with leaVer!, beha\'oo \·cry ditr"nmtly, for durir:g 
100 day it never cloeed iUl leaHet& On Juty 6th the earth ill 
the ~mall po~ in ""hich it grew appeared extremely dry, and 
il 1I"U given A ,·ery lillio wp.wr, Afkr:!l and 22 ([p.YII (on 
the Zith iUld 28th), during the whole of whieh lime the 1.1om! 
diJ not roceiye .. drop of water, the lea\'e. began to droop, but 
tht-y sbowed no aign8 of closing duriug the day. It appeared 
allliOst incredible tbnt any 1)lallt, except a fle.hy one, oould 
have kept alive in lIOil 110 dry, which l'(lI;eJubk\1 tho dUBt Oil 

a. rood. On the 29th, when the bush Willi ahakou,80lDe loo\'&; 
fell off, and the remnillillg Olles weM ulUl.ble to slocp lit lIight. 
h ""&8 thorofare moderately wa.tered, ae wella.a syringed, Ia.te ill 
thee\'ening. On tho lIutlDorning (30th) the bush looked a.a fresh 
IIliI e'·er, and at nigilt the leavCiI went w 81001'. It may be added 
thllt a small branch while growing on lhe bllllh ,.,·u ellclo.ed, 
h1 mct.na of a curtain of bladder, during 18 days in a large 
bottle half full of quicklime, 80Ibat the air within mUlt ha,·e been 
iOWueell dry; yet the lea\'cs on this branch did not ~utror i n thll 
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lfN!t, and did notcioae at all during the hottest day&. Anothcr 
trial ~'M made with the lI&IIle bUllh on August 2nd and 6th (tha80iJ 
appearing at thi!! latter date extremely dry), for it W8II exposed 
out of doors during the whole day to Iho wind, but tho leaHet~ 
&ho~'ed no lrit:n~ of cioaing. Tho Chilian form therefore differ!l 
widely from the one at Wtirzhurg, in notclOlling its leaDeta 
when Buffering from tile want of wnter; nnd it can live fOT a 
surprisingly long time without water. 

Trop<r!Oill.rn m<,j,,,(?) (eultivatOO. var.) (TroptOOlere).---8everal 
planls in pols stood in the groonhQuJI(', nnd the blades of 
tbe leav(JIJ which faecd the front-Iighl.s l\'ere during the day 
highly inclined and at night vertical; ~'hilst the leaves on 
the back of tho pots, thongh of OOUr&6 illUininated through 
the roof, did not beoomoverlicalat night. We thou,ght, at fil""lJt, 
that tbill d'lf"renoo in !llcir poeitiOll! W/I.!J in lIOIlle manncr 
due toheliotrol'ism, for the lcavel!l are highly heliotropic. The 
true explanation, howe"er, is that unlll8ll thoy are well ilIu­
IWOOIed during at loost a part of Ole day they drJ not sleep at 
nij(ht; Bnd flo little difference in tho degreo of illumination deter­
minCII whether or uot they shnll becomo vertical at night. We · 
hM"o ob8crved no other 80 well-ruBrkcd B CI\86 8.1! this, of the 
influeucc of previous illumination on uyetitropic movements. 
'l'ho JeavOil pl"'OllOnt nl80 another peculiarity in Ulcir habit of 
rising or awnking in the morning, being IliOrt! strongly fucd or 
iulwrited than thut of sinking or !IICC1)iog at nigM. The move­
menta aroealll!ed by the hending of an uppcr put of tho petiole, 
hetween, an,11 inch in leugth; butlbe partclOfJOtolbebiade, 
for about t of I1n inch in length, dOOll not btnd alJd ahraye 
re.mnin& at right angles to the bbde. The hending portion dOl'Jl 
IlQt p~lltallyextcrnlll or int.cmaldill"<·rcnoo in structure 
froID tho I"eI!It of the petiole. We will DOW ~i\"e the e.lpcrimcnts 
on which the aboveoonelwsions I1rn founded. 

A largo pot "'ilb 8O\"ernl plnnta Wf18 brought 011 the mominl" 
of Sept. Srdontofthcgroonhousonudplaced beforoanorth-e&l!t 
window, ill Iho JIIl,me position fI8 before with respect to the light, 
as fBr 1.8 that Willi )lOflSible. On tho front of the plants, 24 lesvt'l! 
wcrt! ffinrltod with thread, some of whioh had their blades hori­
zontal, but the greater nnmber were inclined. at about 4.:0", 
benoath the horizon; .t ni~ht an th_, without cxceptioo. 
bet-ume ~eal. Earl, on the following morning (4th) the, 
reaasumod their fonner )lOI!ilions, and at night ~n beeam.! 
\"utica!. On the 5th the 8butteMi were openod at 6.15 A •• , and 
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by 8.18 A.X., arreT tho leaH'" had been illuminated for 2 h. 8 m., 
and had &cqllirod their diurnal poIIition, th01 were plI\ce(l in a 
dark cupboard. 'fhel were looked at twioo during the day and 
thrito in U)O ovoning, the last timo at 10 80 p.lII.,And not one had 
bcoomo vertical. At H A.M. on Ule following morning (6th) Uley 
still retained tho amo diurnal position, I1ml wcre IIOW replaced 
before tho north-CMt window. At night all tho loa\"lllJ which 
had (a.ecd tho light had thoir petioles curved IUld their blades 
vertical; wherea.l!Ilonoof tho lea"es on tho hack or thoplanls, 
although thoy JIll(! been moderately illuminated by the diffused 
light of the room, were ,·ertical. 'fhi)" were now at night placed 
in tho IlfImodnrkcnpbo&ni; 1119 4..lI.onthOllcst moruing(7th) 
all thCWlO which had boeJl a.slecp had ret.lII>umed thoir diurnal 
potitjOlI. 1'ho pot ",'U then ploood for 8 h. in tho sunshine, 10 

U 10 i>limulate tho )llant.llj at noon tbey were Illoood boron.! the 
amo Ilortb-ea.st ""indow, and lit night the 101m~ alepi in tile 
UlIU&1 malln<,r and awoke on tho following morning. At nOOD on 
thiltl day (bth) Iho plant8,after haviDg been left bcforo tilo north­
eal!t window for /) h. 45 Ill. I1nd thUB illuminated (though not 
brightly, as tho Bky WlUI cloudy during tho wholo limo), were 
rcpl&eedin tho dnrk cnpboard, andllt3 P.IH. U,O position or tho 
lcI1\"eB WIU! very littlo, if at till, 1l1tf,ll"Cd, 110 Ul8.t they are not 
quickly IlffootOO by darkncss; but by 10.15 P.M. all UIO lcavCII 
..-hicb had faco.l lhe norih-cast lIky during tho /) h. 45 rn. of 
illuminat ion ~tood l'ertieal, ",hereM thOllO on tho back of tho 
plan' nllAincJ their dinnl8.l position. On tho following morning 
(9t.b) the lea\" .. awokeN! on the two fonnor ooc:a6iona in tbo dark, 
and they wore kept in the dark. during tho wholo day; .t night 
a vcry f,ow of th,m bocamo "crlical, ami thia "'1I.l the ono in-
6tanooin which 1I"00blienoo anyinhcriWl klndcuey or hl1bitin 
this plant to 810ep at the proper tim<'. 'that it was real Bloop 
u.s "hown by thCflO..same leaves I"O&IlI!Uwing their diunlSI posi­
tion on the followiug monling (10th) whilst etill kept ill tho 
dark. 

The pot 11"&.11 thon (9.45 .\.)1. 10th) I"(!pl&C«i, ancr hying been 
kept for S6 h. ill darkness, bolore tho norlh~Mt window; and at 
night the bl&d(!8 of aU the Ioa.ves (o:mepting a few on tbo back of 
tbeillsnt.l) becamoOOJl8picuoUIIll ,"(!rtica1. 

At 6.45 •. lOI. (11th) aftortho planta had boon illuminated on tho 
amo side ... beforoduring only 2am., the pot Willi turnoo round, 
10 that tho leal'l!Jl wh.ich had faood tho light now faced the 
iDtcrior of the room, and not onoof thClJO went to 1100p at nigh~; 

..2 
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whi~t 8Ome, hut not many, of tboee "Weh hAd formerly stood 
faeing Ibe t.ek of the room and which had Dever before been 
1\'\:11 iIIumilUlted or gone to sleep, now atII!lUmed a vertical poI'Ij­
tion At night. On tbe next day (E!th) the plant Wl&8 turned 
rowld into its original position, 80 that the srune lea'f08 faced 
the light as fonnerly, and thOl!C now went to sloop in tho ususl 
manner. We will only add thnt with 80me young aeedJ.ings 
kel)iin the groonhouse, the blados of the fll'llt pair of true lea'·011 
(the ootyledon~ being hypogcan) ~tood dnring the day almO!;t 
horizonta!lyanri at night alm08t 'fcrtieal1y. 

A few ohllervations were ~n\Jse(lucntl,. made on tho circum­
nutation of three 1001'08, whilst fa.eing a nortll+{'fUItwindow; bnl 
tho tracings are not gi1'en, as the leav08 mond 8Omewlut.t 
towards the light. It was, howo'for, manifCIJt that thoy rose 
Rnd teU more than once during tbe daytime, the ascending and 
tlOllOCnding IiflO8 being in psrtlledremoly zigug. The noct\U1l.l!.l 
ran commenced about 7 P ••. , and the 1001'08 bad rUlen oonsider­
IIbl,. by 6.4.5 A.K. on the follO""ing moming. 

]A9umillOl<%.-This Family ineludee Illit.ny more genera with 
stooping speciOB thsll all the other flllnilies Jmt together. The 
number of the tribes to which Mel! genus belongs, IlOOOrding too 
Uentham and Hooker's arnmgcment, has been added. 

Crololaria (ap. ?) (Tribe 2).-ThiB J)iant is monophyllollS, and 
we are infonned by Mr. T. TWseltoll Dyer thal the leaves rille 
up \'eriicallyat night and 111'0IIII agailll!t theatem. 

].!l.pifllU (Tribe 2).-The palmate or digitate leaves of til .. 
Speci08 in thia large genus IIloop in three different mannen 
Olin of the ahnplest, ill that all the leaHets beoome steeply io­
elinod down"1lrdB at night, ha1'ing been during the day eJ:­

tended ilorizoutally. Thill ia shown in the accomp&llying 
flgul"08 (Fig. 137), of a leaf of ] .. pilOft<l, as eeen during It. 
dar from n~rtica.lIJ abo\'c, snd of another loof weep with the 
loAflets inclined dowmn,rds. As in this position they ani 

crowded together, and as tlleydo Ilotbooome folded like thoae 
in tho genus Omlis, they cannot occupy a veriically dependent 
pOllitiOllj but they lire often inclined atanangteof5O"benoa&h 
the horizon. In this @lleCiea, whilst the leaflots are sintiq, 
the petioles rise up, in two illlltallC6IJ wilen the anglos wen 
mea&uredtotheexientof~'. TheteafietsofL .• r<b-ca", __ 

"r~, whieh were borirontal during the day, IiIlnk doW'll Ii 
night in nearlytbe same manner; the (ormer to an angle orSlf, 
and the latter of 360

, beneath the horizon; but their pctioIM 
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did not mo1'O in any plainly perceptible degroo. It is, however, 
quite poesiblo, ... we ahall presently _, that if a large number 
of plantll of the three foregoing aud of the following 8pecie~ 

Fig . 137. 

l"pO"" pil_: At Inf _a (rom ~erlleoll,.. .bo~. ill d.rllm~; n, luf 
uJllfPo_aJ&l.trnllr&lllicM• 

1I"crotobeobeervooatallseaaoIl.8,80lIloottho loovCflwould be 
found tOflloop in aditreront manner. 

I u the two following flpooiCII the loaflete, instead of moving 
dowllward8, rise at night. With 1-" lIarlIL't!Jii some /Jtood at 
noon at a moon angle of 86" above the hori~OIi, all(t at night 
at IH", Ihus fonning together a hollow cone with moderately 
6i1.lCllsides. 'fhe petiole of one led rose 1(01Ui(1 of a 8eCOnd 
ll" at night. With L. /"tau a leaflet 1"0lIO from (7" at noon to 
65"aOOve tile horizon at night-and another on II. dislinctleaf 
roee from (5° to 69", '!'be petioles, hO~'el""Cr, sink At night to 
• slDBll Client, viz., in three inslanOOll by 2", G", IlIId 9" 80'. 
Owing to lhis mo\'(~mcnt of tho peliolOl/., the outcr And longer 
leaHeta have to bend up a little more than tho shorter and inncr 
000II, in order that all should stand symmetrically at night. 
Wo ~hall prollCntly 8ee tllat some loa"eII on tho same individual 
plantllof J../1I1~Ulslcepillaveryditrerontnllmnor. 

We noOA' come to a remarkable poiIition of the lca.veII 
when asloop, which ill common to sevcral SpociC8 of Lupine!!. 
On the same leaf the shorter lcafletll, which gencrally face the 
«!nUe of tbe TIlant, sink: at night, whil6t tho longer onCfl 
01\ the Ollpofl:ite aide rille; the intermediate and lateral 0068 

merel1 twi6ting on lhciroWll UOI/.. But thcr() ill some variability 
with reapect to which Jeaflets riBeor fall . .Asmighthayebeell 
upected from BUch divcJ1l(l and oomplieated movemenlsl, tho 
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base of each leaflet is de"l""clcpod (at lcastin the rASe of L.lutClU) 
into a pu!vinus. The rt"'6ult is that all the lenllcts on the 
same leaf stand at night more or loss highly inclined, or e.en 
quite ,·crtically,forminginthislll.tierClISCa,·erticalstsr. This 
Ol'("UfS with tllC lea,·cs of a species purchased under the name of 

Fig. ISS. 

I,. p.w.~; and in the a.ccomponying fignl"Cf> we see at A (Fig. 
ISS) the lea'eII in their diurnal J"l'l6ltion; ami at D the SIiJlle 
plant at nigllt with the two upper leaves having thei r leaflets 
Il.lmOllt vertical. At C another leaf, .icwed laterally, is shown 
with the looflets quite vertical. 1t is chicfly or oxclusivcly tho 
youngest leaves which fonn at night "l""ertieal stars. But thero 
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i8 much ,'ariab]!i!), in IbepoIIitionof IbeiCA,ea at night on Ihe 
.me plant; eome remaining willi Iheir leaflelJi almOlit hori1.ontal, 
othel'll fOfnung Illore or ICIIII highly inclined or ,crtical Itars,lInd 
IOma with all thair lcu.!lete -.lOI)ing dOl\'llwards, lUI in our fin;t 
ell.5l of caecs. It ill aleo II. remarkable ftI.Ct, that although all the 
planla produoed from the Mille lot of soociswero identical in 
appearance, yat lOma individuals at night bad tbaleaflctllof all 
their lcavce arranged flO '" to form more or lCA highly indilled 
stars; othen had them all-.lOI)ing downwards and ne'er fonning 
a slar; and olben, again, retained them either in a horizontnl 
posilion orrailled them a little, 

We hava lUI yet refcrrodonly to thadiffel'<lot positiOll8 of the 
l¥fleta of L. p wlHta:I>1 at nigiJt; but the pctiolee likel\'i.Ml differ 
in their lDO,·em,'ots. That of a young leaf wbieh fonned a 
highly inclined ~tar at Ilight, stood at nooo at 42" above the 
horizon, and dUfiog the night at 72"",80 1111.(1 riscn 8()D. The 
pdioJe of II.noUwr leaf, tho leaflets of which occupied. lIimilnr 
positiOIi at night, rOI!O only GO. On the olhc:r hand, the l)Ctiole 
of a le&f with all ita leaDels sloping down at night, fell at !hill 
lime 4°. 'rhe petioles of h'o rather oldCJ' leaves were lIub!Je.. 
quentlyobllel'Too; both of which stood during the day at enctly 
thcllQmeall~le, vi:l:,,'fffnbovc the horizon, and olle ofthOlle l'OIle 

7 '-8", and the other fell 3"-40 at night. 
We meet with ca8C8 like tbat of L. pIIbuwI. with eomo other 

lJlOCiOIl. Ou a single plant of In m .. tabili. 8Omo lcavc., which 
I'tood horizontally during tho day, formed highly inelinod ,sInn 
at night, and the petiole of one rose 7°. Other ietWCII which 
likcwisostood horizontallydurillg the day, had at night all their 
lUifieta IIloping doWIlwan.t. at 4Go beneath tho horizon, but 
their petiolUi had hardly movod. Again, L.I",.... offered a litill 
more l'CIlllU'kable CR8e, for on two lcavea, tho leaflets whieh stood 
at noon at about 4[,° abo,'o tho horizon, rOliO at night to C5' aud 
mt, so that they formed a hollow cOile with llrocp llidea. Four 
lcavell on tho &ame planl, which bad their leaflets horizontal at 
noon. formed vertical stal'll at night; and three othCJ' leues 
tl'\ually horizontal at noon, 11ad all their leaflets slopiug down· 
wllrdS at night. So Hlat tho leav6!I Oil this one plant all8nmoo 
at night throo different poaitiOil8. Though we cannot account 
for lhill fact, we can see that mch • stock might ~ily gi'o 
birth to spcci08 having widely different uyctilropic habits. 

Little more need be said about the sleep of the speci81 of Lu· 
)linus; so,'ernl, namely, L. pulyphyllu., 01,,01111, Men~iuii, '~u., 
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and .. Ibifrom, though obeerved out or doon and in too gret'll­
hO\\IIe, did not chl\ngtl tlUI JIOIIIition of Iheir leaves sufficiently at 
nip:ht 10 be !!Bid to sleep. From ObeervatiOll1l made on two 
1<1ocping 8peeiel!,itam'learsthllot,lIoIlwith 1'ropa!dum_iru,the 
lea\'eI! must be well ilIuminlloted during the day in order to sloop 
lit night. For l!(l'l"ern.1 pillonls, kept 1111 dl!.y ill 11 lritting-room 
with north-east windoWll, did not 111(01) llot night; but v,'hen the 
llOUI were pllloeed on the following dlloY 01lt of doors, find were 
hroughtin lit night, they alellt in thCllllunl munuer. 'fhotrilll 
11'l1li repen.led on tho followiug day llolld night with the Sflme 
l'CIJult. 

Somo ol.:JllcrrlltiOUll were mAde on the eireumnutlltion of the 
lea'l"tl8 of 1.. /,d-w, flod a~. It 'lll"iII ~Ilffice to My that tile 
~Hots of tho latter exhibited a double oeei\1ation in tile 001l1"J16 
of2-th.; forUulyfell from the early moming until 1015.1..»., 
then I'OfIO and y.igzBfl'gOO gl'C8tly till 4 r.x~ 1I1ler whicll hour the 
~t nocturnal fall eommeneed. Uy 8 A.X. on tho following 
monlin{l:' the leaflets had rillen to their properheigilt. Wo IHIVO 
ACeninthofollrthehapter,thatthcIMTCIIOf/.upinlUlp;ciOfw, 
lI'hieh do 1I0t sioop,eirenl1l!\utllote 10 an e:drnordinMyexlent, 
milking mllony eUipsee in tho OOUI'6(\ of tho dRY. 

CVlia!I' (Tribe 2), Tri9lmdla and ,lltdicufjQ (Tribe 3).---Only 

" fow obI!e"ations were mado on th_ three genera.. Tho 
petiol6111 on a young plant, aboilt a foot in height, of C!llb",~ 

Jm!JrR1I1 I'OfIO at night, on one ooeasion 23" and on another 83'>. 
The three leaHet& alao bend Upwlnl!!, and at the IIIIIllO time 
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approach each other, 80 that the hue of the central leRHct 
overlallil the base8 of tho two laternl leRBetA. 1'hey bend 
up&Om\l~ll that thoy l)rCllll AgIIiuet the slem; and on looking 
do .... n onono of these )oullg 1)ll1l1ls fl"Omvorticnllyabove, the 
iowcrllufOCer!l of t1u.llcafletJt are vieible; alld thua their upper 
6urfD0e6,in acoordallC6 with the general rolc,arebostprotooted 
from radiation. Whil6t the leaver!l on these young IllanUl were 
thn6 behning, thOlMl on an old bllllh in fnll Hower did not 6100p 
at night. 

Trigorttlla Crdimresemblet a Yelilotu8 in ite8leep, which will 
be immediately dl'l!Crib6d. Acoording to M. noyer,· the leaves 
of ,vtdi~I'JO f'IlllCIdala riso UJll1t night, and "so rcnV(!n;cnt IlJI 
pellde maniere apresentcr obliquement au cicllellr f!We ill­
ferieurc." A dra'Ying ill here gin,n (}'ig. 13f1) of the Icn"cs 
of ..1/. ma"A« awake and Mleep; and this would alm06t IlCn'e 
for Cylia../mgrall. in the same two atates. 

J/diJ()t.,. (Tribe 3).-The species in thie genus aloep in a 
remarkable manner. The three leaBm of each leaf twist through 
an allgle of 90, 110 that their blader!l stand "ertically at night 
with ono lateral edge prol!(llited to thozcnith(Fig. 140). We 
shall best Ulidenw,lId the oUler and more complicated mOV6-
melita, if we imagino ollfllChOll always to hold the leaf with the 
tip of the tenninalleaHet pointed to the north. The IC6Betll in 
beoomingverucal atnightcouhl of oourse twist 110 that their 
urper eurfacea should face to either llide; but the hro lateral 
leaflets a[\II'Il1e twistlJO that thie allrface tenw to face the north, 
but as they move at tile Mme time towards the terminal leaHet, 
the npllCr lIurface of the ono faoos about N.N.W., and that of 
tho other N.N.E. The terminQlleaBet behav68 diffcr(lntly, for 
ittwiJJtatoeithersido.thollpperallrfa.cefacinglJOlnetilll6800JOt 
and IlOmetimes w68t, hut rMher more commonly wOIIt than ClUit. 
Tho tcrminallcaflet al80 movea iu another aud more remarkable 
manner, for whilst its blade ia twisting and becoming vertical, 
the \II'holo lealiet benda to one aide, and invariahly to the llide 
towa.nb which the upper enrface is directed; IJO that j( Ihie 
mnace faeos the west the wholo leaflet bends to the weet, until 
it oomCII into contact with the upper and "ertieal surface of 
the western laternl leaflet. ThUll the upper surfaoo of tho 
tenninQI1Lnd of one of the two laternl leaflets ill well protected. 

The fact of the tenninal 100.116t twisting indifferently to either 
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~ido lind IIftor\\·lIrds bending to tho same llido, seemed to us so 
remllrkable,that we endeayourod to discover the cause. We 
imngined that at the commencement of the movement it might 
be determined by ono of the two halvcs of the leaflet bciug 
a little heavier tlmn tho other. Thorefore bits of wood wero 
~'1IUl!lied on one side of several lcaflets, but this prodneecl no 
effoet; and they continued to twist in t.he same direction a8 

Jftlilot~ fJJ!ici"",;, : A, l.ft( during the d_ytime. n, Another leaf ~.l,·.p. 
C,a l ... f .... l.ep A. vi ....... " from ,·uticallynbo,·t ; b~t in thi ,c". ,h. 
wrminalleaHet did not hllppu ~ be in .uoh 010 .. oont.ot with the 
lawr~l one, ... i. u.ual. 

they luw. previously done. Tn order to discover whether the 
same leaflet twisted permanently in the same direction, black 
threads ""ere tied to 20 leaves, the terminal leaflets of which 
twisted 80 that their upper surfaoos facod west, and 14 wbite 
threads to 1000fleb! which h'ist«l to the east. These were ob· 
I'4Jrved oeeruIionally dllting 14 days, and they all continued, with 
(I single (l.lception, to twist and bend in the same direction; for 
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OlIO lca8el, which bad origi.n&Uy faood eaet, WU obl!er,.ed aner 
9 dara to taoe 1I"est. Tho _t of both tho twisting and bending 
movcmcut is in the pulvinus or the aub-petioles. 

Webclievo lhat Iho lcaflota,cspeciaJlytbe tW(lialeral on~ 
in pertonning Iho abovo deecribod complicated mO,'aments 
generally bend a little downwards; but we liTO not lure of this, 
for,/Io8 for aa the Illniu petioieiaooocernOO,it/l uootllfllal move­
meot i.s JIlrt.'Cly dotllrmillod. by tho posilion which the leaf 
happens to occupy duriug Ille day. 1'hll8 ono main )leliolo was 
olwervcd to rUe ailligbt 590,whil6t throe othen l"OIlO only 7° 
aurl 9'>. The petioles and sub-pctiolCil lire continually eiroum­
nUt.atillg during tho wbolo 21 h., lUI U'O ahall preaently_. 

The lcavCII of the following 15I!JlOeiell,,I/. of!ki""l ..... IItJ~~ .. 
parvijloru.cJba, irlfell«.dniwt •• ~ili .. n<lca.W. d,,-Jm,nenJtd, 
prlitpi'rTMow, m.acrorrlliUl. J"'ijc •• 1f1t:f11Idij/L",",-", alld Ta",ri<:a. 
lleep in necarly Ihe llalIlO manncr as jud d(llll'ri\.Jcd; but tho 
bending to ono lide or the tenninal lee.flet i8 apt 10 fail UlllCIIII 
the pJant. arc ~rowing vigorously. With.ll. ji'litpi"fTt<.J.u IIIId 
ttnmdiJIora the terminal leaflet U'as rnrcly ~n to bend to one 
side. Iuyouug)Jlantllof .1/.lIlJ1ica it bent in IheUIIIlII! manner, 
but with old p[nl1la in full flower, growing in ihe SlIme pot and 
ohi;ervodnt ll106llmo houf,\·iz.,8.301'.1I.,nonooflholerminlil 
100IletAoulJeveralscorel!loflC/LI'€shadbentloonollide,though 
Ihey atood \'crticnlly; nor had the h'o latend leaflet/l, thongh 
ltanding verti881ly, IDOVW towarda the terminal oue. A t 
10ao P ••. , and again 0116 hour after midnight, tho terminal 
lcatlebi hIId beoome vcry !l.1ighUy bent to one side, Ind the 
lateral leaflcts had movod a VIlT)" liltle townnll the terminal one, 
110 thlt tbe JlOIIitionof the leaflelJlevCIl at this latG bour was far 
from the ordinary one. Again, wilh ,1I • . 7"a .. riea the krmilllli 
1eaiIetIWefl)1I(IVer8Ce1l to bend towards eilbcrof the two Iliteral 
leaflclll, though thOBe, whilst becoming l"crtieal, bad bent towardl! 
the terminal One. 'fhe Bub-petiole of ille terminllileallct in 
Ibis 81lOOiCl! ia of Illlusual length, al1d if the leaflet luw. bent 10 
ono side, ila Illlpc.r surface collid have come intocontll.Ct only 
.. ilh tboapox of either latcrnllcaflet; and this, pcrhaptl,is tho 
meaning of the 10. ottbe lalcral movclDcnt.. 

Thecolylcdonao.ionot.slcepatuight. 'fhefiratJcafoon.sisl8of 
I mugle orl,ieular ldollet, which twi.stl at night 110 that tile blade 
ru.ud.svertically. It ila remarkAble faei that witb.'I/. 7"a.ri(>l, 
Ind III a 1I01Ilewhat 1(lll8 degree with AI. fttaCrOn'"J.iw lUld 1J(/i/­
l'i,""",,-1I11, all tbo many I;Ill.1l!I lind yonng leaves pnxluced during 
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the cnrly spriog froID shoots on BOrne cut.-down plante in the 
greeniloUBG, slept in a totally different manner from tho normal 
one; forllietbroeleafiets,instea.doftwistingontheirowUlI.lI:CS 
BOIlS W present their lll.texal edges wthezenitll,turlled upwards 
nnd slood vertically with their apiecs ]X)iuting to the zenith. 
They thus AAIIumed nearly the same position IlS iu the allied 
genUl! Trifolium; aud on the same principle that embryological 
characlersrcveal the lines of dellCtlllt in the animal kingdom, 110 

the movemcnt8 of tho smalllce.vesintheabovelhroospcciesof 
){ehlotu8, perhaps indicate that this genus is dC!leended. from 
a form which wna cl()lj()lyallied to and slept like II. Trifolium. 
Moreover, tlwre is one species, 1T. mtMallffl.Si6, the lce.ves of 
which, on full-grown p!&nts between 2 and B feet in height, 
sloop like the foregoing slllal1leavcs and like those of a Trifolium. 
We were 110 much surprised at this latter case that, until the 
Howers ami fruit were examined, we thought that the seeds of 
I'IOme Trifolium had been !:!Own by mistake instead of tliOse of a 
MeWotn", It appears therefore probable that ,II. mt6klnetuis 

h8.ileither rotainoo or rec(wcred a primordial habit. 
The ciI'Cumnutation of a leaf of M . officinali. Willi tmc€d, 

the soom being left free; find the apex of the oorminallcnHet 
describod throo laterally ell:OOnded. ellipses, betwccn 8 ~.)I . and 
4. P.M.; after the latter hour the nocturllal h'iding movement 
commenced. It WfIII afterl\'ards ascertained thllt the abovo 
movement was oolnpoundod of the circumnutation of the stem 
on a small scale, of the main petiole which Inol'ed most, and of 
the su],petiole of the termiual leaflet. The main petiole of a 
leaf having been secured to a stick, clOll6 w the baae of the su], 
petiole of the terminal looHet, the latter described two small 
ellip!ICII betwccn 10.30 ~.M., and 2 P... At 7.15 P ••. , after this 
Rame lenHet (as weB na another) had twisted theIllJlelv08 into 
their vertical nocturnal position, they began to rise slowly, and 
CQutiuucd to do 80 uutil 10.85 P.M., after which honr thoy were 
no longcrobi;ervoo. 

AI! "If. fMSllaJlenn, sleepe in an anomalous maimer, unlike that 
of any other spccice in the genus, the cireumuutation of a 
terminal Jesflot, with tIle stem lIOOUred, WIJ.l! traced dnring two 
days. On each morning the leaHet fcll, until about noon, and 
then begau w rise very II.\owly; hut on the first day the rising 
mO\'ementwllII interrupted betwoon 1 and Bp.lI. by the formation 
of a la terally extended. ollipse, and on the second day, at the 
same time, by two smaller ellipses. The rising movement then 
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rooommcnoed, and brcame rapid Into in the evening, ""hen 
the leaflet "10"1\8 beginning 10 go to 'leep. The awaking or 
linking movement had almldy oommenood by ij..J,.5 A.K. on both 
monlings. 

Trifolium (Tribe 8).-The nyclitropie movementa of 11 
spociea wcro obl!crvoo, and wero found to be clOllely 'huHar. If 
we select Ii leld of 1'. rt~'" havmg an ul'right petiole, and with 
the three lCftfletsexpanded horizontally,thetwo)alcrallo.flelB 
will oolllll'n in the Ilveniog to tnt and al)prooch (!$(lh other, 
IIntii their u)lpersurfaoeROOlllointocQntact. Atthe8&!Uetime 
they bend downwards in A plane at right angles to thut of then' 
former poIIition, IIntil their midrill6 fonn lUI angle of about 4~~ 
with tho upper part. of the petiole, Thill peculiar ehange of 
poaition mqniree a considerable amount of torsion in the plIl­
,.inU.8. The terminal leaflet merely ri_ up without any twist_ 

Flg.tH. 

Tri/oIi_~; A, l~fd\l.I~, tb., 01.01; B, t .. f .. l .. p _t q;lLt. 

in!!:, and 000<111 over until it reB!e on 1111<1 fomlll a roof o\'er the 
edgea of the now verticlll and united. llltoml leaflets. 'fliull tho 
tenllinalleaflet alwaytlplUlllCl!l through all lingle of at ItlMt9O", 
(nluerally of ISO" or 140", aud not mrely-u WlUI often oblerved 
with T .•• ,btft"nlllellm.--of 180'>, In thia lattcrcasetllO tcnnin.1 
IcaHet stands at night horizontally (as in Fig. 141), with il.ll 
101l'er6urfnoo fully exposod tothezenith. Bceideathodifference 
in the ang!6II,atwhich the terminalleaflcl.8 stan<1 at night in 
the iudiTiduals of the .me 8peciCII, tho d('gnlC to which Uw 
koteral lealietaapproaeh each other often likewiscdiffC'rIl. 

We have fIOeIl thattbeootyledon~of IIOme speciCII .l1d 110t of 
others riaeU)1 vertieallynt night. The first true leafi8generally 
unifoliatClLlldorhicular; it always rifKl8,and either stands verti­
tally atnightormoreoommonly bendsa liltle over 80M to cxpoae 
the 10""er surface obliqllely to the r.cnith, in the ame manner 
all d06ll the !('rruin.1 lea6ct of the mature ll'llf. But it d06ll not 
twi"titself like the oorr6!lp<lIl<1ing flret silllllJe leaf of Melilotus. 
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With T. PantWnio.<m the first true leaf Wall genernlly unifolmte, 
but sometimes trifoliate, or o,gain partially lobGd and in an 
intermooiatecondition. 

(firfumnlliaU,,,,.--&LIlhs described in IH63· the spontnnooUIl 
up and dOl'm movementll of the lealletll of 1'. inearnatum, when 
kept in darkness. l'fcffcr mRde many ob6en'atious on the 
gimilar movemtnts in']'. prattnlot.t lie states that the terminal 
ICl\fi~tofthiBBpecies,observedRtdifferenttimC8,passed through 
angles of from 8O"to 12(l<> in the course of from H tooth. We 
ob;erved the movements of T. I"bt~n~um, f"Ulipinatum, and 
Tepttll. 

Tri},J'I!m ,"bttrralltllm.-A [)CUole was Fccnred c101!e to tile 
b!I.sc of the throe leaflets, and the movement of the terminal 
leaflet was trllcOO during 26, h., as shown in tho figure on the 
lIe}:t page. 

Between 6.45 A.K. and fi P.lI. tbe apex moved g limes np 
nnd 3 tilnCS down, ooinpleting 3 ellipsea in 11 h. 15 m. The 
ascending and descending lines stu.nd nearer to ono ILnothcr 
tlu.m is usual wilh most plnnla, yet thcro was some lateral 
motiOD. At 6 P.lI. the great nochlrnal rise commeuced, and 
on the next morning tho sinking of the leaflet was continued 
until 8.:10 ...... , after which hour it cireUlnDutatod in the Illllnner 
just doseribed. In the figure tbu great nocturnal rise and 
the moming fall are greatly abbreviated, from the wllnt of 
SIXJ.OO, and are merelyrcpre8ellted by a..boctcnrved line. The 
lenflet stood horizontally wben at a point alittlo beneath the 
Illiddle of tile diagram; so that during the daytimu it O8C.illatod 
almost equally above lIud beneath a horizontal position. At 
tl.30 A.J1. it Btood 48° bcucnth the hori1.on, and by 11.00 "'.li. it 
had risen 51)0 above the horizon; 8(l thnt it passed through Db" 
iu 3 h . .By the n.id of the tracing we ascertllined that tbe 
distance tre.ve!lcd in the 3 h. by the a[)Cl: of this leaflet WlU! 

['03 inch. If we look at the figure, and proloug upwards in 
our mind's eye tile short curved broken line, "'lrich rept&­
I;€nts the nocturnal course, wo see that the latter moyement is 
merely aD ex.aggerntion or prolongation of one of tha diurna.l 
ellipses. 'l'hetlame lroflet had beeu ob6erved on the preyiou8 
day, aud the COUl"SO then pursued wa.s almost identically the 
same as that hero describod . 

• 'l-'ion,,' 18~8.p.4!)7. 
t 'Dill l'criod . .lH!we::;uugell; 187li,pp. $.),52. 
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Trifolium lWupillatllm.-A plant left l"nlirely froo WQ3 placed 
before a north·eaat win-
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curved, broken line. The wnnil\alleaflot, therefore, of t his 
species doscribod during the daytime only I), single additional 

ellipse, instcad of two ad-

. stem Cl£cumnuiates, 4S no 
r doubt docs the main petiole 

Fi,. 14/' ~) ~~~:iE{.~j~~fj 
~ .' Il.lldthesnh-petioles;so 

Ai 
/ / that the movement repl'C-. 

~ 
// Stln\e<iin fig. 143i.s II. COn\-

/ pounded one. We tried 
/ to observe tho movementa 

/ ofa ied kept during the 
....... /~ day in darkncsa, but It 

1;'j~~~~:Yr7;:,,:~:t~~':m>~~~~'~f"t~~~~~r~ ~n l~O I: ~~daJ~r8 a~: 
Inlna(ltafletduring 24 hou.... well pronouncod after 4h. 

30 Ill. 
Trifolium reptm.~A stem W!I.Il lK'Cured close to the 00.se of 

a moderately old leaf, and the movement of the terminal lcu/lct 
wru; observed during Iwo days. This case is iutolresiing solely 
from the simplicity of the movements, in contrast with those of 
the two preceding SIJCCies. 00 Ihe first day the leaflot fell 
hetwecn 8 A.M . IIlld 3 P.)I., and Oil tho soc:oud betwoc:n 7 A. M. 

!Iud 1 1'.)1. On both days the de8C()mling oourso was somewhat 
zigzug, and thill evidently represents the eircumnutating move­
ment of the two previolls species duriug the middlo of the day. 
Aftor 1 1'.11., Oct. 18t (Fig. 144), the leaflet began to rise, but 
the 1lI0,'emeut was slow on both days, both before lOud after 
this hour, until 4. P.:II. Tho rapid e"~nillg and I10ctunllli rise 
then oommenced. Thus ill this species the course during 24 h. 
C(lllsillta of a single great ellipse; in T. YVIt<pinat,,,Ji. of two 
eUill@e8,ono or which includes tho nocturnal movement (lnd is 
much olongtltoo; and in T. lubterron~um of three ellipses, or 
which the nocturnal on(l is likewise of great length. 

Seeurigna u)T(milia (Tribe 4).-TI16 leaflets, which stand 
opposite one another and are numerous, rise up at nigllt, come 
into c\ooe contscl, tlnd bend bnckwards at a mooerato ungle 
toWtlrds the baso of the pctiole. 
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1M", (Tribo 4).-The nyetitropie moveuwnta of 10 I)_lea 
in thi.s genu. Wel'O observed, Ilnd found to bo the ame. Till, 
IIlII.in petiole I'iso.a little at night, and 
the three 1000fteta ri8lll till they bocome .". 1«. 
\"Crtical,alld at the 811.me timeappl"O&Ch 
each other. This WRII oonapieuou.s with 
L. Jacoba!t., in which the Jeafl.ota aro 
almost linenr. In most of thespecics 
the lootlct8 riac flO much 115 to 1)r<lSS 

against tho stem, and not rarely thoy 
become inclinod Ii little in""ards with 
their lower .ur(3008 (lIl108OO ohliquel)' 
to the l.cnith. 'fhi. W&8 e1early tho 
case with 1 •. _jor,alI ita petioleeal'O 
uuu.suall,.Jon~,andthelcatlet.arethus 
e~blod 10 bond further iuwardll. The 
young ieayce on tho summit. or tho 
BU!Ill.6 eJOIlO UI) at night 80 lUuch, &3 

often to rcllCmble large buds. Tbo 
stipul&-liko I(lilf\cts, which are often of 
mrgc Bizo,ri8lll up like the other lcafieta, 
and PI"CI!8 againllt tho swm (Fig. 145). 
AU tho leatleta of j,. GWdii, and pro­
bri.blyof tho other.speeiOll,are providod 
at their bRace with distinct pulvini, of 

~::o::~~ OOi?hU:'e~:edu!~~:~:~ 7h!..~,:.~;~:~;,~: 
terminal leaflot of L. ptrigrill~ (with movellleau or • a .. rlJ 

:~ ~:~, :~~! ;s:v::::: ~:eri: ~l~~::tro:e;:~~ 
siml)!e that it i.s not worth whilo to SepUJO,hto8A.X.0ct. 

~::!/h~ro~AS;::'ear~hem~~:: !~:: ~;~~:~~~~u:~~~ 
.sbout I P.l>!. It then rose graduai!), bre .. l.~. 
ILtflrst, butrn})idly lAlein the evening. 
It occasionally stood still for about ~ m. during tho day, and 
IIOmetimoa zigzagged Ii little. Tho movement of one of the 
basal, Btipul&-like leaflets Willi likewise tmeed in tho SlIm.· 
maImer And at tho ... mo lime, Ilnd ita oourso Willi clOllOly similar 
tothatofthoierminalloaflet.. 

In Tribe 6 of Bentham and Hooker, the sloop-movemeuh 
of ~peciet in HI senora have been ob6erved b)' ounelvee amI. 

2 A 
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others, but only in Uobinia with any care.. P-.dta llCa"li, 
BiscH its throo leaflets at night; whilst .A.roorpha/rutico«J: 
Du.l(!(l ait)J>'"C"ro,'dn, lind illdi!lo/ero lillc/oriu depl"C:llll them. 
Duehartre t IItattlll that 7'ryJrrwia. eanWu is the 80Ie example 
of" foliolca oouchll6llle long du petiole ci vera la bue;" but II 

.'i,.14!>. 

~. ,t<>m with leu • ..... h duriar the dar; B, .dth I.T" 
... Ieep.~ aill"h\. S$, .tipule--lih Iweu. 

similar mo,"cment occurs, as we have already 8IX'n, aud shall 
agnin!!OO iu other C&SC6. lI'i .. lari(l Siflt"ll.U, according to 
Uoy"r,t "Ill&isse 1611 (oliolea qui ]JIlI" une dispoti.itiou bi:ur.1TI:l 
!lOlit iudinres dana la memo f~uille, 101 liul~rieurcs ,'crs III 

·o"eI,.,tf-, 'li"WCI1I3 o.I.u l'A"". do:-. Scienee.. S,t.. 
n"tAllique: Ism, p.lUS. Uot:(~tb .eri~f), is.18U8 

t Ibid.,p.lH', 
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IlOmmet, lea infcneure!I vers la base du petiole oommun;" but 
the leafle18 on a young plant ob8erred by na in the green· 
house merely sank vertically downwuda at night, Theleafleta 
are rai8lld in Sph(rrop/lylKl. kll#Qla, Colutw arbo:wta, and ,d,/m­
yuJ.a uliyilH~w, but are depres!ied, according to LinnIDus, in 
Gly~yrr"iw, The l6&fle18 of Robinia pK1id~i(J likowil!6llink 
vertically down at nighl, bnt the petiolOll nee /I, little, viz" in 
one ease 80

, and i ll allother 4", The circ1lmuutating mo\'e-­
menU! of a terminai leaflet on a rather old leaf ""ore tmood 
during twodaYII,llldv.m'e Ilimple, 'l'heieaftctfellsiowly,ina. 
lllightly zigu.g line, from 8 4,)(, to 5 p.x., and then more 
rapidly; by 7 A.X. on the following morning it. had riscn 10 il$ 
diurnal position. Thero was only one peculiarity in the move-­
ment, .Ilalllely, that 011 both days there WIJI a distinct though 
smal.l OI!lCilIation up and down betwoen 8.00 and 10 "'.lI., aud 
this would )Irobably ban, been more strongly pronounced if 
the leaf had beeu younger. 

C(Jronilla "*,(J (Tribe 6).-The leaves bear 9 or 10 pairs of 
op)Xl6ila leaflets, which during the day stand hOrizoutally, with 

C_illa_,luf ... l ... p. 

their midrihflllot rightangies to the petiole, At night tilCyrise 
0 11,80 that the OPllOllito leaflets come nearly into contact, and 
those on the youu.f,-erlca\·es iuto c1osccontacl At the same 
lime they bend wk tOQrds the base of the petiole, until their 
lllidrihll fonn with it angles of from 40" to /j(F iu I], "Vertical 
pIaoc, all hero Ilgured (Fig. 14.6). The JcaHeu, Ilowever, ~ 
time8 bend ro much back thai their midribi become parallel to 
&ad lie 011 the petiole. ThcythUll oocupy a reYerfied position 
ill .... hat they do ill 8Ilveral Legum.i.nosro, for instanoe, in Jli_ 

:! A 2 



3:)6 MODiFIED CIRCGMXUTATION. CHA!'. \'H. 

plldim; but, from standing further apart, thoy do not overlap 
olle another noorly 80 mucb as in this latter )Itant. The main 
petiole i8 curved slightly downwards during tlle day, but 
strnightellll itself at Dlght. In three cue8 it f'06(! from 8° abovc 
thc ho:i7.on at noon, to 9° at 10 I· .•. ; from 11° to 83° ; and from 
6° to 88"-tho amount of angular mo\'ement in this laUer CII./:lI:I 
IUUOUlltlllg to 2gO. In 86l'crai otbcr Ipceiea of Coronilla the 
leaflets showed ouly feeble mO\'ementa of a llimilar kind. 

lItd!Jfl1 ....... _arium (Tribe 6).-The small lateral Imlle ... 
00 1)lants gr'O\viog out of doom l'08C UII vertically at night, but 
the large lcnninal (mc bocame only moderately inclined. The 
petioIC8 Ilpparently did not rise at all. 

Smithia Pjundii ('1'riOO O).-The lrofleta rise up vewenlly, 
and the main )lCuoleal.floriflOlloonaiderably . 

.Ameki. hypuga:s (Tribe G).-The allll.l16 of a leaf, with its tll'O 
p6in of leaflets, is sho .... o at A (Fig. 147); and a leaf asleep, 

~~~t 
A ll. 

A'1JC!UlAYP"!lIN: A, I.~f durin, the day. INa from nrtl""lIyaoo\'ei n., 
IOA( •• ltop. _II 1.t,nllYi eopi.cl from . l'ho .... , .. ph. ~·i'ul'H much 
nJue«l. 

traced from II. photograph (made by tho aid of aluminium 
light), is given at B. The two terminal leaflell twist round al 
night until their bllldCB IIand vertically, and approach each 
other until they meet, at the ,,"me timo mo,.ing a little lIpwardf. 
alld baCkWllrd&. The h,'o lateral leaflets nlCet roeh other in lbe 
&Ilmc manner, bllt mo,'e to a greater exlent fonrarda, that ill, in 
a oontrary direction to the !.wo terminllol looflets, which thor 
JlRrtially erubraoo. Thus all four leafleU! form together 110 llin{!'le 
packet, with their ed~ directed 10 the zenIth, and wilh tbeir 
10w('1' 8IlrfllCCll turned outward..... On a plant which Wall not 
growing vigorously the el~ leaftela eoomod too heavy for thl 
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pctiolea 10 SUpport Ihom in a vertica.l l)Oflition. so that each 
night the main )letiole became t .... isted. and all the packe\JI were 
extcndedhoriwntaUY.'II'itbthelowcr BurfacesoflhelealletBon 
one &ide directed to the zenith in a lD08t anomaloUII manDer. 
This fact is mentioned fIOiely as a ca.ntion. as it 8nrpri.eed 1I.S 

greatly. until we di!lCOvered that it was (l.n (l.nomaly. The 
Jletiolca are inclined upwarda during the day. but sink at night. 
flO a8 to stand at aboui; right anglca with the stem. The amount 
or &inldng Was WC88nred only on one oocuion. and found to be 
89°. A petiole was secured to a stick at the baae of Ihe two 
tenninal leafinUi. and the ciroumnut.lling movclncut of one of 
the!!(! lealloUi WR8 lraced from 6.40 A.III. to 10.40 P .•.• Iho I)\(l.ot 
heingiUuminatod fromabove. The temllCraturewas 17°-17~0 C .• 
aud therefore rather too low. During the 16 h. the Ie&fI.ui moved 
thrice up and thrioe down, and a8 the a&cending and d~nd­
ing linea did not ooincide. throe elIipeell were fonned. 

JJutMdium 9ymll. (Tribe 6).-A lar;ge and full-grown Irof of 
this plant, fI() iamoUl! for the spontanoou8 
movements of the two little laleral ICtlflcta • 
iB here reproeented (}'ig. 148). Too large 
terminal leaflot sleepe by sinking "ertieally 
down. whilst the petiole ri_ up. 1'be ooty­
ledons do not aloop, bui tile first·formed leaf 
aIeepB equally well foB the older OIlOll. Tbe 
1]lpearanOO pl"6lMlllied by .. sleel)ing brauch 
and one in the day-timo, oopiOO from two 
photogrnphs. 11m shown at A and D (Fig. 
149). and we too how at night the lea"V(W are 
~rowded toscther. 1L8 if for mutual pro­
tection. by the riling of tho petioles. The 
petioles of Ihe younger leavCII nearthollu!D­
!Dil3 of the 8hoo13 rise up lit night. 110M to 
Btand vertical and parallol to the Item j 
whilst th08C on the IlidCII "Were found in four 
OMM to ha"e ri&en reBpeeti"Vel,.. 461°. 86~. 
20". and 19'5° above tile inclined poeitiODII 
~'hich thoy had occupied during the dllY. 
For inBta.noo. in the first of those four eases 
the petiole stood in the (la,.. at 230. and lit 
night at G'Jlo above the horizon. In the 
e~ning the rising of lhe )letioles ill almost 

• 1,.14-8 

lk~q,.... ... : 
l •• r _D. from 
.oo .. e. nductll 
toon .. I .. .lfD.'­
t .... l.,uo. The 
mingle Itlpul .. 
gD.u&ul1ylarp. 

oompleted beforetholoo.fletasinkperpelldicularlydo"Wll"Wards.. 
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Oircllmllutalioll.-The cireumnutating movements of four 
young shoots wcre observed dnringfih.15m.; and in thi, time 
each oompleted an oval figure of small ,izc. The main petiole 
alile) circwDllutates rnpidly, for in the course of 31 m. (temp, 
no F.) it changed iUl course by as much fLU rectangle six timer!, 
describing a figure which apparently rep~nted two elli~ 

Fig. 149. 

Damodium !III""".' A .• teon during the d.J"i n, .tem with leave. ""l~r. 
CoI"~fro"' ... photogr'l,h; fi,uretr~uced. 

The movement of the terminal leaflet by means of its BUb-­
petiole or puivinU8 is quite as rapid, or even more so, than that 
of the main petiole, Dud has much greater amplitude. Pfeffer 
hM IIOOn· these lesflets move through an angle of 80 in the 
oourse of from 10 to 00 seconds. 

A fmo, noarly full-grown leaf 011 a young lll!Ul!,8 inches in 
height, with the stem secured 10 R slick at the bMe of the leaf, 
was observed from 8.30 A.lI. JUDe 22nd to 8 ..1. .11. Juue 21th. 

•• Dic Period. Beweg.,' 1'. 35. 
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In the diagram given on the next page (Fig, 150), tho two 
curved broken Iinl'8at the baBe, which rellrcsent the nocturnal 
COUr&e8, ought to be prolongOO. rar downward.. On the first 
day the \ee.f\ot mol"oo thrice dmm and thrice up, nnd to a con­
aiderablo distance laterally; the course waa aI/IO remarkably 
crooked. The dots wcro generally ma.de every hour; if they 
had boon made every few ruiuu\.oll al! the Jine8 would havo been 
7.igzng to an extraordinary dogree, with hero and there a 1001) 
formed. We lIIay infer tlw.t this wOIII(1 have boon tho case, 
becaU66 five dota wero made in tbe eoUl'l!C of 81 m, (betwoon 
19S1an(1 Ui ".H.), II.lld woseein the III)pcr l)O.rt of the diagram 
how crooked the eoullIOhere i8; ifoulythe first alld IMtdol1l 
had bocn joined 'io'e should hlwe had 8. straight lin~. Exactly 
the Mme fact rna,. be &0011 in the linee repl'Olrenting the COUI'!le 
between 2.2.1 P .•. and 3 P .•. , "'hen IIix illtonnedi&te dota were 
made; and again at 4.46 &nd 4.50, Dut the reIIultwas wide[y 
dift'crent..ctor6p,JI.,-tbatis,aflerthegrealllocturnaldescent 
had commenced; for though nino dots were then made ill tho 
courseof82m, whcn theee 'io'cre joined (BOO Figure) the line thlla 
fonned wft,e ft,lmost straight. The IcafieUi, therefore, begin to 
descend in tho flftenlOon by zigzag linOll, but &S fJOOll Il.8 the 
deaoont booolllCl! rapid theirwbolo ~nergy ill olJlended in Ihm 
moving, ft,ml their 00Il1'80 becomes rectilinear. Arter tho leaflots 
areoompletclYlUlloop tboymoyoyorylittloornotll.talJ. 

Had the aoo"o plant boon subjected to a higher tempernture 
than 610_70" P., tllO movements or the iermiual 10000flot would 
l'rot.bly bave boen el'en more rapid and wider iu extent than 
Ih088 ahown io the di.grnm; for & plant ., ..... kept for /IOmo time 
in the hot-hou..<eat from 9'2"-930 F"and in Ibecouraeor 35m, 
the.pex of a 10000f1ot twioode6Cended and onoo I18CCnded, tral'elling 
over a 8j:*OO of 1"2 inch in a vertical directioll and of '82 inch in 
a hori:wntal direction. Whilst thus moving the looHet al"<l 
rotated on ita own n:ria (and this WII8 a l)(Iint to which no aiten­
tion had 1100n bdoreJlllid),forthopllLllooftho blft.(ledilfered by 
41'aftcr all interval or only IL fow minlllCII. Occnsionallythe 
lee.lletijtootietiliforaBborttimo, TllerewlUl nOjcrkinglllOV6-
mcnt, which ia/lO characteriaticof the littlolateralleatlct8. A. 
~uJden aud considerable fall of temperature C/Lnll(llJ tho lenniual 
lea.flet to sink dO'io"uwarilil; Ihm a cut-olf loof W/VI immel'llod in 
... ter at !l5 - }'., which was Blowly rn.i1iOd to 1030 P., and after­
... rda allo'io"edto Binkto70" }'"and the Bub-petioloor th'l ter­
minalloaflot then curved downwards. Tho 'io'ater W8I af'tcrwarru. 
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raieed to 120" F.,and the .ub-petiole stnUghtenod itself. Similllr 
e%lleriruents with leftvOll in water Wen! twiee repooted, "ith 
n~rly tho Rnme l'OIIult. It ahoilld be addoo, thllt wilter mised 
IOOVOll l ZZO F . dOOl'l not IIOOU kill II. leftf. A pll\utwM ) Ia.cod 
indnrknOlllll\tS.37 A.M., and at 2 P.M. (i.e. after 511. 28m.), though 
tho leaflets had suuk oonllideml1ly, they had by no means ac­
quirod their noeturnalvortksl1y dependent poeition. Pfeifer, on 
the other hand, Myll · that this ~urred with him in from t h. 
to ~ h.; IJerIL"pI! the difference in Ollr relJU!ts may be due to 
the plant all which we CXI)Crimented being A vory young and 
vigorou!i!JOOdling. 

TM Mv«TM:Nbo/IM Iii/if Lattral Ltuj1tll.-ThOllO have heen IiO 

often dOllCribed, thRt wo "ill ondeavourto be as bricfll11l1011S..ib!o 
in giving a few now fnets and conclusions. The leaflets some­
times quickly ehllnge thei r fIOtiition by lUI much as Iienrly 1&Y'; 
alld their .ub-petiol~ can Ulen be IIOOn to become gree.tty eurved. 
They rotate on their own HIlB, 10 that their nl)per aurface8 are 
directed to all poillUl of the compBll6. The figure dOl!Cribed by 
the al)OJ[ i8 an irregular o\'al or ellipee. They IOmetimea ro­
lllILin stlltionllry fora period. I II Ihe1:16 scV<lml reijllOCUtilereis 
no d iffer('nee, exeept ill nlpidity and Oltent, between their move­
mellli! and the le8I!Ot OUe8 porromlOO by tl16IRIl,'e termill ru 
lea.flot whilst IIlJ!.king iill groot O/!Ci1latioD8. Tho mQ\"ementB of 
the lillie leaDel8 are milch influenced, lUI ia well known, by 
tempoorature. This WIUI dearl,. shown by immeraing l6B.vllB with 
molionlO8ll leafleb! in cold 'Imler, .. bleh 'ii'RII alowl,. rail!ed to 
108° }'., and the lea.Dcta then moved quiciJy, dClJeribing about a 
dozen little irregular eirelcs in 40 m. By this time the Wi\ter 
had become mnch cooler, and the movemellts boeallle slower or 
almOllt eeAAod; it '11'/111 thell misod to lOO"}'., alld the lea flets 
again OOgnn 10 movo q\lickly. On another OI'lCaaion a tun of 
line leavOB was immcreed ill water at sao F., and the leaflets 
wero or OOUrI!O motionl-. The water was ra.ised 10 99", and 
the leafleill IIOOn began to mOTe; it wae rai8(ld to 106~, and the 
movement. beeame mueh more rapid; each litt le eirde or oval 
being completed in from I m. 80.11. to 1m. iti.ll. 'fhere WM, 
howe\'er, 110 jerking, and tllia Caet mRy perhapl! be attributed to 
tho reai8tallee of the water. 
Saeh~ ~tutea that tho leaflets do 1I0t move nntil tho Burround­

ing Illr iB as high IVl 71°_72" F., and thi~ &grOOI!I with our 

• 'Die Pu;oo. nc_eg.,' p. 39. 
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Illlleri(!IlOO on full-grown, or nearly full-growD, plants. ]Jut the 
leafleta of young IJOO(lliD~ exhibit a jerking movement at much 
lower temperatufilll. A IiOOdJing was kept(Apri! 16th) iu a room 
for half the day where the temperature WII8 8t~ndy lit 640 }'., 

And tllC one leaflet which it borewlU! oontinually jerking, but 
not 80 rallidly 118 in the hot-house. The pot WAIl tllken in the 
evening into a bed-room where the temperature remained a~ 
62" during nenrly tbe wbole night; lit 10 and 11 P.X. and IIot 
1 A.X. the leallet"\ll"lll~till jerking rapidly; at 3.80 A x. it "\11"88 not 
&QC.Il to jerk, but"\II"N obeen-ed during only II short tIme. It Wall, 

hOI'l·evCl", now inclined o.t a much lower angle than that OO(lUllied 
IIotlA.)I. At 6.SO A.K.(temp. 61° F.) ita inclination was still 
IC611 Uum before, and p,gp,ill 1C611 at 6.45 A.K j by 7.40 A.II. it 1m£! 
risen, and at 8.30 A.II. Wall 19ain soon to jerk. This leaflet, 
therefore, was moving during the whole night, and the move­
ment ... ·118 by jerks up to 1 .... x. (Ind pos8ibly latc:r) and again lit 
8.8O.&x., UlOugh Ule temlleratllre 1'1'&.11 only 61 to 62" F. We 
must therefore ooncludo that the lateral leaJI.el8 produced by 
young plAn!s differ JJOmewhat in oonstitutiou from thOllO on 
olUer l)lllnt.s. 

In the largo !,,'Cnua Desm()(lillm by far the greater number 
of tbe BpeciCli are trirolinte j but some are unifoliate, snd cven 
the same plant may bco.r uni- Bnd trifolillote lea'·es. In mOBt 
of tho l]lOOiee the lateml lca6eta fl11l only a little smaller than 
the terminal one. Therefore tho lateral leaBew of /). gym ... 
(Jk'e former :Fig. 148) must be oonsidered .. aJm08t mdi­
lllentary. They are alJlO rudimentary in funetion, if this ex­
pression may be UlIOd; for they certainly do not sleep like the 
full-sized terminal Jeaflcts. It is, llowover, pOl!lliblo that tho 
sinking down of tho leaflcts hotween 1 ".M. and G.45 " .... , as 
above dCIICribed, may ropl"Cllent sleep. It ill well known thai 
the leaflcts go Oil jerking during IIle early JlI'rt of the night; 
but my ganlener ob&c.rvcd (Del 18th) a pla.nt in the IIOt-house 
bet .... een 5 and 5.80 A.)I., the temperature having been kept up 
to 82" F., and found that all Ule leaBeta "'·ere inclined, but he 
saw no jerking movement until 6.55 A.II., by ... ·hich time tho 
tenninal leaflct had rif!eJl and was IIowilke. Two deYlI after­
ward.ll (Oct. 15th) the JIIlmo plant was obrien-cd by him at 
4.47 A.II. (temp. 77° }'.),and lIe fouud that the largo terminal 
Jcaflcl8 were awake, though IlOt quite horizontal; lind the ouly 
CtlIl.l!O which we ooul(\ assign for tlIisanomaloUJI wakeflllnCIIII "\II"N 
that the plant had been kellt for elperimeutaJ plU]108C8 during 
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tho previous day at an unusually iligh rempemturo; tho little 
lateml leaflets were also jerking at this IIOU1, bnt whethu 
there was any connection between this latter fact and tho 8Ub­
horizontal position of tho terminal leaflets we do not know. 
Anyhow, it is cerlain that the laleml leaflets do not sloop like 
the renninal leaflets; und in so far they mlLy be said to be 
in a functionally rudimentary condition. They ILl"(! in a similar 
eondition in relalion to irritability; (or if a plant be shaken 
or syringed, the terminal leaflets sink down to ILbout 45° be­
nooth tlle horizon; but wo could never detoot any effect thus 
prodoced on the lateral leaflets; yet we are not prepared to 
tlnert posiU"ciy that rubbing or pricking the pu!viuUSllroduces> 
nocffect. 

Asin the case o( most rodimenlary orgl'lls, the leaflets are 
.ariable in size; they often depo.rt from their normal IJOSition 
and do not stand oPIXlSite one aoother; lind one of the two is 
froquenllyab;;cnt.. This IIbsence sppeared in aorne, but not in 
all the cases, to be due to the leaflet having become completely 
oonflllent v.ith tile main petiole, as might be inferred from the 
present>(lof a slight ridge along its upper margin, and from the 
course of the l'~S8CIs. In one instance there was a vestige of 
thc leaflet,in tile shape ofa minutopoint,at the further end of tho 
ridge. The frequent, sudden, and complete disappearance of one 
or botll of the rlldimentaryleaflelB is a rather singulllr fact; but 
it isa IUllch more surprising ono that tho lcawll which are first 
devcloped on !:ICedling plants are not pmvided with thcln. Thus, 
011 one seedling tho sownth leaf abol'o tho oolyledons WBS the 
first which bore IIny lateral leaflets, and then only a single ono. 
On another I!Cedling, Ihoc!oventh looffil'llt bore a leaflet; of tho 
nine Buoceooing leaves the bore (], single lateral leaflet, snd 
fourbol"6nono Rtal!; at last a leaf, the twenty-first abol'e the 
cotyledons, was provided with two rudimentary latemllealletll. 
From a widCl!prcad analogy in tho animal kingdom, it migllt 
have been expected that these rudimentary!CllflelB would ilave 
been better dc'·ctoped and more regularly present on very young 
thlln 011 older plants. But bearing in mind, firstly, that long_ 
1000t cl]]l.mcters somctimoo reappear late in life, and sooondly, 
that the species of DeI:lmodinm are generally trifoliate, oot that 
lIOillO are uuifoliate, tho suspicion ari_ thllt D. gyroll l is 
descended from a nnifollate SpeciCll, and that this was descended 
from II trifoliate one; for in tllis case both the absence of tho 
littlo lateral lenflcis on very young seedling!', and their sub-
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I!Oqllent appearanoo, may be attributed to J"(lvol'llion to more or 
100000diatantprogenitora.· 

No one BllppoeeB that the rupid mo'·emel,t, ef the lateral 
1cc.!IelB of D. !lyra,,, are of allY lise to the plant; and why 
they should behavo in tlds mnnner is quito unknown. We 
inmginod that their IlOwer of movement might stand in Home 
relation with their rudimentary condition, and therefore ob­
IIC"OO the almost nldimenlary leaflelB of MimOta aJbida vel 
.nuiti"" (of which .. dn\'lring will here&fter be given, Fig. 159); 
but they exhibited no eJ:traordinary movements, and at night 
they went to sloop liko tho full-!:!izod leafielB. There ia, how­
oyer,this remarkablo difference in tho two ('fUlC8; in Dcl>mo­
dium the puJviull' of the rudimeutary leaHets has not been 
reduced in length, in correapondenoo with the roo:luetion of tho 
blAdo, to the I!OmeeJ:i('nt M hM occurred inlhe MimOl!O; and it 
it on the length and degrooof curTlltureof the pulvinll3 that the 
amOllnt of movement of tho blade depend... Thllll, the aye~'e 
length of the ]lIIlvinul in the lall,'C Icrminal leaflets of Desmo­
dium i, S mm., whilst tlmtorthe rudimeutary leafletrl is 2·86 mm.; 
110 that they differ only a liUlo in length. Dut in diameter they 
differ mllch,that of the pulvinusof t he littlo lenfletll being only 
O·S mm. to 0·4. mm.; whilst that of tho tcrminal leaflets is 
1·33 mm. If we now turu to t he illim08ll., we find that the 
Average length of the pulrinus of the almOl:lt rudimentary 
leaflets is only 0·466 mm., or rather more tluw a quarter of the 
length of the pulvintUi of Ule full·sized lE*flets, nlUllcly, 1·66 mm. 
Iu this I!IIlIlIl reduction in length of the pulvinus of the rudi­
mcntary l('8fiet8 of Dc6modium, we ap])81'{'ntly have the pro:xi­
mnte call1)8 of their great and rapid eireumllutating movement, 
in contrast with that of the alm06t rudimentllry leaflets of the 
MilllOllR- The smnli aize and weight of the blade, JIII(1 the little 
resistance opposed by the air to its movement, no doubtal8o come 
iuto play; for we have flCCn that th_ leaflctll iC immersed in 
water, when the l'C8istanoe would be much greatcr, were pre­
'·entecl from jerking forwanla. \Yhy, during tho reduction of 
the "Itcrnlleaflel, of I)esmodimn, or during their reappearance 
-if they owe their origin 10 revcnion-tiu) ",ilviuus shollid 
IUn"c lloen so much ICSII affootod than the blade, whilst with tho 
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MilllOlllo tho l)ltivinus hM been greatly mInced, .. ·e do not 
know. NevertllclOllll, it deserves nolioo that the roo:Iuction of 
the leaflels in th_ two genera hAS apparently been effoctod by 
a different. pl'QOOllll and for a dilfC1"Cnt cnd j for Witll the lJitn08lli 
Ihe reduction of Ihe inner and baMlleaflcll WAS n6ttlll8ary from 
tho want of I llQOO; but no such neco88itye.ista with J:Jo>mo.. 
dlum, and the roo:Iuction of ita lateral leafleta 800DlS to have 
been duc 10 the I)rillciple of oolllpcnsatioll,ill oonsoquclloo of 
thegrCtlt8i1.oof thetenninallcnflet. 

Uraria (Tribe 6) lind Ce"trwema (Tribe 8).-The leafleta of 
Craria iI'1JoJl'" and the leaves of a CentfOll6llla from Brazil 
both sink vertiCAlly do .... n at nighl. In the latter plant the 
petioleatthe8&wetimCfOll616io. 
AmphicUl~ mon"ico; (Tribe 8).-Tho It'aflet. .ink down ver­

tiCAlly at nighl, and tho petiole. likewi8e £all ooD!!iderably. 

l1g.151. 

Jm~~b·!~~~~!fS~;r~~nf~i:!ti:Y~~;~:;!t~::~:~ 
I7lo_I SloC. 

A petiole, which wall carefully obecrved, stood dnring the dllY 
\4rI~ above the ilori:ron and at night 82" below it; it therefon.l 
feU 67°. A filament'lVlUl fixed tmnSTeraeiy &CfOIIII the terminal 
Iee.Bet of a fine young leer (2t inchCl in length including the 
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petiole), Rnd the movement of the whole leaf ..... as traco:l on a 
vertical glll.8S. This WlUl a ~1 plan in some l"OSJ)O()t.s, because 
tllerotUotion of thelea8et,indeJ)(mdentlyofitarisiugotfaUin;;, 
raised aud depl"()l!l!O({ the filament; but it W8.S the begt phm for 
our special purpose of obscrl·ing whether the leaf mo¥ed much 
after it had gone to sloop. The plnnt had twined closely round 
a thin slick, so that the ciroumnutation of the stem W8.S pre­
vented. The movemeut of the leaf WllS tmeed during 48 h., 
from ~ .0.11. July 10th to 9 A.lI. July 12th. ]ll the figure given 
(Fig. 151) we see how complicated its course was 011 both days: 
during the second day it ehan~ its course greatly 13 times. 
The leaflets began to go to sleep R little after 6 1'.11., and by 
7.15 1' . .11. hung vertically down aud were completely asleep; 
but ou both nights they continued to movo from 7.15 1'.11. 

to 10040 amllO.50 1' • .11., quite as much as during the day; and 
this was the poillt which we wished 10 o.scerlain. We see in 
the figure that the groat siuking mo'·emcnt iato in the evening 
dOC!! not differ essentially from the cin:umnutl,ltion during 
the day. 

Ulyciru IIi.pida (Tribe 8).-Tbe thrw leaflels sink vertically 
down at night. 

Erylhrina (Tribe 8).-Five speciea were obecrvod, and tho 
looflels of all sank vertically down at night; with E. ca!Jra and 
with a second unnamed speciCll, the petioles at the same time 
I"QEICslightly. 'fhemovemeutsoftheiel'Illiua!loofietof f:.crilla­
gall. (with the main )JCtiole sooured to a stick) wore traced 
from 6.40 A.M., June 8th, to 8 A • .II. on tile 10th. In order to 
o!Jser\"othonyetilropiemovonlent.sof this plant, it isnocesssry 
that it should ha'·e grown in a wann grwnhouse, for out of 
doors in our climate it does not sIOCI). We see in tho h"OOing 
(Fig. 152) that the leaflet 06Cillated twice up and down between 
ror1y morning and noon; it then fell gre1l\ly, afterwards rising 
till 3 1'.11. At this latter hour tho great nocturnal fall COUl­

menced. On the second (lay (of wli.ich the tracing is not givon) 
there wa.s eIaetly the same double 06Ci!!a.lion before noon, but 
only a very smsll one in the afternoon. On the third morning 
the leaflet mo,-cd laterally, which was duo to its beginning to 
IlSIlUIDe an oblique position, as seonl!! in1"Rriably to occur with 
Ule lroflet.s of this species aa thoy grow old. On both nights after 
the leaflets were ru;lecp and hung wrticslly down, thoyeontinuod 
to move a littl!l both up and down, and from side to aide. 

E,ythriua roj!ru.-A filament was hod transHlI1Ioly across 
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a terminal l..tIet, as we wished 
toobeerveitsmo"ementawben 
asloop. The ),Iant 1IrM plaoed 
in the morning of June 10th 
undrr a 8kyliE:ht, where the 
light was not bright; and we 
do 1I0t know whether it was 
ol\'ing to this cause or to tho 
))I&nt having boon disturbed, 
but tho IMtiot hungvarlically 
dOl\ll nil OOy; nevertholCl!8 it 
e.ircumnutatcd in this JIOI!i­
tion,dCllCl'ibing a figure ""hich 
JePl'Olelltai two irreguJal' cl­
iii'" On the next ooy it 
circumnutated in a grwter 
dpgroe, dOllCribing four irre­
gular ellipeos, IUId by S P.:II. 
hadriseuintoahoriJ;olltall~ 
!lilian. Uy 7.15 I'.H. it Wll8 

Il.'Iloop Imd vertically dOJlen­
dent, but continued to cireum­
nutate /Ill long III! obacrved, 
unlilllp . .II. 

l:T)tlldJtCl rorallodt:Jtdnm.­
The uloII't'mentt or a terminal 
leaHet were t.raced. During 
the IJOC'IOlId day it OBcillated 
rour t~ lip and fon r times 
d01l'1I between 8 A.X. and 4 
p.x.,arterll'hich bour the great 
nocturnalfalloommenced. On 
the third OOy tho movemont 
WI\Il equally great in runpli-

367 

tude, uut was remarkably '. 

::~p~~~~~ ~orr:~;t B=g~~ F.ry!~~::r.?5~lijf~:~:~~ 
line from 6.50 A.H. to S P.H., lu'lb,l.......tdurilll~5b.; apu 
and tbeu IJIlllk dOl\'D in an orIMfS.~llIch .. froml""nnj",,1 
eqUAlly 8lraight line until ~~-:;,t:!i:'~"1.::t~~::~ 
TCrUeall, depeudoot and ... 1«:\ {roAl .bon; lemp, I7P-
I.I\loc(l. UlloC, 
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.ApiOt /uOO"'*I. (Tribe 8).-The leaflela sink vertically do",-n 
atnighl 
1'~w w/'fUn. (Tribe 8).-Thelooflota likowill8l1ink TOrti­

eally (lown at ni~ht. In tho groonhoullO the petiole of a young 
leaf I'OIlC 16°, and that of In older leaf 100 at night. With 
plants P'O..,..jD~ ont of (tOOl'll the lealletll apparently do not sloop 
uutilllOltlcwlUl.t late in tho 8ffi!IOn, for on the nighla or J uly 11111 
and 12th Ilone of them were Mloop; whercason the night or 
August J5th tho !!I1mo planta had lDOfIt of their leaflets " erti­
cally dependent and asloop. With I'll. mrtJroila and IIt:nuuJ,. 
<It.ii, the prilOOry un.ifoliate leaves and the leaflets of the 
fIOOOlldsry trifolilitelC6.T08 sink ycrticallydowlI st night. Thill 
holds good with tho secondary trifoliato 100w\II of Ph. Rr.«­
bury',ii, but it is r('lllarkable that the I)rimary nnitoliat.e leav .. , 
wWch Ire much elongated, rise at night from lbout 2()'> to 
abont 6O"abo"O lhehorizon. With older soodlingl!, howeyer, 
}uwing the 6OCOndllry lcavCl! just deye}oped, the primMY lewCII 
stand in the middle of the day horizontally, or are defiecleo:l 
a little beneath tile horizon. In one such I!&Il6 Ule pri.mnry 
loaw18 J'OII6 from 26° beneath the horizon at noon, to 20" above 
it lit 10 P .•. ; whilst at thie same hour the leafleta of the 
fIOOOndary leaves were "ertically dependent. Here, t hen, we 
lIa,'e the cxtroordiDllry ca.se of the llrimary IUJ llOOOudary 
loon ... on the 8&lll0 pillnt moving at tho same tinuJ in ollposito 
diroctions. 

We h.:n'e now IiOOn that tho lcaflcta in the six genera of Ph a­
soole81 obscn'ed by us (with the exception of the primary loayes 
of I'luwxilw R<lZbttrg/,io) all sloop in the flame manner, Dllmely, 
by sinking ,'ertica!!y down. The mOTementa of tho petioles 
were ob6eITOO in only throo of those goner&. 1'hey I'OIlC in 
Centl'OllClM aud Phasoolns, aud sunk in Amphicarpm.. 

&phoro dirylO1>hylla (Tribe 10).-Tbo lealleta ri80 at night, 
and Ire at the SIlme limo diroct.ed towards the apex of the lear, 
as in AIi_pudica. 

Ca'lOlpillia, 1/1mV'/orylOll, OltdillChia, PoiIlCiaM.-Tho leaflet, 
of two &pecica or C!csalpiuia (Tribe IS) roae at nigllt. Wjtb 
nfn/l(l~lo" CamJ/CCllialitom (Tribe 18) the leallets mOTe for­
wards at night, IlO that their midribs atand pnra!!eJ to the 
l)Ctiole,n.nd their now vertical lower 8urfneca are tnrued out­
.... anb (Fig. 158). The petiole sinks a little, In GfedillChia, it 
we undcflltand correctly Duchartrc', dOllCriptiou, Ilnd in Pot!!-
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cialla Gilli~.ii (both belonging to Tribe 18), tho iea'I'UI bellav!) 
in tho lAme mannl'r, 

"g,I53, \P ~~ .. 

H~OJlyk- ('1I .. p«A ... " .... : J., b ... ""h during d';o'time; fl., bf'llllcb witb 
I.,. ....... I~l~ Nduct'd to two,third. or IIBlutal _Ie, 

CUM;" (Tril16 1 J).-Tho nyclitropio movcmenlll of tho JeavL'lI 
in IlUlny species in this gcnusare clOf)(llyaliko,lIudaro highly 
Mmpll'x, The,)' 1'I'l're first hrietlydCl!Cribcd byLinnreU8, and I'Iinee 
by Duchartre. Our obser vations ""ere made chiefly on O.flori­
MlQda - 3U(i eorym&.., but !leveml other ~ll('oCjl'fl were casually 
obIerrod. Tho horizonlally e:delHloo:l letUldJi IIink down verli­
C'lIily at nillhtj but not Jlimply, as in 10 many othf'r ¥E!nera, ror 
...ch l('t.tlet rotato!l on its own &XiIl,1IO that it, 10"'l'r ,urraca 
6aoetJ outwards. Tho upper llUl'facelof the oppo&iro IcaJletsare 
thus brought into contact with one another beneath the petioll', 
a/ul afO woll prot<:octcd (Fig, 154). Tho rotation and other moTe­
menta are olfeetoo:l by means of a woll-do\'cloped ])ulvieus at tho 
hue of each leaHct, lUI could be plainly 6CCn when a stmight 
IIU'COW l.Il lIt'k Iino had born painted ",long it during tllO day, 
The tllrO terminaiiClltlota in thod",ytiDlO includo Cftther IC811 than 
• right angll'; but thdr di,'crgenoo inc!'ell8Ol greatly whilst tile,)' 

-l am Inr()nnect by illr, Dyer neartoC.~<r. ltiUlO<tooht 
&bat 11., fk:utham bdie"eI that the_lDeutberonndewc,ibe<lby 
c, I~ (a ""mmon gteeu· Lindley e Dot. Ueg.,' '1'ab. 1422) 
...... bu.oh}f.ah1'brldrai,ediD uC,H~"""" 
r.-,aDdu .. , It CIOIJI.tavety 

2. 
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sink dOlll'nwardlJ and rotate, 80 t h.at they Bland Ill.lernllyat night, 
Ill! lIlII.y 00 !!OeD in the figure, Moroovcr, they lno\'c IIOmcwhnt 
hnckwllrds, I!O III! to poiut towll.lds the bMe of the petiole. 

t ....... <X>rfl"'oo.... : A, plant during day; 11, larue plant at night. 
Botb 6gurtOl oopitd rrom photog l1l ph •. 

In one ill8ln.noo wc fouud that tilC midrib of a terminal 
leaflet formed at night an anglc of 36°, with II. linc dropped 
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petlJelldieolarl,. (rom the end of tho petiolo. The IJOOOnd I'!fur 
0( leaHct. like';' moVN a little bllekwant., but 1_ than tht 
termioai JWr; aod tho thinl Il&ir mO"l'" .. "l'"l.Irtlealty do.nq.nI.s. 
or 1.1"1'"1.10 .. little furwards. Thul &I I the Iee.Hett., in Ih.., ll)EJCics. 
which bear only S or ·1 pa.irw, tend to (orm a lingle llft.Cket. with 
their ulmor lUrfllOOfl in contact, and their lowe:r ~lIrfaeoe t urned 
outwards. Lastly, tho main petiole rillCll at night, hnt \lith 
tea."I'"eIII of different Ilge8 to "ery different dOSJ'OOll, namely, 8<,rne 
rtlIle through an auglo of only 12", and othcl"ll u much all 41' 

e_ .... roll .... lltia.-The lea\"1l6 bear a large number of leafletll, 
which moTe at night in nearly the aame manner all jUtit 
dfIICrihed; but tho pctiolea apJllU1'ntly do Dot ri88, IlIJ.d on.:, 
whleh ... carefully ob6erred certainly fell 8". 

Ca 'u "·etb,,. ... u. - The chief difl'crenoe in tho nyetilropie 

Fi" 1M. 

p'" 

6. 

c ";'" ., A, _ppet put or plut dEU"i~,~Y; B, ..... pla"t 
.t ZIllhL Fir_ nd""",, r.... pIu. 

F ,,·, ..... tII of thl. 7IJlt'ciIl6, oomJ*n'ld with thole of the fomzer 
II dhl, oontizltl in tho I(!BOl.ltll not rotating nearly 10 much ~ 

2 B 2 

, 
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thcrefore Uleir lower slJrfllOOli face but little outwards at ni);!ht. 
The petioles, which during the day are inclinod only a little 
KOO"O the hori1.Ou,rillC at night ina rcmo.rkable manner,flnd 
~tand nearly or quito ,·crtictilly. This, together with tho 
dependent position of the leslletll, makee the~'bolo plant wou­
de-rfully oompact at night. In tho b'o (o~ing flgure8, oopied 
from photographll, the ... mo pl.&nt is n!1'l"CIlented awako aud 
a~Ct!p (Fig. 155), alltl wo 800 how different ill ia appearance. 

(.'(J#ia millw ...... d~.-At night tho numerous leaHea on each 
lcafrotataonthcir ax08,alldtheir tips move to\ll'ards the al)('x 
of tho 100(; they thus booomo imbricatod with their 10wH 
~nrfJlOB8 direciod. upwards, and with thoir midribs almOf>t 
Jlarnllcl to tho petiolo. ConllOquently, tlii, ~llOCiC8 differs from 
"II tho othCl1l seen by lUI, with the eXCOI)IiOIl of the following 
tille, in tho leaflets not liinking dO\ll'n at night. A petiole, the 
11lO1·emeDtof",·hichwl.8mt'88llrcd,lOIiCSe atllight. 

f'.u,ia Bamayaua.-Tho leallets of this Ausl.ralillll 8pooiee are 
numel'Olll!, ye!J' IlIlJ'!'OW, and almOlit linoor. At night tl]ey rise up 
alittlo,audoi80mo"otowaros the apex ofl holoaf. Forinstanl'O, 
two o])posite leafioUlwhich dil'erged from ono another during 
tho day at on angle of l().lo, diverged at night ouly 72"; 110 that 
(onch had risen 16° above its diurnal position. The petiolo of a 
)Ollng leaf I'OIlO at night 34°, and that of an older leaf 19 '. 
Owing to the s1ight movement of the leaflets and the coIUiider­
ablo mO"oment of .116 petiolo, the hll5h I)resents a diffcrent 
appearauoo at night to what it does by dBy; yet tho leanl6 can 
hanlly oolltl.id toaleel). 

The circwnDutaling movements of the loayCf! of C.jfflribunda, 
rilliianth(l ,!lndl,ubeocc-",wereob6cr"ed,cachdurillg throoor (our 
days; they wcroOllllClltiollyalike,tlH)6Cofthe llU<t-nainedS]IOCiCil 
being tho !iimpICllt. Tho petiolo of C. jfqrjblMJa woe secured to 
It lilick at the ba80 of the two tennina! leaflo\ll, and a IilaIDea' 
WM fixed along tho midrib of one of U1CW. I ts movements \11'_ 
trlU!ed from I ..... on August 13th to 8.30 A ... 17th; but thOllll 
during tho last 2 h. are alono giYen in Fig. 156. From 8 A ••• 011. 

{lch day (by whieh hour the lesf hod assumed iill diurnal )lOKi­
tiOll) to 20r 3 I'.M., it eithcr zigzagged or cil'(':umnutntod 0"' 

lICllrlytlleso,mOllJnnl1spaeo;otbctwoon2nnd3 ... II.tho~& 
e"elling fall commenced. Tho lines representing this fall and 
the ORrly morning rise oroobli'lue,o\ll'lng to t ho peculiar IllIlIlB(If 

in which tho leaflot, 810011, as already deecribed. After t_ 
1('8f1et Willi asleep at 6 r.M., ami whibt tho glaalilamcn& hue 
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perllen.tieularly dOWll. the movement of ita Apex WftIJ tl'l\C(l(l 
until 10.30 ..... ; and during this whole time it IT;ayed fronl 
!lidetositio,oolllllietingmorothnnoneellipr!C. 

RarJii"ia (Tribe 15).- Fif. I~a 
Thellyctitrol)icmovomcnts 
ofrourapocieewcrealike, 
and wcro highly petlulill.r. 
A plR.nt milled from seed 
!lent lUi from Soulh Drazil 
by Fritz lIUl1cr,wlI8 more 
especially obeerved. The 
1eAveaarelal'geaml doel)ly 
Dotch« 1 at theirouds. At 
Dight the two IUlJvCII rise 
DI) and d08C oompletely 
tog(!ther, like the OI)po6ite 
1.'flfiet8 of lIIany Legumi­
DOIiIC. With vcl'Y young 
pllntathepelioJoari.I!Coon-
siticrabJy lit the84llle time; 
one. which 11'118 inclioed lit 
noon 4{i° R.OOVO tho IlOri · 
WD, lit night 8tood at 7{i~; 

it Ib,. - 80", .,otl,,, A )'i 1'080 3,i0. Whilst tile two 
haln'J8orthelooral'6eI06int1. 
the mi(irib at fif'llt sinks 
l't:rtieally dowllwarus Ind 
afll:orwards bonds back. 
1l'!It'd8, llOlIIto l_eioee 
Ilong one !lido of il8 OW'll 
upwardly ioeiined petiole; 
the midrib being thus di· ./ 

:e~~ !~:~~~t~h;l~~:~g~~ ! / 
"'hieh the luidrib formed ,: / 
with the horizo!l was mea- !./ 
lIUrOOinonoOOl!6atdif. I 

fereot hours: at !loon it stood horizontally; I_to in thoel'cn­
iug it deptl-nded \'erticaUy; then l'O6O to the Ol)posite side, and 
It 10.15 P .•. 8100d _i only ?To benelth the horizon, being 
directed towards tho stom. It had tbM tra\'elled through 153". 

©The 
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Owing to this movement---to the leaves being felded-and to 
the petioles rising, the whole plant is till mudl more compact at 
night than duriug the day,8./j a fastigiate Lombardy poplar is 
oompsrod with any other species of poplar. It is l'\!markab!e 
that whon our plants hoo grown a little older, viz., to a height 
of 2 or 3 feet, tho petioles did not rise at night, and the midrib6 
of the folded leaves were no longer bent 00ck along one Ride of 
tbe petiole. We have not iced in IIOmeother genora that the 
petioles of "cry young pl!lntll rise mnch more at uight tOOn do 
th0S6ofolderplantll. 

Tamarirnlus Indiw (Tribe 16).~The 10080111 approooll or 
lllooteachother at night,and aro all directed towards the apex 
of the leaf. They thus become imbricated with their midrib6 
parallel to the petiole. Tho movcment i.s e1011Cly similar to 
that of H!Cmatoxylon (ace former Fig. 153), but more striking 
fromthegre&ternumberoftheleaflet.s. 

A<kn.anth<':Ttl, Prwopis, and Neptunia (Tribe 2O).-With Ade­
nan them patrQllia the lcaflol8 turn edgeways and sink at night. 
1n Prowp" they tUrn upwards. With Nept.mia olQ'MtfJ the 
leaflelll 011 the oppolliw sides of the l18.JI\e pinna come into 
contact at night and are directed forwards. Tho l)illllfU them­
I!Olvos move downward!:!, and at the Mmc time backwards or 
towards the slem of the pl!lnt. The main petiole ri8C6. 

lIIimow pudim (Tribe 20).-This pln.nt has been the mbject of 
innumerable observations; but there are somo poinl8 in rela.­
tion to our subject which have not been Bufficientlyattended 
to. At night, 1\8 is we1l known, the ol>posite Iw.fletll come into 
contact and point toward!:! tho B]lCX of the leuf; thoy thus be­
come nestly imbricated with their upper surfacea protected. The 
four pinn!\'! also appll>&Ch each other el0S6ly, and the whole leaf 
ill thu8 rendered very oompoot. The main petiole Rinks down­
warda during the day till law in tho evening, ILnd rises unt il 
\'ery early in the morning. Tho stem is continually circumnn­
tn.ting ILt a rapid rate, though not to a wide exwnt. Some verl 
ycung plant/l, kept in darknCS8, wore observed during two days, 
and although subjected to a ru.the r lowwmperatureof 57°-.')9" F ., 
tho stem of one described four !IlDall el1ipl!Cll in the course of 
12h. We shall immediaroly soo tllat the main petiolo is like­
wise continuruly ciroumnutating. as is each I!Oparate pinlUJ, and 
eIlchl!Oparato leaflet. Therefore,if tbemovement olthe apex 
of anyone lellflet were to be trneod, tho course described would 
be compounded of the movemontil of four separate parts. 
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A filament had been fixed on the previau. evening, IOD,p­
todin&lly to the main petiole of a nearly full-grown, hi~hly­
lI(!.aith-e 1M! (four iuebc8 in length), the Item having heel! 
lJeeured to a slick at its bILlIe; and • tracing was made 011 a 
.. erti~81 glllllll in the hot-house nuder . high temperature. In 
the figure given (Fig. 157).lh& 
first dot WII3 made at 8.80 A,X, Fi,. 151. 

Augllst 2nd,IUldiho Iastat7 ~~ 
fH.onth(l~rd. Dllring12h.on 
the !l.rstdny the Iletiolemoved 11 
thrice down\\'arda and twice 1 
np" .. arda. Within tllO IlnIDO ..J: '\ 
It:ngth of tillle on tl18 second rnu ..... .k ,~' 
day, it moved fivo timee down-
'OnU and four tiIOOll Up\llllrus. I 

~gt~OOII~~ =c~~:~ I,'... .. I 
petiole mallifelltiy circumnu- , . 

~~~!~l!:tri:C:~gr:~ 7'aT_.YII [. 

uaggcmtionofoncofthccir. 
CUllUlI1tntiOI1F1. It should, how-
6ver,heoblJcrvcdtlmtthc )l&­
liole fell milch lower down in 
the c\'cninga than oould be 
8l'enOllthOH!_rticnlgJ.nssoria 
ft'1't't'8Cntoo ill the diagram. 
After 7 P.lI. 011 tho8rrl (whell 
the last dot in Fig. 157 WM 

made)the pot was CIlrriod into 
.hod-room,amlthelleUolewas 
found at 12.50 .1..11. (i.e. after 
mldnight)atanliillgalm08tup-
riglit, 11011(1 much more highly trp.m.:J~1'-.... '7fI 

~~~~ill~~I:~I~~~.: ~~.~~ J/':;:li!'~~ ~o~:~ue~::~~~:D;: 
4 A.X. It had heg un to fall, and tiolo, tn.otd daria&: 34 h. 30 m. 
ooIlHuuodfallilLgti1l6.l5A.X., 
after whiell hour it zigzagged and ags.in cireUffillutllted. Similar 
ol1!ernllion. were made Oil another petiolo, with IlCMly the 
aamerNult. 

On t'll"O other oee&IliOIlll tho ffiO\·ement of the main petiole 
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'IfJIII obBcn1ll1 every two or throe minutce, the planta being kept 
at II. miller high temperature, Tiz., on the fim occasion at 
77~-81· F.,8lldthe filament tben deeeribed 21 ellip&e8 in 69m. 
On the IIOOOnd OOO&IIiOll, when the temperature ., .. IUI 81°--86° F., 
it made mther more than 8 ellillllell in 67 lit. Therefore, 
Fig. 157, though now su.ffieienUy colllplex, woulrl have heen in­
comparably more 80, if dols had been made 011 the gl9088 every 
20r8 miullleII, illstoo.d of every hOlll or half-hour. Although 
the main l)(ltioie is continually and mpidly desc.ribing small 
elliplle. during the day, yet after the great llooturllal risiDg 
monlment h!l./l commenced, if dota are mado overy 2 or 3 
minuw., III Will done for an hour between 9.80 and 10.30 P JI. 

(temll. Sio .'.), and the dols are then joined, an a1mOllt abo;o­
lutelyalmightliue is the re&ult. 

To show that tlle movement of Ule petiole ill in all proba­
bility due to the varying turgeeeenee of tile Ilul'linlls, and noi 
togro""lh (in aooordanoo with theeonelulliolUorl'feifer), avery 
old leaf, with 80llIe of its leaflets yellowish and hardly at all 
seusiti'·e,was 8eicctedforobtiervalion,8nd tile plant Wl\!I kcpt 
"t the highly fa"ourable temp. of EO" Jo'. 'l'he petiole fell from 
~ A.M. lilllO.lii Uf., it then I"O!!(ln littlo in " aoruevdlllot zigzag 
line, often remaining stationary, till 6 I· .•. , whell tho great 
ovoning fnll collunen .. ed, which Wl\!I continued till at least 
101' . .'ItII. lly7 ,4..x. on the follo,,·ing ruorning it had risen to the 
NUllO lo,·el 118 011 the preriollll mOl"lliug, nlld thell dellOOndod in 
a zigzag line. But from 10.30 UI. till 4.16 1' .•. it relWlined 
alruoBt motionl_, all power of moveruent being now 1000t. The 
IlCtiole, therefore. of this very old leaf, which must have long 
ooaaed growing, moved periodically j but in.lliead of cUellIl1-
nulating IOveral times dnring UIO day, it moved only twioo 
down and twioo uJI in the COttnKI of 21 h., with the ascending 
andd0800Uding lines llotcoinoident. 

It has alroady been stnled Ihnt the pinllllllllove independently 
oflhe UlninJlotiole. TheJlotioleofn lenfwllo8 ftxedtoaoork 
MUPllOrt,elOlCwtliCJlointwhcncollwfonrphlllrodiverge,with 
II. short fine filnment cemented longitudinally to one of the two 
tcnDinal pilln,", lind 110 graduated 8emieircie was 1)1aced. c\0I!8 
heuooth it. By looking "crtica1ly down, its .ngnla.r or lateral 
mo'·cluen13 could he llIe&Ilurod wilh aoouracy. 13et,,·een nOOh 
lind ·U5 ...... Ule "iUlIA changed ita position to one side by only 
P; but not oontinuolllliy in the lI&IDe direction, lUI it UlO,ed 
fonr tiWC8 to ono llide, and three timca 10 the ol)posite side, 
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in one instance 10 tho extent or 16°. Thle Jlinon, therefore, 
cireulllllulatOO. Later in the e ... ening the four piunle approach 
each other, II.nd tile one which W"IUI o,*rTOO moved inWlI.roll 
6~ behroon noon Rod 6.45 P.X. Ten obl!ermliODII ""ere made 
in the oourse of 2 h. ~ ill. (liot average iuterVllols of 14 m), 
between 4.25 and 6.,15 p.x.; and there WAIl now, when the leaf 
""M going to slcep, no BWflying from Ilide to Bido, but & steady 
inwllrd IllOyeUlont. IIcre therefore Ihere it in Ihe e\'eninglhe 
wue convcrsion of a circumnutating inlo II ~toody nIO\'runent 
in onediroction, 11.8 ill IhoclI8e of the main petiole. 

It haa aI!o been sillted that each I!ep4mto lcaDet circum­
outatOll. .A pinna "'11.8 eement(d "'ilh shelloo 011 the ~ummit of 
a little atiok dri ... en firmly info the ground, immooiately beneath 
• pair of leaHels, to the midriba of bolh or ""hicb CXCC6C!ive1y 
fine gra. fiI&meots were attached. Thill lreatmcnt did not 
il1jure the leaHcts, for they 'll""ent to slcep in the usuaJ. ma.nner, 
aDd 10llg retained thcir IICrailivcnCf;il. The ffiOVCDlClits of one 
or thoro wcre trncOO during 4!1 h., as sllo",'11 in l!'ig. 158. On the 
fil1:lt day the leaflet Slmk down till 11.30 ~.X., and thcll toile 

till IlIle ill tho cvcning in a ii':igzng line, illtlieating cirellm­
l1utation. au the lIOCOud da.y, whcn more accustomed 10 ils 
new stuto, it oecilla.ted twice up aud twice down during the 
2t h. 'i'hia plaut WII.8 subjceted to 110 mtherlow tempernture, 
viz., 62"---G4-° F.; had it been kept wanncr, no doubt the move­
ments of the looflet would ha. ... e been much more mpi{1 and 
oomplitatotl. It lII&y be seen in the diagnun thnt the ascending 
and dClJC<!uding !inee do not ooincide; but tile large amount of 
lateral movement ill tile evening u. tho nlIIult of the leafJels 
bending towards tbe apex of tile leaf whell going 10 tlcep. 
Another looflet ""lUI CWiWllly observed, an(1 found 10 be oon­
tilloally ein::umnutating during the 81\1D.e length of time. 

The circumnul4tion or the leavOl:l i6 not dClitroyoti by their 
~ing .ubjccled to modemtcly loug conlil1uotl t1nrknel!ll; but the 
proper pcriO(!icity of their movemonts ia 10111. &mc vcry young 
BeOdlin,L,'8 were kopt during two days ill thodnrk (tomp. 57°-590 

E.), excopt wholl the circumnuta.tiou of their slema WIUI occa­
&jonally o'*ncd; lind on the e"'ening of tho IlIICOnd day the 
Ieaflel3 did lIot fully lind properly go to stcep. Tho pot WIUI 
then JllaeOO tor tln'OII days ill II dark cupboard, under nearly the 
_e temperature, ami at the 01080 of thia period the leafJel8 
IIhowed no aiil1\a of .sicelling, and were only Slig;ltly ,,"sitive to 
• touch. On the following day the /item "'ae cemented to a 
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stick, and the movementa of two loo\'os were tra.eo<l on II. 'l"c rticai 
glass during 72 h. The pllJ.nts wcre IItill kept in the dark, cx­
cepting thlJ.t fit each observation, which ]a.sted B or "- minutca, 

Mi_ pwdj,:~ : droumDutatiQn and nydilropj~ mOl"ement of • leAflet 
(with pinna _urOO),t~ <>II. l"uti ",,1 gl .... , from 8A.lI.. Sept. 14th 
to9 A .•. l (J lh. 

they '\I'ere illuminated by two candles. On the thinl day the 
leaflet8 still exhibit«l a vestige of sensitiveness when forcibly 
prcR.llod, but in the evening they IIllowed no signs of sloop. 
Nevertheless, their petioles oontinuod tocircumnutate <listinctly, 
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allhough the proper order of their movemCllts in relation to the 
day and night was whoUy lost. Thua,oue leaf de&OCnded during 
the first two nigh18 (i.e. between 10 P.lI. and 7 A.)I. next morn­
ing) ins!.cad of aIIOl'lIding, aud on the third night it moved 
chiefly in a lateral direction. The 8eOOnd 1<*1 belunod in an 
equally abnormal minner, moving laterally during the finlt 
night, d0800ndillg greatly during tile I!COOlld, and asoonding to 
an unusual height during the third nigh!, 

With Illnnts kept at a high temperatura and Cl:JlOI'IOd to the 
light, the mOllt ropid eircumnnlAting movement of the apex 
of a leaf which Was ob6crved, amounlod 10 m of an inch in 
one fICCOud j and this would have equallod i of an inch in II 

minute, had not tho lcaf oet'IISionally slood still. The actual 
~IOO Ua\'cllod by the llpex (&II uoertainoo by • mOBl!lll"e 
p1aood cloeo to the leaf) was on one occasion n()lU"ly t of lID inch 
in I vcrtical dirootion in 15 m.; andOD another occasion} of lin 
inch in 60 m. j but there W/III IiIIlO IIOme lateral movelllent. 

.lIi_ alb."da.·- Thelca\"e8ofthis plant,onoof wbich is hero 
f.gurod (Fig. lCi(}) roduccd to f of the naturailizo, pmlCnt IIOwe 

Fig. 159. 

in t.crosting pocnliarities.. It consists of a long ))Cliolo bearing 
only two pinnm (bcro reprel!Cnicd &/J I'1lther moro divergent 
than ill DllUsl), each with two p&ira of loo.flels. Dut the inner 

ua:h!~il~l:::!!t:n~ti<:= :;:o~lh~~~·o~~~tr~lw,~ 
... tent to '" t'rom Ke.) "I'OD- 1DOai. MmDl(Ml ly rep~DtI the M, 
Iidcnxlbr Mr.&otbam{'Trao! . .".,..h· ... OrOurgv.rdeD •. ~ 
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I_I lestlcill are greatly reduooo:l in size, owing I)roba.bly to Ule 
want of space for their full devclormeni, 10 that they may be 
(lOn~idered 1l.iI ahnOlit rudimcntary. They vBry fIOmewhat in 
lIize,and both OCCMlonallydillapperu-, or olllyone. Neverthe--
1C8l1,they are not iu the IC/l.St rudimentnry in fllllclien,fortiley 
are IICllIjitive,exircmelyilcliotropic,cireumnlltnte at nClLI"lythe 
_me rate as the fully develeped leaflets, and MlWma wheu 
asleel) exactly the .me position. With AI. pwfica the inner 
leaHel8 at the t..toe and bet-ween the pinnl'!) are liie",ilMl much 
ehortened and obli'lul'ly iruJleated j thill fact "'"all well !!CeQ in 
flome IM.'edlizq;tl of ,lJ. pwlioa, in which tile third leaf IlboV6 the 
cotyledons bore only two pinDm, each with only 3 or >l paiI'8 of 
leatJelB,of which Ih6innerbll.salolle WIUIlell8 thru\ half Q.S long 
as itsfeUow; 90 that tho wholo loo( resembled prettyclOlll.'ly 
that of M. albida. ill this Jatter S]Jeciea the ll~in petiol .. termi· 
natee in a little point, and on each side of thi8 there ill a pair 
of minnio, flattened. laneet·,haped projeetiOIlll, hair,. on their 
margin8, which drop 011' and disappear 800n after the leaf is 
fully dovoloped. There can h&l'd.ly be II. doubt that thcso little 
projections are tllC Il\8t "nd fugacio1l8 reprc&Cnlativea of an 
additional pair of leaHel8 to each pinna; for the Oilier one ill 
twioo as brood as the iunerone,lIolld a litUe longer, vi~. Thof an 
inch, whilst the inner one i8 only n! long. Now if the bll8a1 
pa.ir of leaflets of the exi~tingloaves"'·ere lobeoome rudimen· 
tary, 'We should expect that the rndiments would still exhibit 
fIOID6 tr&c6of theirpn'llCnt gnw.t inequalilyof li,..o. The con-­
elusion that the piumo of the parent·fonn of ,If. albid41101i!1!01!!11Od 
at least three pRin of leaflets, in~tood of, lUI at pro:tent, only two, 
is IlII)lportoo. by the structure of the lint Irllo 168.f; (or thil 
oollSiats of 110 simple potiolc, often bearing throopllirsof lcaileu. 
Thia latter fact, lUI well lUI tllO presence of tho rudiments, both 
lead to tho oollcillsioll that M. albida is deI!CCuded from a form 
the leavea of which bore more than two pa.il"8 of leaflct& The 
IJOOOnd leaf ahove the ootyledoQS ro:tembles in alll"OllpOCtslbe 
leaveaonfnllydoveloped plantll. 

W'bell the lea.V('!8 go to 8leep, each leaBet twim half ronnd, 
80 /Ill to preeent ilf! oligo to the tonith, and oomes into elOl'le 
oontact ,,·ith its fellow. The pinlU6 al90 approach each other 
cloeoly, 90 that the (onr lennllllLl leafleUi OOlile together. The 
largo ba.so.lleaHets (with lhe little rudimeutlLryOIl(,1in coniaet 
with them) move inwards an(1 forwanis,90 /Ill to embrace the 
outside of the united. termina1l~ts, and IIIIlII all eight 1ea6eUJ 
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(the rudimentary oncs included) form togothera siDglevertical 
packet. 'l 'ho two pinIW at the llamo time that they IIpJll'ORCh 
each other sink dmnl1unls, and thUIJ instead of extending hori­
lWotal1y in Ule III'me line "iUl tho main petiole, as during the 
day, they depend at night at about >l.Co", or eyen at f1. greater 
I.ugle,beuooth the horizoll. The movcmont of the m.nin petiole 
IleeIllS to be variablej we IlIl,\'e seen it in the eyening czr lower 
thaD doriog the day j bui aometilDca in nf»,rly the 8&IIIe \lO&ition. 
Ne~rthelell8, a sinlring mO"ement in lho evening aud a rising 
one during tho night is I)robably the Donnal course, for this 
1\'118 woll-marked in the l)I"tiolo of tho tlnt-fonned truo 1000f. 

The circumnutntion of tho main pi.'tiole of a young IC$f Wllo!:! 

traced during 21 daye, and 11'118 considetablo ill exteut, but less 
oomplex than that of M. }'tfdiw. The movement WIUI much 
more latCl'II1 thnn is U8tml with circulDnutatiug lawes, and this 
""48 Iho solo peculiarity which it Jll"Cllenl€d. T ho apex of 
ono of tho tOfminalleafiot.s Wall socn undcrtllG micl'Ol!COJlo to 
tra'l'e1 n of all inch in 8 millutca. 

Ali".,._, 'III(IrgilWta.-Thoopp06itel~-aO("tIo rill(l ul'I\I1.1IlJlI'l'ORCh 
et.Ch other at night, but do not come into cloee oontact. C:loept in 
tho CMe of very young leafte18 011 vigorous shoots. Full-grown 
loafteta eireuJUnutato during the day ~lowl'y and on II. amnllllCllle. 

Sdm"J..ia unci"ata (Tribe20).-A leaf oonaiBte of two or three 
r-irs of Ilinnre, each hea.riug many small leanets. Thcee, wben 
the plant is/Ujlc.tp. are directed forwarda loud beoomo iml,ri('8ted. 
TIle auglebetwoout\le two terminal pinnoo1\'/Uj dimini_hod at 
night, inone case by 15°; and they Mnk flhnOfit "erticallydown­
",·.rds. The hiudcr pain of J)inrue 1iJ;.cwise sink dowllwards, 
hllt do not cou\'erge, that i~, m01'e towards the BIleX ofthl,lleaf. 
The main \lCtiole doetl not become dep~, at least during the 
en:ning. III thilllatterrel!ll!!d,lI81\'ellasintheainkingofthe 
piUUlC, the\'(1 is a TDllrkoo.t differenoo hctwccII tho llycti1ropic 
mo,.ement~ of tlle present p!ll.II.t and of Niw_ 1,,,,U'a. It 
.lIould, h"wc\'cr, be addOO that our sllK'im"n 11'118 not in a very 
lig"f'OU8 oomiltion. Tho piulllU of .xAmllk04 a.nU(IIlt" au.o sink 
at uight. 

_1(:a(:ia rarnflil"''' ('l'ribo 2"2).-Thc difT~rent fll )pcnmn('o I)re­
"",nled by " bU!i.h of tillS plant when asloop and awako i6 wou­
derful. The MIll61eaf in the two 6latl."ll i~ ",holrn in the folloll'ing 
IiKUre (Fig. lro). The leanetll mO'l'e toorams tLe aJIC.l of th6 
plnna and hecome imbricate-I, and the I'innll,l then look like loil.8 
of dangling string. The following rcmorks and IUClUlurcmeuts 
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do not fully apply to the .mmll leaf here figured. The pinnw 
move forwards Rnd at the !!Rille time sink downwards, whilst 
the main petiole ri_ oonaideral>ly. With respect to the dogroo 
of movement: the two terminal pinnm of oue specimen formed 
togotheran angle of 100" during the day, aud at night of only 
38°,110 each had movoc:l31" forwards. The penultima.re pinnm 
during tho day formed together nu anglo of 180", that is, they 
slood in a 8trnight line oppoaite oue nuother, and st uighteach 
had moved 65" forwards. The bAAal pairofpinnmwere directed 

B. 

Acocta F"""", i<ma: A, \u fduring the day; B, the ... me leaf at night. 

during the dny, each about 21" backwards, and at night aso 
forwnrds, 110 each hlld moved 590 forwards. But the pinnal at 
the !!Rme time sink greatly, and somotim611 hang almOllt perpen­
dionlarly downwards. The main petiole, on the other blind, 
riae6 much: by 8.30 P.III. ono stood 84° higher than at noon, 
and by 6.40 A.M. on the {onowing morning it WRI! still higher 
by 10"; shortly after this hour tho diumal sinking move­
ment commenced. The course of a nenrly fnll-grown leaf was 
trnood during 14 h.; it W88 strongly zigzag. aud appnrcntJy 

I W rk f rwin nli 
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repreacntOO five el1il_, with their longer 1U0il dJffcrQlltly 
d.iroctod . 

.A.lbiuia Iup/lQN/lta (Tribe23).- The loofletlJ at night oome into 
oontae' with ono another, and are diroctOO toorardll the apex of 
tho pinna. The pinnro ~pproacll ono another, bnt remain in tho 
l!8llle plane M dnring the day; &nd in this rcepect they differ 
much from tboee of tho above Schrankia and Acacia. The main 
petiole ri_ bnt littlo. 'fhe fil'llt-fomlod leaf nbove thoooty· 
ledollJl bore llloo.f1ela on each 'ide, and thetlO 8lept like th08(l 
on the 8ubilequently fonned l(lll.vOII; but the petiole of thiB first 
leaf Willi CllI'VOC) downwnrdll during the day and at night 
st..raightenocl it.&olr, 80 thnt tho eherd of itlJ a.ro Iheu stood 16° 
Wgher than ill tile day·time. 

MdlJ_ t:l'im'jol.ia (Myrtaoete).-According to Bouche (' Bot. 
Zeit.,' 1874, 1).859) tho loaveasloop at night, ill DCfIl'ly thoMlllo 
manneraa thOl!l(lofoort..in llpeeies of Pimeiia. 

(E'fIl)(h ..... mol.liuirna (Onagraricoo).-According to LinnEUS 
('SonUlUs P[alitarum'), the leavOll riso up vcrticnlly at night. 

PIU1ij/()t'a !J'UCili. (PassifionloClIl).-The young leaves sloop by 
their blades hanging vertically dOWIlwardll, and tho ... 'hole length 
of the petiole then boooruCB somewhat curved downwards. 
ExternAlly no trace of a l)\IhillUIl can be seen. The petiole of 
the uppennost loof on a young ahoot stood at 1O.~5 A..lII. at sao 
above tho horizon; am) at 10.30 P.lII., when tho blado Willi vcrli· 
caUy dependent, at only 15°, 110 tho petiolo had fnllou 18". That 
of tho lIut oldor leaf fell only 7~. From IIOIllO unlrn01m ~UllIO 
tho lrovea do not al"'aJ" 1I1oollproperJy. The stem of & plant, 
"'hieh had stocxl for IIOUle timo before a north-ct\l!t wiudow, was 
IICCUrOO to a Btick at tho OOM of a young loof, the blade of 
"'hich "'IUl indinoci at 4()'> below tho horimn. From itlJ position 
tho lrof IlIId 10 be viewed obliquely, oousoquently the vertically 
ascending &ml dCllCending mOl'Olllenta appeared when traeecl 
obli'lue. On tho finlt day (Oct. l~h) the leaf dC!lCCndod in a 
~iltU\g line IIntii laUl in the evening; and by 8.15 A..H. on the 
13th had neen to nClU'ly tho lI8llle lovel as on the I)revioua 
morning. A ne .... lraeing WaH no .... begun (F'i~. 161). The 
loaf oontinued to riso unti l 8.50 A.B., then movOl.I It. little to tho 
right, and afierwa.rdJs dOllCendocl. Betwoon 11 '\.lI. nnd 5 P.X. it 
cirenmnutaloci, and arter the latter hour the (n'OOt nocturnal 
fall oommelleed. At 7.15 P.M. it depended vertica.l!y. The 
do\loci [ino ought to luloVo boon prolonged much lower dol1l'Il in 
the figure. Dy 6.50 A.lII. on tho following moming (14th) tho 

© The Comolete Work of Charles Oarwln Onlf1e 



384- llODIFLED CIRCUi\LXUT.\TIOX. CHAP. HI. 

loof!wl rilleD (Ufl&tly, and continued to ri., till 7.50 .1..1, afier 
which hour it redl'l!Cended. It 8hould be oblJernlil that theline& 
tmood. on this &eCOnd morning ,,"ouM have coincided with and 
oonfUlKld thOBe )lnn-ioIl81y traoed,IULd 1I0t tile IlOt been slided 
a "ery littlo to tho left. Iu tho o"coing (14th) a m8rk ""Ill! 

))Iacod oohind Iilofiinmcntll.ttaehod to thoapel of theica.f,and 
ita 1l10l""OlllOnt Willi carefully IrncCld from 1) I'.M, 1010.151'.1[. 

~'ig, 161. 

P_;lo"" go" '~il": d ...... mnut •• i~1I .Dd uyctltroptt mo .. tmeut or l..t, 
t.--l on ~~n;",,1 ,1Ma, from 8.20 .... )1.0.:., 13th to 10 .... 1Il.. 14th, 
~';ru" redU<N 10 I_o-t.hird,orori,ilLal.eaJe, 

llotwoon 5 81lrl 7.15 P.lI, the leaf dC800mlod in a atr'aight line, 
Ilwill.t tile latterhOllrit appenl"O(l "ortieally(lepcndeut. But 
hotwoon 7.15 ami 10.15 1'.11. the line conai/lied of 8 6uCCCllSion 
of slollll, Iho cause of whieh wa could not nnd(,r1Iiand; it Willi, 

howoY<.:r, rnBnifoat that tho lIlOYement 11"11.3 no longer a simple 
dosccudiugone. 

Sw.JUbfckia orinltali, (Compollihll).-&me i!IOOdliugs were 
raillod in Iho middlo of wini(>r aod kept iu tbe 1Iot-hollll6; they 
f1ow<:.J"'Cd, but (lid not grow well, aod their lean.'!! no\'er s1l0\\""00 
8Uy !ligna of ~lcep. 'Che lea"~ on other MlIldliugs raised in M8l 
w~ro horizontal lit nooo (Juno 2'20(1). 8ud dellCudcd at 8 conai-

, Th f h rles. arw a . e 
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derable a~le beneath the horizon at 10 P.lI. In the case of four 
youllgish IQII,YeII, ... ·hich were from 2 to 2~ inches in length, 
these anglOll were found to be 1iW, fiti°, 000, fmd 6.5°, At the 
cndof AngUllt, whon tho plants hadgroWll to ahcightof IOton 
inches, the younger lca'·f)8 ... ere 80 much curved downwards at 
night that the, might trull be w(! to be 8I!I(!oCp, This i. one 

.\"ioGItj~lugl{.OfiJ: Iboob .. !th le ... eoupo.ndfd dgr!Dg the day, and .. J .. p 
atn!ght. FiKurtlO;Ol'ifd{roml'hotl>&:rapluo,.~d~uced. 

of the tipOC.iOl which must be ·""1311 illuminated during tho da,. 
in order to sleep, for on two OOCMionB when plants were kel)t 
al l day in a room with north-«l.6t willdo\ll'8,the IcavOl'l olid not 
alocp at night. Tho emne caU80 1)l'Obably lICOOuntH for tho 
U.Vf)8 on our aoodliu~ raiaod in tho dl.Bd of tho winter not 
akIc,»Ilg. l>roreso.or l>fclfer infOl'Jlll us Illat tho h!a\'f)8 of 
aDOther spociea (8. J_lI'lUi'?) hang vertically down at uiglIt. 

~ C 
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lpomQffl CfUUlea and pul'pUrea(Convolvnlaccro). -The loovC$on 
"ery young planta,a foot or two in height, Ill'C depre!jijO(J at night 

to betwoon 68° and roo 
benroth tho horizon; 
and IIOmo hang quito 
vertically dO,,"'1lward!J. 
On thofollowiugmorn­
ing thoy again rise into 
a horizonlal position. 
Tho petioles beoomo 
at night downwardly 
enn'ed,cither through 
their entire longth orin 
tho uJ)per port alone; 
and this apparently 
en.uses tho depression 
of tho blade. It_IllS 
neocssary that the 
looyes should be well 
illuminated during the 
day in order to sleep, 
for tbose which stocxl 
on tho back of a plllnt 
before a north-east 
window did not sleep. 

Niwliana labacum 
KlJ)'I1.mJ:1!. (vnr. Virginian) and 

glau.:u(Solnncro).-The 
yonng lw.vOB of both 
these speciea sloop by 
bendinh vertien.lly up­
wards. Figu1'C8oftwo 
shoota of N. glallhl., 

Ni<miaJoatabocwm, cireumnutatiollandnye. 

:!~;r~~ ~r~meo".::f ~~~~l(:i:~: 
~ P.lI.Ju\!,ll)tll 1.08.10 ...... 13111. Apu 
ofleaf4 incheo from gl ..... Temp. 171c_ 
IS,c C. FIgure .... duced to ,N",.II.lf 
originalOClll~ 

awake and asleep (Fi~. 
162),arogivcnonp. 
S85: one oftheshoot@, 
from which the photo­
grapilswcretaken,wt18 
a.ecidenlally bent toone 
side. 

At the ba.seoftho pcuoleof N.laOOcum, on tho outalde, llK-re 
-is a maSH of oo\ls, which are mther smaller than elsewhere, and 
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have their longer P,J:CII differently directed from till) cellI! of Ule 
pil'CDChYllla, lInd may therefore be considered .. formhlg a !!IOn 
of pulvillu", A young plant of N. 4lba«i1llo WM IIClceted, and 
the eircumnutatlon of the fifth leaf above the cotyledons WII8 
obeervco:lduriug throodll.Y'" On the fint morning (July 10th) 
the leaf fell froUl. 9 to 10 A.)l., which is illl norma! OOUI'8C, but 
rose during tho rcul8inder of the day j and this no doubt was 
due to its being illuminp,tcd exclusively from above; for properly 
the evening rillC doos not commonoo unlil8 or 4 I'.H. In the 
figure &.Ii gi\'on 011 p. 88G (Fig. 163) the first dot Wal mado at 
3 l'.lI.; and the tmcing WlUI continned for tho following 65 h. 
When the ICllf pointed to the dot nut abovo tlmt Ill8rked 3 P.lII., 
it stood hori:wntally. The tracing is remarkablo only from its 
aimplicily and the etraightllO!!6 of tlw linea. Tho leaf each day 
dcricribed a ainglegrcat ellipee; for it sbould be obllorved that 
the IIflOOnding and deecending linea do not coincide. On the 
evening of Ule 11th tho leaf did not dcecend quito I!IO low as 
1UIual, and itllOw zigzagged alitUc. The diurnal sinking mon'­
ment had alreadyoommenood eMh morning by 7 A.lI. The broken 
lincs at the top of the figure,rcprescnting the noetunm\ "orlical 
peIIition of the IMr, ought to be prolollgeo:l mnch higlllll' up. 

MiroJJilu longijivra and jaktpa (Nyctaginero).-The lint ))8ir 
or loov08 abovo the ootyledons. produced by IlOC'dlingll of both 
thOllO .llpociOl, were conlliderably divert."llllt during the day, and 
at night .IItood up verlically in elOll6 oontaet with ono !mother. 
The two upper Jeav08on!m oidereeedling ",.ere almost horizoutal 
by day, and at night stood nJ) vertically, but were not in clOfl6 
contact, owing to the rosistanee offered by the central bud. 

P oJiW""HA a~kula,.. (Polygonero).-ProfC8llOr Hlltalin informs 
1UI thllt the young JcavCfl rise up vcrtically at night.. This is 
likewise tho caac, aocording to LinIUeUJi, lI'ith 1IC\'erol 8pecies 
or "'mar4Olt"~1 (AmlU'tmth&OOlll); IIond weobscn'ed a 810(1) mOTe­
ment of this kind ill ono member of the genu... Agp,in, with 
ChttlopWium «Ilium (Chenopodiero), the upper young loo.\'CB of 
lOme 8oo:llingll, nbout 4. inches in ilCight, were hori7.ontal or 
!1l~horizonml during the day, and at 10 P.lf. 011 March 7th 
lI'crequite, or alm08tquite, vertical OtllereoodlillgllraillCdin 
the grocnhoU80 during tho lIrinter(Jan. 28th) were obielYed day 
and night, and no differenoo could be pcrocil'ed in the position 
ot their 100"08. According to Bouche (' Dot.. Zcituug,' 1874., 
P. 8:J9) the lcaTce of Pinu:lia liMJida and -Ji«laMu (ThymeICle) 
Ileepatnight.. 

2 C 2 
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EUl'horbi4 j'rf/t'i,,;(f'j1ora (Euphorbi.o.cclO). - Mr. Lynch 
ClJ,lIod our attention to tho fnct thnt tho youn~ leavC6 or thi" 
plnnt ~1C(>p hyrl('pcnding vcrtiClJ,l1y. Tho thiJ\lleaf from tho 
KUlllmitQful'l)h lIth) W/l.tl inclined during the day 30" beneath 
tho hori7.on, amI nt ni~ht hung vertiCil!].)' down, M did llOme of 
tho still yonn~r loov(l!l, It ro..o up to ita form ... r lovel ou tIle 
f,)l1o'l\;ng mornin~. Tho fourth and fifth leave. fJ\)lll tho summit 
stood horizontally durin~ the dllY, and l!8uil: down at night only 
~'i'. The sixth ]('I\( di.1 not sens»)ly filter ita IJOSilion. The 
.. inking m<lvcm('nt ill due to tho dOWll1mrd cunflturo of tllO 
petiole, no ))IIrt of which exhihits any ~tructllro like thnt of 
,\ pll]viIlUS. Early on the morning of J une 7th It. filamcnt WIlS 

iixcJlongitlldina!lywayoullgleaf(the third from the sUlllmit, 
Rnd 2: illChCll in lon~th). amI its mOvementa Were traool on 
a v~rtical glass during 72 h., the plflnt being illuminated frr,m 
nbo .. o through II IIkylight. Each d~y the leaf filII in a nearl, 
"'raight line from 7 A.)I. 10 (i P.lI., nfler which hour it WII5 60 

much inclined downwnJ\1s that the movement oould no longer 
b6tmeed; amI during the latter pftrtof ea.eh night, orcsrly in 
the morning, tho Ie"f 1"0lI0. It therefore cirellnmutnted in 10 

vt:rysimple mnnner,mllking Il. sillglelllq:;e el1i]l&J o\'cry 2t h., 
fOf tho n.soe.lldins amI dt1iOCnding lineB did not coincide. On 
caell SUooesllivo morniug it stood at alCl!ll height than on tlle 
previous mle, loud Ihis W/l.tl probably due, partly 10 tho incret.l'ing 
sl,"O of the leaf. and partl,.lo tho illuminaUOII bcing humflicicnt; 
foralthollgh tholcs\·C8ftroverys1ightlyheliotropic,yet,aceord. 
ingto llr. L)'IICh's an(l Ollf own ob!!crvation8, their inclinst~on 
during the dny i8 dewtmined by the intcnsity of the light. On 
tho third dny, l,y which lime Ille extent of the deBCtlnding 
Il\OI'cmcnt had much doorcn.scd, tho line traced WII8 1)lainl, 
milch more zip-zag limn on auy previous dllY, and it appeared 
n~ if ROme of ita POWCTII of movemcnt were Ihus expended. At 
10 r .•. on June 7th, when Ihe lesf depended verijcally,itll mon­
lllent~ wcre o!Jser\'ed ",. a mark beillg 1)1aced. behind it, Bud II", 
"nd of the attached fiJlIlDcnt W/l.tl &Cen to O&ci1JlIte IIlowly lind 
~lip-ht1y from Ride to lide, as weUII!! nl)Wards alld downward" 

1'loyllanthu. ,\·;ru.ri O;uphorbiacem).- The ICfllleia of thil 
plant ~loop, II!! described by Pfeffer,· in a J"Cmarkable mann~r, 
8]l]IIl.r.:Ui!y like those of Cassin, for thoy 8illk dowll\\"lIrdR lot 
Iii~ht nUll twist round, &0 t!Jllot tbeir IQv,-cr lIurfllOOll nre turuui 

•. Die I'~liod. lle\\eg.,' p. lW. 
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ontwilrl'L They are furnished, lUI might have been e.xpeeleJ 
frow thit eowl)lox kin.! of movement, with a llUlvinus. 

GYillI"OSPER)IS. 

Pin!!1 Xt))"(imanniana (Conifel"lQ).-lI. Chatin atntos· that the 
I~voa, Il'hieh are horizontal duriug the day, rilJ() upat night, so 
!J.. to 1l.!<SlImo a position almost pcrpcndiculnr to tho branch from 
which thoyarilJ(); we presume that he hore refers to n. horizontal 
br,mch. He adds:" Ell m~me temps, 00 mOln·oUlent d'eroetion 
ost IIOOOmpnS"ne d'un moul'oment de torsion imprimo ala partie 
h'l.Silaire do la fouillo, et pon"ant sou"cnt Ilolrcourir un are do 
90 dt'1;n'S." As tho lower 8urfaocs of the Ie&TC8 are white, 
whi1llt tho ul)per aro dark groen, the tl\.'<O I>l\:I«·ul.s a widely 
different appoarllllC8 by day and night. The lawel Oil a "mall 
tree ill a pot did not exhibit with us any nyctiLropic mo .. e­
menls. Wo have teen in a fonner chapter th,\t the 1('In'l'8 of 
Pin~ pi1l(Ukir and ""lUtrkU:O are oontinuatJy tircUl\lnutatillg. 

1 [ ONOCOTYLEDONS. 

Th'llia dMlbata (Cannaoore).-Tho lea.vea of tlli~ plant sleep 
by turning I'ertically upwards; they are furnished with a well­
dc,·elopo<.l pulvinll$. It is tho only instance known to ns of 
a ,ery large loof sleeping. The blado or II. young l<mf, whieh 
1rI\8 as yet only 18~ inch08 in length and Gl in breadth, fonned 
at Iloon an tLngle with Its tall petiole or 121°, and at night stood 
"l"crticaUy in IL Iino with it, and I!() had risen fj~P. The actnal 
dhotanoe Involled by the apex (as illellSUred by an orthogenic 
tmeing) of another largo loof, between 7.80"'.)1. and lOPIIf., llI·aa 
101 inchC8. 'rhe circumuutation of two young and dwarfed 
leaves, ari~ing amongst the taller ioow18 nt tho \)MO of tiw plant, 
was traCt..,<1 on nl·o rtic. ... l gl!l8Sduring two days. Outhe Hrlltdny 
theapJxof ono, fllldon the secolld day tho 1I11C.t of tho other leaf, 
doscribe<l hotwocn G.lO A.X. and 4 P:II. two clliJlflCs, tho 10n~'Cr 
IIICfI of which wcro oxtend"'] in .. ery diffcrentuirootiolls from tho 
Iinusrcpro:;cntillg tho great diurllalsiuking tlnd UOCiUfllll.! ri~ill~ 
mon:ment . 

.Jf"ro",,-, ar<lllllilW"ta(OanIll&(ll'l9).-Tho bladet of tho 1cu,1'(;S, 
.. hich aro furnisbed WiUl a puh-inulI, mnd horizontally durin~ 

• 'Compt~ nendm,' J an. l87r\ Po 171. 
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1110 day or between loo and 'K1' aoovo tho borioon, and nt night 
vcrtienlly upwanla. Thoy thorefore risc ootwoon 7oo and 000 nt 
night. The plant W/UI plllCoo at noon in tilo dark in tho hot­
house, aod on tho following day tho movemcntll of tho loovOil 
were lraood. Betwoon &40 nnd 10.80 A.M. thoy rose, and IIU!D 
foil gT«Jt/y till 1.37 r.x. Dut by 8 i'.1II. thoy iU}(l o.gnin risen a 
littlo, and oontinued to rieo daring tho rcet of tho Ifternoon and 
liight; on the following morning they stood at the arno lovel na 
on tho prerioUl dny. DarkDCll8, therefore, during a day nnd .. 
half dous not intorfere with the )lCriodieityoftheir mo'·emcnts. 
On a wanll but s\onuy evel\ing, the plant whilst being brought 
into the hOll8(l, IHld its 100V08 violently shaken, and at night not 
ono went to sleep. On the next morning tho plnnt ""IIS taken 
oo.ck to the IlOt-boUlle, and agnin at night tho leaveIJ did not 
lloop; hut on tho ensuing night they roec in the nsual manner 
between 7oo and 80". Thill foot. is analogous with what 11'0 
have ob!crved with climbing plants, namely, that much agitation 
chocks for a time their power or cil'cumnutn.lion; but tho effoot 
in this illlltanoo W/UI much morc ltrongly marked and prolonged. 

CoI(X:(Uia a"ti'lw)rum (CutudiuI11 (;8CwieniU>l), 1I0rt.) (Aroideoo). 
-The lCllvea or thil~ plant sloeI' by their blades sinking in the 
ovening,lIO /UI to stand highly inclincd,er e"en quite "ertienlly 
with their tillS [lOinting tel the gronnd. They &nl not provided 
",ith It. pnlviuUll. The blado of oue stood at noon 10 henenth tho 
horizon; at4..20 P.IL,tO"; nt6r.JL,i3°; Bt7.20I',)I.,69"j audat 
8.80 1' . .11., 6i:\"; Ie it had nowbcgun tori8C: at 10.151' . .11. it stood 
at G,)', and on tho rollowing oarl,. morning at 110 benenth tho 
horizon. The circ\Unlllllll.tion of anothcr yonng leaf (with its 
potiol .. only 8r inchCfJ, and the bhule'" inchCfJ in length), Wall 
tmocd on a. vertical glasa during 48 b,; it Wf18 dimly illuminated 
through a skylight, and this IIOCmed to dilltllrb tho )roper perio­
dicity of its movements. Ncvertheless, tho loaf fell gr('Rtly 
during both afternoons, till either 7.10 1')11. or 9 1'.)1" when it 
roso a little and moved laterally. Dy an oarl,. hOllr on both 
mornings, it had MlJumoo itll dinmal position. Tho well-marked 
lateral movement for It. sbort timo in the early part of tho night, 
Will! the only illtel"Ctlling foot whicll itprceentccl,aa this cauHOd 
tho asoellding and d0800lldiug lines not to coincide, ill ncoord­
anco with the general rnlo with eircumnlltn.ting Orgtt.IIS. The 
mo,'cments of tho lee.ve'l of Ihill plant aro IIm8 of the lIlOI!I~ 

~ilU[lle kind; and tho Irncing is not worth giving. We hate 
IIOOn that in another &CnUll or the Aroideal, namely, Plstla, the 
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leaVOll riae 10 much a\ night tbat they may almost be aaid to 
&10(1). 

&rcp4i.,,,, .JIqrribundum· (Gramine.l).-Tho ovalleavee are 
provided l\;th a pulfinn/:l, and are C:ttcndod horizontally or 
declined a little bencath the borizon dnring tho day. Those 
on tho upright eulill8 flimply rise up vertically at night, 110 
that their tillS ue directed toWlUde tJlO :reuith. (Fig. 164.) 

fi(. 16f . 

& ... pAillJ>l ~~""' : C\llmlwithl .. ~.duria( thldt1' aadwhea aalHp 
.talghL .·;ru_r«lIlCld. 

Horizontally oxtended Ica1"08 arising from much inclined or 
almost. horizontal cullJlll, mova at night 10 tJlAt their tiJl8 
point toward. tha apex of tho enlm, with 000 latcral marJtin 
dirootecl towards tho :wnith; and in order to aamme this 
poeition tlla iet.vel llAvo to twist on their own &:lee through IlIl 
anglo of llcarly 000. ThUll tho surfaoo of tho blado alw(l18 stands 
vertically, wlmtover may be tho poeition of tho midrib or of tho 
lC&f as & whole. 

The eircumnul(ltion ora yonng lcaf(2'8 inehOl! in longth) waa 
tnLood during 48 h. (Fig. 165). The movement was remarkably 
simple; the loaf dasoonded from before 6.40 .4..". until 2 or 
2.50 P."., and then rOIIO 80 lUI to stAnd vortloally at about 6 p.x., 
daeoondiog agaln late in the night or in the very oe.rly morning . 

• A. 8rODgniart O .. t "'-rved la Soc. Dol do FnIlOO; tom. vii 
that the loa~eI of tht. plallt and 1800, p. HO. 
flIlb.rolloalleep:_·Bull.de 
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On the !!eC()nd da.y tbo descending line zigZllggod slightly. .As 
}1i\:.16:;. USM.I, tho ascending and do-

1

" ,1,:" ',',r""",,! f2~\~~~~o~}~t:i~ A . .u.and 12.1GI'.1I.; it e1ulllgod 
its OOUJ'l;(l by as much as a. 
roctanglosixlirucsinthisin­
lenalof 3 h. 26 m., amI de-

l
· scribed t'll'O irregular triangles 
~ , flud a half. The leaf, therefore, 
: ! on this occasion eircnmnutato<l 
i i rapidly and in a complex 

I
: f 
if 

, 
Stnpl<,,,,,,jf,,,;wM,,,,,:drcumDn­

Ution &lIdllyctitropicmo ... ment 
of . leaf,tn<e<l from 9 .... K. June 
26th t<> 8.45 A.". 27th; filament 
fize<l along the midrilo . .A)'ez o f 
luf8!iMhK t'Nm the ... rtital 
glus ; plant illumin~t6d from 
Rb,,,·e. Temp. 23Io-UloC. 

RlTh 

ACOTYLEJ)ON'S. 

Mar' ilta qwuMjoliaLa (Mar­
sileacero).-The shape of a leaf, 
expanded horizontally during 
tho day, is shown at A (Fig.16G). 
Each leaflet is provided with 
a woll-d~vcloped pulviuus. 
When the ica,(f)slcc}),thetwo 
terminallCflflcts rise up, twist 
half round and como iuto con­
tnet with olle another CD), and 
areafleI'wards embracOO by the 
tl'l'O lower leaflets (e) ; 60 that 
thefollrleafletawitlltheirlower 
surfaces tumed outwflroS form 
a vertical packet. The cuna­
ttlnlofthe summitoftlie petiole 
of the leaf figured aslOOI), is 
merely accidentaL The plant 
WM brought into a room, wbere 
thc temperattlnl WM only a little 
abovo 6O"'F., I!.n<l tho movement 
of one of the loofiets (the pctioie 
ha,ingbe-cn soo1ll'f.ld),,"astraced 
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during 21 h. (Fig.167). The leaf fell from tlie oarly morning 
till l.W j'.)I., and theu I"OIIC till 6 1' •••• wlien i~ was asleep. A 

rig.I6tl. 

c. 
Jl~ pIdr.!oIiaJa: A.lufduriug Ih. do,.. _II. from n.tieall,. .bn ... ; 

II. ltoof btg"'UiDg 10 go IOlleer._1I. l.t.ora ll,i <;th ... ", ... leep, 
rig .. _nd .. ""'lOo_h.lfof ... t .. ,...l.....J .. 

"I""ertically depeDdent glftllfl, 6lament .... /III 1lO"tI' fixed to one of the 
terminal lind iuoor \eafleb!; and part of llio tl"Sl'ing in Fig. 167, 
aIIer 6 j ' ••• , show8 that it oontinn{d to sink. making one zigzag. 
unt il 10.40 1·.1IL At 6 . .w A.lI! . 011 the following monling. the leaf 
Q!I awaking, and the filament pointed abovo tllO ,'ertieal gJ.a.ss, 

~';g. 167. 

0 ' m. 

a.pm 
JI~.,jJffl '1",04n"jul;;,J~: oircnmnntaoioD all.~ n,.ctltl"<lr.ic monm.nt of lea/l~. 

l rac:eJon.-e.tleal glau,duri ng no_.l,. 24 h .• Jgu"'~noed!.ot,,·o­
thirdf ~f o.lgiul _Ie. Plant kept at rather too 10'" • temperature. 

bnt by 8.25 !r. x. it occupied tho position sho"ll'll. in the figure. 
The di~m diffcrI greatly in appearance from most of thoee 
previowlll gi"l""ell; and this is dno to tho leaflet twisting nr.d 
momg tatcnllJl as it appfOOCOOJ and comea into oontact with 
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its fellow. T he movement of anotber klatIet, wbC'n aaleep, 
W&8 tmood botwoon 6 P.lI. and 10.35 P.Il., aud it clculy cir· 
Cllmnlltaiod,£or it oontinuod for two bout'll tosink,then rose, 
and thou Mnk still lower than it was at 6 P.M. It may be 
I!OOn in tbe proooding figure (167) that the leaflet, when the 
plant WIllI subjected to a ratber low temperature in the house, 
d QllOODdod and aaoondod during the middle of the 11&, in a 
IOlDCwhat ,;igzag line; but when kep\; in tbe hot-bow;e from 
9 A.lII. to 3 P.Il. at "bigh but n.rying temperature (vir.., between 
7:Pand SSO Y.) a leaflot (WiOl the petiole 8OCUrOO) eireumnutatod 
rapidly, lor it made tbroo large vertical ellipeos in the oourse ol 
the six hoUl1l. Acoording to Drougniart, Nar!ilta purelOtfl. sleeps 
liko the preseut 6pOCiClS. ThC8(l plants IUC tho 80Ie cryptogamic 
oncs known to sleep. 

Summary and Comluding Remarb em tM N!lctitr~ 
or Sleep-movemelIi! of .L6avt!S,-Tbat these mOl'ementl! 
arc in some man ncr of high importan(!(l to tho plants 
which exhibit thcm, few will dispute who havo ob­
sen -od how complex they sometimes are. 'l'h us with 
CllSSia, the leaflets which IUO horizontAl during the 
day not only bend at night vertically dO\o\lIwards with 
the terminal pair directed considerobly b6ckwanls, but 
they also rotate on their own axes, so that their lower 
surfl\CC8 are turned outwards. The terminal leaflet 
of Mclilotus likewise rotates, by which movement one 
of its laterlll edges is directed upwards, and at tho 
same time it moves either to the left or to tho right, 
until ita npper surface comes into contact with that of 
the lateral leaflet on tho same side, which has like­
wise rotated on its own axis. Wi lh Arachis, a.11 fou r 
leaflets form together during the night a Bingle 
vertical packet; and to effect this the two anterior 
leafl ets have to move upwards and the two posterior 
ones forwards, besides aU twisting on their own axes. 
In the genus Sida tho looves of some species move at 
night through au angle of 90' upwards, and of others 
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through tbo 8l1mo anglo downwards. ' Ve have seen R 

similar difference in tho nyctitropic movemOIiUl of the 
ootyledolls in the gcnus Oxalis, In LupillUS, again, 
tho leaflets move either U)l\\'nrds or downwards; and 
ill somo species, for instance L. luteus, tllOse on one 
side of tho staNhaped leaf mo,'o UIl, and those on the 
opposite side mo,'e down; the intermediato Olles rota­
tingon thcir axes ; nnd by these vnriod movements, the 
"'hole leaf forms at night a vertical star instead of a 
horizontal one, as during the day. &me lenves nnd 
lellflcts, besides moving either upwards or downwards, 
become marc or less folded at night, as in Ba.uhinia 
alld in SOIllO spocies of Oxalis. Tho positiolls, indeed, 
which leal'cs oceullY whell asleep are almost infinitely 
diversified; they may point either ,'ertieally upwards 
or downwards, or, in tho case of leaflets, towards the 
apex or towards the base of the leaf, or in ally inter­
nwdiato position. Thoy of ton romtc at leMt 88 m\wh 
as 90" 011 their own axes. The leaves which arise 
from upright il.Dd from horizontal or much inclined 
brunches on the SUUlO plant, move in some few cases 
in a different mallner, IlS with Porlieria and Strephimn. 
'l'he wholo appearance of mally plants is wonderfully 
changed at night, as lIlay be seen with Oxalis. and 
still more plainly \\ith MimQ8il. A bnsh of Acacia 
Jarnmaua appeal'S at night as if covered \\'ith little 
dangling bils of string instead of leaves. Excluding 
a few genem not seen by ourselves. noout \\ hich we 
are in doubt. and excluding a few others the leaflets of 
\\'hieh rotate at night, and do nct rise or sink much, 
there arc 37 genem in whieh the leo.yes or leaflets rise, 
often moving at the same timo towards tho apex or 
towards the bose of tho leaf, and 32 genem ill which 
they sink at night. 

'fho lIyctitropic moYemcllts of leaves, lenflets, and 
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petioles Ilre effected in two different ways; firstly, by 
alternately increased growth on their opposite sides, 
preceded by increased. turgescenco of the cells; and 
secondly by means of a pulviuWI or aggregato of small 
cells, generally destitute of chlorophyll, which become 
alternately marc turgescent on nearly opposite sides ; 
and this turgescence is not followed by growth except 
during the early age of the plant. A pulvinus seems 
to be formed (as formerly shown) by a group of cells 
ceasing to grow Ilt a very early age, and therefore does 
not differ essentially from the surronnding tissues. 
'l'he cotyledons of some species of Trifolium tlfO pr~ 
"ided with 1\ pulviJlus, and others are destitute of one, 
and so it is with tbe ieayes in tbe gellus Sida, We 
see also in tbis sume genus gradations in the state of 
the development of the pulvinus; and in Nicotialll\ 
we have what may probably be considered as the 
commencing devclopment of ono, 'rhe nature of the 
movemCllt is closely simihlr, whether a pulrinus is 
absent or present .• as is e"ident frOIll many of the 
diagrams giycn in this chapter, It deserves notico 
that when a pnh'inlls is present., the ascending and 
descending lines hfndly ever coincide, so that ellipses 
are habitually described by the leaves thus provirie<l, 
whether they are young or 80 old as to have quite 
cciLScd growing. 'rilis fact of ellipses being deseribed, 
shows tbat the alternately increased turgescence of 
the cells does not occur on exactly opposite sides of the 
puil'inns, aay more than the increased growth which 
CfLIIses the movements of loaves not furnished ,lith 
pulvini. 'Vhen a pnlvinus is present, the nyctitropic 
movemcnts arc continued for u. very much longer 
period than when such do not exist.. This has been 
iLmply prove<1 in the case of cotyledons, and Pfeffer 
hiLS given observations to the sume effect with respect 
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to lcan's. We June seen that a leaf of MimOM 
pudica continued to lllOl'e ill the ordinnry lllanner, 
though somewhat 1U0re simply, uutil it "ithered and 
died. It lIlay 00 added that some lenflets of Tnfoliunl 
In-atNI86 \\(>rc l)inlloo open during 10 d11Y8., fmd 011 the 
first en·ning after being released they rose up and 
slept in tho usual 1Illlnner, Besidcs the 10llg con­
tinuance of the movements IIhen cifc<'lcd, by the aid 
of n. puh'inus (llIId this appears to be tho final cause 
of its dc,'clopmcnt), a t" isting moYelllfmt at night, as 
Pfcffer has remarked, is almost confined to lea "CS thus 
pro"jded. 

It is a very general rnle that the first true leaf, 
though it mny differ somellbat ill IIhnpe from the 
leaves on the IlUlture plant, yet slceps like them; and 
this occurs quite independently of the filet whether or 
not the cotyledons themselvcs slcep, or whether they 
slcep in the same manner. But lIith PlwfI(:oluI Bext­
burghii the first unifoliate letncs risc Ilt night almost 
sufiicimtly to be said to slcep, whilst the len fiNS of 
the 8CC'ondllrY trirulillte leaves sink verticnlly at night. 
011 young pllll1ts of Sida rhomlM>jolia, ollly a few 
inehCfl in height, the leaves did not slC€p, though on 
mther older plnnts they to8O up vcrticRlly at night. 
On the other 111111<1, the leal'CS on "cry yuung plllnts of 
OytilW Jrayrall3 slept in a cOllspicuous Illilnller, whilst 
on old and vigorous bushes kept in the greenhousc, 
the ICIlVl'S did not exhibit Imy pillill n)'ct itropic mo,'c­
mcnt. In Ihe gellus Lotus tbe baSilI stipllle.liko 
lenflets rise up ,'crtically at night, and arc pro\'ided 
with puh'inL 

As aln'lldy remnrked, \I hen lco.ves or lenflets change 
thdr pl,»Iition greatly at night and by complicated 
mO\·CIll{'uts. it elUI hardly be doubted that these lIIust 
be ill some lUanner beneficial to tho }linllt. If 80, we 
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must ext€nd the same conclusion to II. largo number of 
sloolling plants; for the most complicn.tod and the 
simplest nyctitropio movements are connccted together 
by tho finest gradations. Butowing to the causes spe· 
oi6.ed in the beginning of this chapter, it is impossible 
in some few casc8 to determine whether or not certain 
mo\'ements should be called nyotitropic. Generally, 
the l)()8ition wbieh the leaves occupy at night iudi· 
cates with sufficient clearness, that tho benefit thus 
deri\'Ni, is the protection of their upper surfaces from 
radiat ion into the open sky, and in mOllY Ci\SCS tho 
mUlual protection of all the parts from cold by iheir 
being brought into CI080 approximation, It should be 
J'(!Dlem hered that it was proved in the II\8t chapter, that 
leaves compelled to remain extended hori7.0lltillly at 
night, suffered much more from mdi/ttion than those 
which were allowed to l\S9ume their lIormal \'erticnl 
position, 

'r he fact of the leaves of several plants not sleeping 
unless they have been well illuminated during the 
day, made us for a time doubt whether the pro­
tection of their upper surfaces from radiation was in 
all cnses the final cause of their well-pronounced 
IIret i trolli~ lUovements. But we have no roosoll to 
suppose that the illumination from tho open sky, 
during o,"en the most clouded day, is insuflicient for 
this llllrpose; and we should bear in mind that ICl.wCS 
which are shaded from being seated low down on the 
plant, and which sometimes do not sleep, arc likewi!Je 
protected at night from full radiatioll. Nevertheless, 
we do not wish to deny that there may exist cases in 
which leaves ohange their JXlSition considerably at 
night, without their deriving any benofit from such 
movements. 

Although with sleeping plants the blades almost 
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always Wllme at night n. ,""ertical, or nearly vertical 
position, it is n. point of complete indifference whether 
the apex, or the base, or one of the lateml edges, is 
directed to the zenith. It is a rule of wide genemlity, 
than whencver there is any diifcrence in the degroo of 
exposure 10 radiation betw(!(ln the upper and the lower 
surfMes of leflvcs and leaflets, it is tho upper which is 
the le88t cxpo@ed, as may be seen in Lotus, Cytisus, 
Trifolium, and other genera. In several species of 
J~UpillU8 the leaflets do not, and apparelltly from 
their structure cannot, place themseh'CS vertically at 
night1 and consequently their upper surfl\CC8, though 
bighly inclined, are more exposed than the lower; and 
here we have an exception to our rule. But ill other 
species of this gOIiUB the leaflou succeed ill placing 
themselvcs vortically; this, however, is effected by a 
very ullusual mo\'oment, namely, by the leaflets on 
the opposite sides of the same leaf moving ill opposite 
directions. 

It is again a very common rule t119.t when lenflets 
come into cl0B8 contaet with one anothcr, they do 80 

by their uppe.r surfaces, which are thus beet protected. 
In some cases this may be the direct result of their 
rising vertically; but it i.e ob\·iously for the pro­
tection of the upper surfaces that tho leaflets of 
Cassia rotate in 80 wonde.rful a manner "hilst sinking 
downwaros; and that the termill(l,l leaflet of Melilotus 
rotatcs and moves to one side until it meets the lateral 
leafl et on the snme side. WIlell opposite leaves or 
lcaflets Sillk vertically down without any twisting, 
their lower surfaces approach each other and some­
timCfl come into contact; but this i.e the direct and 
inevitable result of their position. With many species 
of Oxatil tho lower surfuces of the adjoining leaflets 
aro pressOO together, and are thus better protected 
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than tllO ullper surfaces; but this depends mcrely on 
ellCh 1('llflet becoming folded at night 80 nB to be ablo 
w sink ,ertieaUy dowmmnls. '1'he torsion or rotatioll 
of iean:!s and leallets, which occurs in 80 nUlJly cases, 
uppmcntly always lIerves to bring their upper surfaces 
illto close approximlltion with one another, or with 
other purts of the plant, for their mutuo.l protcetion. 
We ~'i} this best ill such CIl.SC8 118 those of Arachis, 
MimeS(, albida, amI 1tfarsilca, in which all tho leaflets 
form ttlgether Ilt night a single vertical packet. If 
with Millltna pudica the opposite leaflets had merely 
moved upwards, their upper surfaces would havc cume 
into conli\ct !l.nd beell well protected; but as it is, 
they all successively mo\'c tow!l. rds the apex of tho 
leaf; and thus not only their upper SUrfUCC8 are pro­
tected, hut the successive pu.irs become imbricated and 
mutually protect ono another as well 118 tho petioles. 
This imbrication of the leaflets of sleeping plants ill a 
common phenomenon. 

'fhe nyctitropie 1ll0\'ement of the blade is gene. 
rally effected by the eun'ature of the uppennost part 
of the petiole, which hus often been mooified into u. 
puhinus; or the whole petiole, when IIhort, may be 
thus modified, nut the blado itself sometimes cun'cs 
or mo,'cs, of which fact llnuhinia offers a striking 
inst.'lnce, us the two huh'es rise up !ind come into 
close contact at night, Or the blade and the upper 
part of the petiole may both mo,'c. ::\lor€()l'er, the 
petiele 1\8 0. whole collllllonlyeither ri8C8 or sinks at 
night, This mO\'ement is sometimes lnrge: thus the 
petiolcs of Caula l)UbeSCe1lS stllnd only 0. little o.ooW) 

the horizon during the day, aud ilt night rise up 
almost, or quite, perpendicularly. rl'be petioles of the 
younger lelwes of DeBmodium gyrans also rise up ,'cr· 
tiea.lly at night.. On the other hand, with Amphi. 
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carplt'il, the petioles of some Jelwes silnk down II.S 

much as 57~ ilt night; with Arachis they sank 3D, 
and then stood at right angles to the stem. Genc­
rally, "hcll the rising or sinking of 8C\·erll.1 petioles on 
the Mme plnllt WitS measured, the 1I1llount ditTcred 
gre,uly. This is lurgcly determiacd by the age of the 
leaf: for instnncc, the petiole of n. moderately old leaf 
of DeB1Mdiul/~ 9Y7(f.1lB rose only 46~, IIhilst the young 
ones rose np vertically; that of a young leaf of Cassia 
jUwibunda rose 41", whilst that of an older leaf rose 
only 12". It is a more singular fnet tlu~t the age of 
the plnnt sometimes influences greatly the illllount of 
lno\'ement; thus with somo YOllng seedlings of II Ban­
hiu ia the petioles rose at night 30" Ilnd 34", wherens 
those 011 thCllO Mille plrmts, when grown to a height 
of 2 or 3 foot., hnnlly moroo nt nil. 'l'he position of 
the Ic(we8 on the plant as determined uy the light, 
!lOOms 1\ lso to influeuee the amount of movement 
of the petiole j for no other callSO WllJi apparent 
why the petioles of some le~lYf!8 of JldilotuB officinaliB 
roee as much 118 5D~, nud others only 7~ Ilnd !)~ at 
night. 

In tho case of many plants, the j".ctiolCfl more at 
night ill one direction and the lcaflets in a dirc<:tly 
opposite onc. Thus, in three genen' of PhulICOieru tile 
IcaHeta mo\'ed \'ertically dowuwards at night, and thl' 
petioles rose ill two of them, whilst in the third they 
sank. Species in the smne genus often differ widely 
in the movements of their petioles. Eren on the sullie 
plant of Lupin," pubucell8 somo of the petioles rose 30', 
others only (j~. and othcrs sunk 4.~ at night. Tho 
loo.flets of Cauia Barclayana IIIm'cd so little at night 
that they could not he said to slcop, yet the petioles 
of &orne young lea\'e8 rose 88 Illllch 88 34". These 
IeTeral facta Illll>orentiy indicate thnt the Illovementa 
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of the petioles are not performed for I\ny special pur­
pose; though a conclusion of this kind is generally 
rash. When the leaflets sink ,'ertically down I\t night 
and the petioles risc, 1\.8 often occurs, it is certain that 
the upward mon:!ment of the latter docs not aid tho 
l{'aflets in placing themseh-es in their proper posi­
tion at night. for they haye to mo,-e throngh a 
greater angular space tI1an would otherwise have been 
necessary. 

Notwithstanding what hilS just boon said. it may be 
strongly suspected that ill some eMeS the rising of 
the petioles. when collsiderable. doca 0e.Ile6eially servo 
the plant by greatly reducing the surface exposed to 
mdiation at night. If the reader will colllimre the 
two drawings (l'~ig. 1;)5, p. 371) of Cauia ~. 
('opied from photographs, he will see that the dia­
meter of the plant at night is about one-third of 
what it is by day, and therefore tho surface exposed 
to mdiatioll is nearly nine times less. A similar 
(·onclus.ion may be deduced from the dmwings (Fig. 
149. p.358) of a branc.h awake and asleep of Dn­
Illodittm 9!1ram. So it wat! ill a "ery striking manner 
\I itb young pitUIta of Bauhinia, and with Ozalis 
Orleflesii. 

" 'e fire led. to an analogous conc.lusion \\ith respect 
to the movements of the secondary petiolcs of certain 
piuuate leaves. Tbe pil\ll!e of Mimoaa ptUliea con­
"erge at night; and thus the imbriClltcd and c.losed 
leaHetg on each sepamte pinna are all brought cloae 
togcther into tL single bundle. alld mutually protect 
one another, with a some"'hat smaller surface expoaod 
to radiation. With Albinia lophanl.ha the pinnre c10ee 
together ill the same lIIalUlCf. Although the pinrue 
of Acacia Farnmalla do not converge much. they 
sink downwards. 'fh06e of Nepl.llnia ohraota like~iae 
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mo'-e downwards, as well as back lrards, towards tbe 
base of the leaf, whilst the main petiolo rises. With 
Schrollkia, again, the pillllill are del)rC88e<I at night. 
NOli' in these three latter cases, tllOugh the piwl8J 
do not mutually protect one another at night, yet 
after IUH-ing Slink down they expose, as does u 
dependent sleeping leaf, much le88 surface to the 
zenith and to radiation than if they had remained 
horir.ontaJ . 

Ally one who had nel'er observed continuously II 

sleel)ing plant, \\ould llllhll'ally suppose that the leave~ 
mOI'cd only in the el'ening when going to sle<!p, snd 
ill the mOnling when a\\aking; but he wou ld be quitt" 
mistakcn, for we ha,'e fou nd no cJ[ccption to tho rule 
that lel1l'cs which sleep continno to move during the 
whole twenty.four hours; they move, ho\\e\'er, more 
quickly II hen going to sleep and wilen awaking than 
at other times. 'i'hat they are not stationary during 
the day is sllOwn by all the diagrams givcn, amI by 
the lll llny more which were traced. It is troublesome 
to obsen'e the movemcnts of leaves in the middle of 
the night, but this WII8 dono in a few eaees; and 
tnlCings were made during the carly pnrt of the night 
of the 1Il0VCmclltd, in the case of Oulis, AlIlphiearpa'3, 
two species ofEryth rin8, 8. Cassia, Pwillom, Euphorbia 
and iUarsilcil; alld the leavcs after they hnd gone 10 
sIOOI), IICro found ro be in constant movement. When, 
bowever. opposite lenflets come into close oontn.c t with 
ono another or with the stem at night, they (Ire, as we 
beliol'c. mcch!mically prevented from mOling, but this 
poillt W8S 1I0t sullicicntly ill\·cstigatcd. 
Wh~n the movements of sleeping leil.l'ctI are traced 

during twenty·four bours, tho ascending Imd descend· 
ing lines do not coincide, except occasionally and by 
aecident for a short space; 80 thllt with lIlany plauts II 
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single large ellipse isdescrihed dming each twenty-four 
hours. Such eUipses aro generally narrow and yer­
ticully directed, for the amount of h.teral movement is 
small. That there is SOUle bteral movement is shown 
by tile ascending and descending lines not coinciding, 
nnd occasionally, as with De8modiun~ !lyralls and ThaJia 
dealbata, it was strongly marked. In the case of Meli· 
lutus the ellipscs described by the terminal leaflet 
llnring the day are laterally extended, instc!td of yer­
ticaJJy, u.s is usuul; and this fnct evidently stands in 
relation with the terminal leaflet moviug latenllly 
when it goes to sloop. With the ml\jority of s!Deping 
phllits the leaves oscillate 1ll0fe than once up and 
,Iown in tho twenty-fouf hours; so that frequcntly two 
ellipses,ono of moderate size, and one of yery lnrge size 
which ineludOll the noctnrnal mO\'Olllent, are described 
within the twenty-four hours. l:~or inshmce, !\ leaf 
which stands verticl,ily up during the night will sink 
in iha morning, then rise cOllsiderably, again sillk in 
the afternoon, and in tho evening reascend and IISsume 
its vertic!\! nocturnal position. It wi\! thus describe, 
in the COUfse of tho twenty-four hours, two ellipses of 
Ilnequal sizes. Other plants descrioo within the S1\mo 

time, three, four, or th'e ellipses. Occusionally the 
longer axes of the scyernl ellipses extend in different 
directions, of whieh Acacia Furnesiana offered a good 
instillleo. 'I.'he following cases will give IIIl idea of [he 
mto of mO\'ement: O;ullis acetosella completed two 
ellipses at the rate of 1 h. 25 Ill. for each; MU1·silea 
quadrifoliata, at the rate of 2Il.; Trzfolium 811U1erraneufll, 
one in 3 h. 30 m.; and Arachis hypoga?a. in 4 h. 50 m. 
But the number of ellipses uescribed within a givell 
tillle depends largely on the state of the plant and 
Oil the conditions to which it is exposed. It often hap­
pells thaI. 0. single ellipse llIay be described during ODO 
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dllY, and t1l0 on the next.. Erylhrina eorallodendron 
Illade four ellipses on the first day of observation 
ml(1 only 1\ single one on the third, appnrontly owing 
to hR"in~ Jx>.cu kcpt not sufl1ciently illumilUltoo and 
perhaps not warm enougl). But there llCCUl8 likcwise 
to be an inuate tendency in difl'crcnt species of the 
SIImc genus to muke Ii. different Ilnmlx>r of ellipscs in 
t he twenty-four hours: the leaflets of 'l'r1jolitlm repe1l8 
lllade only one; those of T. relllpifJatlan t,wo, {1m! those 
of T. ,ubterraneum three ill this time. Again, the 
leaflets of Oxulis Plumierii made a single ellipse; those 
of O. bt4l'ieuri/o/£a, two; those of O. Valdit'i!lI1a, two or 
three; lind those of O. acelose/la, at least fi,'o in the 
tllcnty-four houtS. 

'l'he line followed by the npex of n lenf or Icaflet, 
whilst describing' one or morc ellipses during the day, 
is often zi~F . .ag, either throng-liollt its IIlIolc course or 
ollly durill~ t . "cning: llobinin oflf.red 

:::di,~st;i',:~~a ~o the mOrDin?, 

the diagmm (Fig. 126) given under Sida. 1'lIe amount 
of Ule zigl.llg moYcment depends largely on the plant 
lIt·ing pluccd under highly favourable conditiong. Bnt 
e\"ell under such flll"oumblecollditions, if the dots which 
mark thc position of the apex ate made Ilt consider­
aLie intcrmlg of time, and the dots are then joined, 
the course pursued will still apllCnr colllparuti\"ely 
simple, 111though the lI umber of lhe ellipBCs will be 
incTCased; but if dob are mado ovory two or three 
minutes lind thcse are joined, the rosult oftcn is that 
al! the lines (Ire strongly lIig .... ag, Ulony small loops, 
t riangl(·~, Imd other figures being a lso fo rmed. Thig 
fac:t is shown in two parts of the ding-mill (l~ift".l50) 
of the mOW!lllents of Dumodillnl gyral/s. Strepliiflm 
jlariLullduUl, obsen'cd undcr a high tem}>crnture, 
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made severol little triallgles at the rate of 43 m. 
for each. 1\(im(!su pudica, similarly observed, de­
scribed three littlo eUipses in 67 m.; ond the opex 
of il. ICllflct erossed. lI"t"(l" of all inch ill 0 second, or 
0'12 inch in 0. minute. 'fho leailets of A.verrbon 
made a countless number of little oscillotions when 
the t(lJllperature was high and tho sun shining. 'fhe 
zigzag movement may in all cases be considered as 
an att(Jmpt to form small loops, which are drawn out 
by a prevailing movement in some one direction. The 
rapid gyrations of the little laterol leaflets of Des­
modium belong ro tho same class of movements, 
somewhat exaggerated in rapidity and amplitude. 
The jerking mm'ements, with a small advance and 
still smaller retroat., apparently not eXilctly in the 
same line, of the hypocotyl of the cubbage and of 
the leaves of Dionrea, M seen under the microscope, 
all probably como under this same hend. \Ve may 
suspect that we bere see the energy which is froro 
during the incoSS/lnt chemical changes in progress in 
the tissues, converted into motion. Finally, it should 
be notOO that leaflets and probably some Ict\Yos, whilst 
describing their ellipses, often rotate slightly on their 
axes; so that tho plane of the leaf is dirootod first to 
one and then to anothar side. This WM plainly seen 
to be tho cnse with the large terminal leaflets of Des­
modiulll, Erythrina IUld A.mphicarptcQ, and is probably 
common to all leaflets provided with a pulyinus. 

With respect to the periodicity of the moyellumts of 
sleeping leMes, Pfeffer· hus so clearly shown that 
this depends on the daily alternations of light and 
diuknoss, that nothing ftlrther need be snid on this 

• 'Die Periodi&chen Bewegungcn der DilIIttoTg!lne.' 18711, p. SO, d 
".."im. 
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hood. But we may recall the beillwiour of i\fimosa 
in the North, where the sun does not set, and the 
complete inversion of the daily mo\'emellts byartifi('ial 
light aud darkness. It has also OOcn shown by U3, 

tllat although lcawls subjected k> d!ukncss for a mode­
rately long time continue to circumtUltate, yet the 
periodicity of their mo\'ements is 800n greatly dig.. 
turbed, or quite annulled. 'I'he presence of light or 
its absence cannot be supposed to be the direct cause 
of the mo\'ements, for these are wonderfully diversified 
e\'en with the leaflets of the same leaf, a lthough all 
have of course been simi larly exposed. 'l'he mo\'e­
mcnts depend on innate causes, ami are of an a(Japtivo 
nature. Tho alternations of light and d!ukness 
merely give notice to the leaves that the period has 
arrived for them to mo\'o in a certai n manner. We 
may infer from the fact of several plants ('I'roJl8lOlum, 
I.upinus, &c.) not slooping unlCSll tlley have been well 
illuminated during the day, that it is !lot tho actunl 
decrease of light in the evening, but the contrast 
between the amount at this hour and during the early 
part of tho day, which excites the leaves to modify 
their ordinnry mode of circumnutatiou, 

As the leanlS of most plants ussmne their proper 
diurnal position in the morning, although light. be 
excluded, lind as the 1000v08 of some plants continue t() 
moye ill the normal manner ill darkuess during at. 
least a whole day, we may conclude that the periodi. 
city of their mMements is to a certain extent in· 
herited.· The strength of such inheritance differs 

• pr .. lI'~r dente. lueh inherit· 
• ~;haattrlbut&o(' Djel>eriod, 

::n-X~r"~h!:· p::~ ~~ 
ad.yozo t1l0\n dark,_, to 

"NQ(lh1lirkulI~." or the "ner­
eft'oot. of light aDd d .. k" ..... 
But we .... uuahle to rollo ... bi, 
train of ...-oning. Th~re w­
uot~!ntobe .. nymore_,rur 
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much in diflcrent species, amI seems never to be rigid; 
fur plants hare been introdnced from all parts of tIle 
world into our gardens and greenhouscs; and if their 
movements had been at oil strictly fixed in relotlon to 
the nlteroatiolls of doy olld night, they would have 
slept in this country 11t very diffcrcnt hours, which 
is not the case. Moreover, it hns been observed that 
sleeping plants in their native homes change their 
times of slec}) with the changing seasons.· 

We lllay now tum to the systematic list (p.320). 
'I'his contains the names of aU the slcepillg plants 
known w us, though the list undoubtedly is very 
imperfect. It may be premised that, ftS fl. general 
1"II1e, aU the species in the same genus sleep in 
nenrly the 8l.l.lne manucr. But there are some ex· 
ceptions; in scvernl large genera including mally 
sleeping species (for instance, Oxa1is), some do not 
sleep. One species of Melilotus sleeps like It '1'ri· 
folium, !md therefore ,'ery differently from its con­
geners; 80 does one species of Cassia. In the genus 
Sidn, the leaves either rise or fIll! at llight; nnd with 
J~upinus thcy sleep in three different methods. Re­
turning to the list, the first point which strikes us, is 
that there are many more genera 1II1l0ngst the Lcgu. 
minosro (and in almost every ono of the Leguminous 
tribes) than in 1\11 the other families put together; 
nUll. wo nre tempted to connect this fnct with the great 

.. ttributing~uch m<.lv~mt'nb I;otbi~ 
t'QlWltha",forilliltalloo,theiu­
herik'd habit of ... inter and 
Au,,,,ner"'boot to grow hest.t 
diiferent-"""I;f<,.t!li8h .. bit 
iillootan.,rafe ... y~n.likethe 
1ll0\'elllenll!ofleavc1!LDdsrkne8ll 
a.rter"fewdaYI. :SodoubtooUlC 

W ck 

clf~>cl mud be produoed 011 the 
IiIlOOsbythelollg-.:olltilluc-deulti­
wlion of t~le IlfItent-pltUlIll ,mdft 
difterentchmate •• butnoOD~pro. 
bab!y "'ould ,,""lIl1'.i~ the " N"ch. 
'!rirkung "of the dUUllteII. 
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mobility of the stems and lefwes in this family, as 
shown by the large llumber of climbing species which 
it contains. Next to the Leguminosru come the l\Jal­
vucero, together with some closely allied families. But 
by far the most iml)()rtant point ill the Jist, is that we 
meet 1lith sleeping plants iu 28 families, ill all the 
groat llivisions of the Phullcrogamic series, aud ill one 
Cryptogam. Kow, IIlthough it is llrobuble thnt with 
tho Lcgum inos..-e the temiellcy to sleep Illay have been 
inherited from one or a few progellitotil, and possibly 
80 ill tho cohorts of the i\[alvilles nml ChenoflO(\i!lies, 
yet it is Illanifest that tho tendency must hll.\·e been 
acquired by the sc"eral genera in the other filmiiies, 
quite independcntly of olle another. lienee the ques­
liQn nll.turlllly Ilrifre!l, how has this \)cell possible ? 
and the answer, l1"e callnot doubt, is that lea,·cs owe 
their nyclitropic Illovemcuts to their habit of cir­
cUlllnutllting,-1l IUlbit eOllllllon to all plallts, and 
m'erYl1here ready for any beneficial de"eloplllcnt or 
mod..ificnlion. 

It hILi been shown in the ptevious ehaplctil that the 
loovcs {md cotyledons of oil plonts MO contillnnlly 
moving up nlld down, gcncroUy to a slight but some­
times to a considerable extent, and that they dClJ('ribe 
either ono or severol ellipscs in tile course of tl1"ellty­
four hours; thcy nro also so fflr affected by tho nlter­
nations of dlly and night that they generoUy, or 
at least often, mo,'O l)Criodically to a small extent; 
dIld hero 110 ha,·o n basis fur tho devclopment of the 
greater lIyctitropic mo'·ements. 'l'hnt tho mO"oments 
uf lcuv(l,j alld (.'otylOOoIl8 which do not sleep como 
"ithin the class of circumnutllting 1ll0,'Clllent$ CllIlIlOt 
be doubt ed, for they are closely simi lar to those of 
hypoeutyl~, epieotyls, the stems of matnre pilmts, and 
uf mriullS othor organs. KOII, if we take tho simplest 
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CASe of a sleeping leaf, we 800 that it makcs a single 
elli l)8e in the t.wenty-fouf hours, which resembles one 
described by a non-slcclling leaf in evcry respect, except. 
that. it is much largcr, In both CM('S tho course pursucd 
is often zigZllg, .As aU non-sleeping leaves are incc&­
Iklntly circulllnutatin~, we must conclude that a part 
at least. of the upward and downward movement of one 
thl1t sleeps, is due to ordinary cireumnutation; and it 
socms altogethcr gmtu itous to mnk the remainder of 
the movement uuder a wholly different. head. With 
a. multitude of climbing plants the cll ipses which they 
describe have been greatly increased for anothcr pur­
pose, namely, catching hold of Ii support. With these 
e1imbing plants, the \'arious CircuIllllutating organs ha\'o 
been 110 far modified in felation to light that, differently 
from all ordinary plants, they do not bend towards it. 
With sleeping plants the rote and ampl itude of ihe 
movcments of tho lca\'es have been so far modified in 
relation to light, Ihat. tucy move in a ccrtain direction 
with the waning light of the o\'ening and with the 
increasing light of the morning morc ropidly, and to 
a greater extent, than at other hours. 

But the leaves and cotyledons of Illany non-sl('(lping 
plants move in 11 Illuch more complex manner than in 
tho cases just alluded to, fOf they describe two, three, 
or more ellipses ill tho course of II. dllY. Now, if a. 
plant of this kind were converted into one that slept, 
one side of one of the 8O\-eral cUi I)SCS which each 
leaf daily describes, would ha\'e to be grently increased 
in length in tho o\'eniug, until the lenf stood "er­
tieally, when it would go 011 circlIllIlllltaiing about the 
8/uno spot. On tho following morning, tho side of 
another ellipse would l1lwo to be similarly increased 
in length, 80 as to bring tho leaf back agl1in into itt 
diurnal position, "h<:n it would again cit(!IIUlnutate 

m e e Work f ch rle erwin Online 



Du.r. VIr. SUlD1ARY O~ SLEEP OF 1,IU""8. 411 

until the evening. If the reader will look, for in. 
stance, at the diagram (Fig. 142, p. 3.')1). repf'(>8enting 
the nyctitropic mo .... ements of the terminal leaflet of 
TdjoUilm .w.btltrTaMUm, remembering that the CUr\'ed 
broken lines at the top ought to 00 prolonged much 
highor up, he will see that the groat risc in the eroning 
and the grea.t fall in the morning to,::-ether form a 
large ell ipse like one of those described duritlg the 
daytime, differing only in size. Or, he may look at 
the diagmIll (Fig. 103, p. 236) of the 3t ellipses 
described in the course of (l h. 35 Ill. by a leaf of 
Lupinu. 'J~IU, which is ooe of the species in this 
genllS that does not sleep; allli he will 800 that by 
merely prolonging upwards the line Ilhieh was already 
rising late in the evening, and bringing it down 
again next morning, the diagmm would represent the 
movements of a sleeping plant.. 

With those slMping lllnnts which describe scvernl 
ellipses in the daytime, and which tmvel in n strongly 
ligzag line, ofton making in their coul'8(lm iullto loops, 
triangles, &0., if as soon as ono of tho ellipses begins 
in tho ovening to be greatly inerooaed in size, dots are 
made every 2 or 3 minutes and these are joined, the 
line then described is almost suictly rectilinear. in 
.trong contrast with the lines Ulade during the day. 
time, This Wil.S obsefYed with Desnwdiutll 'lyran' and 
MinkW& pudica. With this latter plant, morcover, the 
pillooo converge in the e,"cning by a steady move-­
ment, whorena during the day they are continuall y 
oclU verging and dil'erging to a slight extent.. In all 
such cases it "as scarcely possible to observe the 
difference in the movement during the (iny aud c,'en. 
ing, withollt being con"ineed that in the evening the 
plant saYC8 the expenditure of fofC(l hy not Uloving 
laterally, aml that its whole energy is now expended 
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in gaining quickly its prol)(!r nocturnal position by 
tl. direct course. In s<!yeml other cu.ses, for instancc, 
when n leaf after describing during the day one or 
more fair ly regular ellipses, zig1.ugs much in the 
t'vcniug. it appcurs liS if cllcrgy \\'/\/1 being expended, 
sv thnt the greltt cnming rise or fnll might cviu­
{'ide with the period of the <lily proper for t his 
mO\'('Ulellt. 

'rhe must complex of all tIle mo\'ements perfonned 
by sleeping pLllliS, is that "heu leaves or leaflets, 
nftt'r d~s('ribing in the dnytime ile,'eml YertiCll.lly 
directed ellipses, rotnte greatly on thcir axes in the 
c\'cuing, by which twisting mOVClllcnt they occupy 
a. wholly different l».!ition nt night to what they do 
during the flny. For instance, the tcrmillnl leaflets 
of CIUIJ:!ia not 0111y move verticHUy downwards in the 
enming, hut twist rOlmd, So that their lower surfaccs 
fnce OlltlllUds. Such mo\'emcutsllre wholly, or almost 
wholly, confined to leuflets prQ\'ided with It puhillllS. 
nut this torsion is not I~ new kiml of mo\'ement 
introduced solely for the purpose of sleep; for it 
has Lecn shown that somc leaflets whilst describing 
their ordinary ellipses during thc daytime rotate 
slightly, causing their blades to faoo first to one s.ide 
Imd then to another. Althuugh wc can see how tIle 
slight periodical lllu\"enH'nts of leu\'es i ll 1\ vertical 
plime could be easily converted into the greater yet 
simple l1yctitropic movements, wc do not at present 
know by "hat grndlU\ted steps the more complex 
movemenh, effected by tho torsioll of the Jlllh"ini, 
hlwe been 6C<l'lired. A probable explanation could 
be gin'n in each Cil.se only after a close investigation 
of the 1I1O\'eU1ellts in all tho Illlicd forms. 

}'rom tho fucts and considerations now adnlllced \\1' 

may conclude that n)'ctitropism, or the !:Ikep of letl\'~ 
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Hnd cotyletlonl!, il! merely 11 moc.l ification of their ordi ­
nllry eircumnlltati ng movement, regulated ill its period 
lind amplitude by the alternations of light and dark­
uess. Tho object gained il! the protection of the upper 
surl',lC(}8 of tho leaves from radiation lit night, often 
combined with the mutual proicetioll of the scveral 
llllrts by their close approximation. In sllch cascs as 
those of tho leaflets of Cassiu.---of the t('rmillul leaflets 
of l\fclilotul!---of all the leaflets of Aru.dds, Marsiiell, 
&c.-wo han~ ordinary ciroulllnututiOIl Illodified to the 
extremo extent known to us in nlly of the se\'eml great 
c1l\ll.iCS of modified circumnlltatiOll. On this viel\' of 
the origin of nyctitropism wo can understand how it 
is th'lt 1\ few plants, widely distributed throughout the 
Vascular series, have beeu able to ileqll irc thc habit of 
placing tho blades of their leaves \'crticnlly tit night, 
that is, uf slooping,-n f,let otherwisc inexplicable. 

'1'ho leaves of some plants mo,'o during tho day in 
it. manner, which has improperly been called diurlUl! 
sleep; for whell the sun shines brightly on them, they 
direct. their eoges towards it. '1'0 such cases we shnll 
recur ill tlle following chal,ter 011 Heliotropism. It. 
has been IIhown thnt. the leaflets of one fonn of 
Poylieria ltY(J7ometrica keep closed during tile day, tlll 
lung Ihl the pillut ill scnntily supplied Ilith wuter, in 
the Ilfime manlier tiS when asleep; Ilnd thi~ apparently 
serves to check evnporution. There is on ly one other 
3l1Uloh't)IIS case knowu to us, ll!UllCly. tlult of e~'rtain 
Gnunincm. whieh fold inwards the sides of thl'ir nllrrow 
lean's, "hen thcso are exposed to the sl\n and to 11 

dry nllllosp!lere, us described by Du,·nl·Jouvc.- We 
hll\'e also ob&cn'ed the SlIme phClIOIllCIlOll in E1Ylllfl' 

•• Allna!.~. Be. Nat. (Bot.),' 1875, tow. I 1'1). ::IW-329. 
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There is Rnother movement, which since the time 
of Liun!llus has generally been called sleep, namely, 
that of the pe1..1.ls of tho many flowers which close at 
night. These movements haye been ably investigated 
by P feffer, who has shown (as was first observed by 
Hofmeister) that they are caused or reglllated more 
by tcmpcrahtrO than by the alternations of light and 
darkness. Although they cannot fail to protect the 
organs of reproduction from radiation at nigbt, this 
does !lot seem to be their chief funct ion, hut rather 
the proteetion of the organs from cold winds, Ilnd 
ospeciall y from rain, during the day. 'fhe latter 
sooms probable, as Kerner· has shown that a widely 
different kind of movement., namely, the bellding down 
of tbe upper part of the peduncle, setyCS in many 
cl.Ises the same end. 'fhe closure of the flowers will 
also exclude nocturnal insects which may be ill-adapted 
fo r their fertilisation, and the well-adapted kinds at 
periods when the temperature is not fa,-ouroble for 
fertilisation. Whether these movements of the petals 
consist., as is probable, of modified circumllUtation we 
do not know. 

EmbrtJowgy of Leaves.-A few faets have been in­
cidentally g i,-en in this chapter on what may be called 
the embryology of lCl.wes. With most plallts the 
first leaf which is developed after the cotyledolls, 
resembles closely the leaves produced by the mature 
plilnt, but this is not always the casco The first 
leaves produced by some species of D rosem, for instance 
by D. Capen8ig, differ widely in shape from those 
borne by the matllrc plant., and resemble closely the 
leavcs of D. raiundijolia, as was shown to us by Prof. 
Williamson of l[unchcster. The first true leaf of 
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the gOI'8C, or Ulex, is not Ilarrow and spin086 like the 
ohlcr le8.\'68. On the other hand, with Illally Legumi­
nous planu, for instance, Cassia, .1cacia lophantha, &c_, 
the fint I"II( has essentially the Mme ChtUllcter as tbe 
older leaves, exoopting that it bears fewer leafleta. In 
'l'rifolium tho first leaf generally Uoilf8 on ly a. single 
iellflot instead of three, and this difters somewhat in 
shal)e from ihe corresponding lellflet 011 the older leaves, 
Now, with '1'rijolium Panwmicum the first true leaf on 
some seedlings \\'88 uuifoliaw, and on others OOlll llletely 
trifoliate; i\lld between these two extreme states there 
were aU 80rta of gradations, some lJOC(llillgs booring 
a single leaflet more or less deeply notcbed on one 
or both sides, and some bearing a single additIOnal 
and perfeet latenll leaflet. H ere, then, we have the 
nne opportunity of seeing (l. structure Ilroper to a more 
advo.nood age, in the act of gradually encroaching on 
and replacing an earlier or embryological C()ndition. 

Tho geuus MeliJotus is closely allied to Trifolium, and 
the first lenf bears only a single lenflet, which o.t night 
rotatcs on its axis 80 as to present one Illteml edge to 
the 2cnith. Hence it sleeps like the terminal lCllllet 
of a mature plallt, as was observed in 15 species, and 
wholly unlike the corresp:mding leaflct or 'l'rifolium. 
\\hich simply bends upwards. It is therefore a cu.rious 
f,lct that in one of these 15 species, vi"., 11f. 7'aurica (and 
in a. IC88er degree ill two others), Jca.,-es arising from 
young shoots, produced on plants which had boon cut 
down and kept in pots during tIle winter in the green­
hOIlS(', slept like the leayes of a 'l'rifolinm, whilst the 
Ictn'f's on the fully·grown bmnchCil on these same 
1)1811ts afterwards slept normally like th086 of a !I(eli· 
lotus. If young shoots rising from tho ground may 
he considered as new individuals, partaking to a certain 
extcnt of tho Mtn10 or seedlings, then the peculiar 
manner in which their lelwel slept may he considered 
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IlS nil cll).bryologicl\l habit, prolmbly tbe result of Ueli­
lotus being desC€lIded from some form which slept like 
a 'frifolium. This "iew is pnrtilllly slIllported by the 
icnves Oil old and young branches of Il1lothcr sl>ccies, 
111. MeBSallfflsis (not included in tIle !lbo,we 15 species), 
always sleeping like those of il. 'frifolium. 

The first true lenf of Mimosa albida consists of a 
simple petiole, often bearing three pairs of leaflets, all 
of which !tM of nearly equal size !llHl of tho same 
shape: the second leaf differs widely from the first, 
and resembles that on II. mature plant (see :Fig. 150, 
1),379), fur it consists of two pilllllC, each of which 
bears two puirs of leaflets, of which the iUller basal 
one is Ycry small. But at the base of eneh pinna 
there is a pair of minute points, e"itlently rudiments 
of leaflets, for they MO of unequal sizes, like ihe two 
succcediug leaflets. These rudiments are in one sensc 
em1ryological, for they exist only during tho youth of 
the leaf, falling ofi' and disappearing as soon as it is 
fully grown. 

With De~modillln gyraliS the two lateml leaflets are 
very mueh smaller than tho corresponding leaflets iu 
most of tho spocies in this large genns; they vary 
,.lso in position and size; one or both nre sometimes 
nbsent; and they do not slcep like the fully-developed 
leaflets. 'fhey may therefore be considered as almost 
rudimentary; and in accordance with the general prin­
ciples of embryology, they ought to be more constuntly 
and fully developed on very young than on old plants. 
But this is not the case, for they were quite absent 
on some young seedlings, and did /lot appear until 
from 10 to 20 leaves had been fonneti.. 'l'his f,let 
lends to the suspicion thnt D. gyran8 is descended 
through a unifoliate form (of which some exist) from 
II- trifoliate species; and that the little lil.teml leaflets 
rel\jJpear through reversion. However this lIlay be, 
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the inwresting fact of the pulviui or organs of mm'e­
ment of these little leafl ets, not hl\\'ing boon reduced 
nearly 110 much a8 their blades-taking tho 11lr~"t'­
terminal lenflet ns the standard of colllpMison-gives 
liS prolRluly the prox imate eauso of their extraordinary 
pOller of gyration. 
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CTIXP'l'EH. VIII. 

lJi.tloctlonbdwoonheliotropialnamlthoeffet.oC light(NIlh"peri~ 
,Heity of lhe 'no~efUcnl& of Inv<:e--lJcliotroj,ia mo~cW('nw of He, ... 
~a."um, ;u.a, and ATena--lJdi,)tropie loo,'em.:nUl ,,>ward/r aU 
oho.cuI'c Ii;.:'" i" Apia., Bra.iiea, I'MI.li., '1'l'Cpeolum, and Cae8ia 
-'\J)I.e1ietl'OJ'ic movement. of lendrilo of Digoonb-Of ftowel' 
I'eduuclel "f Cyclamen - DU1')'i"g 01 the JIOd-Heli<Jlroi,i.m 
..,.1 apheliotKlpi.1U mQdiflcd formor of eifl"umnutatioll-Stel" by 
wldeh one movement il 00"""'1001 into Ihe oIher-TrallS.'erul­
I.eliotropilmua o.di.heliutl'Cpi .... ,inlllllllC()d by epinaaly, the 
.·eight of the pAn and al',y.;ootropi .. ,, -Apogeotrol)i;jtD oVercoUle 
du.in!!: tho ml<ldle or the d"y by diDh~liotropijw-Eft'..,t. of tho 
weight orlhebladeliofrotylooo"I-~U c'(l dinrnalekoep-Ch\ofO. 
phyHh~un.'tlbyiDtensollgbt-llo.etDClItiltonvoidintefUo(llight, 

SACHS first clellrly pointed out the importtmt dif­
ference betweell the activn of light in modifying the 
periodic movements of IClwes, nnd in causing them to 
bend town.rds its sou/'C(',' '1'he IMtcr, or heiiotro)lie 
movcments are determined by tho direction ofihe light, 
whilst pe'riodic DlO\'CIJJCllts Ine a{fL'Ctoo by chnllges in 
its intensity and not by its direction, 1'he periodicity 
of the eircumnutating movemcnt often continues for 
s()mo time ill dMkllCSS, iUI we haxe scell ill the last 
chapter; whilst heliotropic llo.!nding certSes very quick ly 
when the light fails. Nc"erthel('ss, plnnts which hu,'o 
e('asc<l through long-contiulled darkness to move pt .. '­
riodicnlly, if rc-exposed to thc light are still, according 
to Sachs, heliotropic . 

. \pht·liotropism, or, u.s usunlly designated, neg;llil'c 

• -l'hyai"worie "cg' (F....,u"h TroUlIMioll), I ~, PII •• ~, toli, &e. 
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heliotropism, implies that a plant, when unequally 
illuminated on the two sides, bends from the liglu, 
instead of, lUI ill the lust sub-cluss of eilSCS, towards it; 
but apheliotropism is comparati,·cly rure, Itt ICllst in :l 

well -mnrked degree. Thcro is u third iUld lttrge BUt.­

clMS of CIL'lC8, n8mely, those of "Trull.sver&d-Udi~ 
tropismus" of Fronk, which we will hero cull d iahelio­
tropism. Parts of plauts, under this influcnce, place 
themselve~ 1l10ro or less Ifll.llsversely 10 thc direction 
wbence the light proceeds, and are thus flllly illumi­
uated. There is a fourth sulrc!nss, IlS fllr us tho final 
CIlUse of the mo,·ement is concerned; for the le8\"es of 
some plants when exposed to an illtellsc and injuriuus 
amount of light direct themselves, by rising or sinking 
or twisting, so as to be less intellsely illuminated. 
Such mo,·cments ban) sometilllcs been called diuruuJ 
slcep. If thought o.Uvisnble, they might bo called 
pn.rll.heliotropic, and this term would correspond with 
our other t<:rms. 

I t will he showll in tho llrcscnt chapter that all the 
movements included in these four sulrcla88C~, COIl­

sist of mod ified circulllnutation. ' Ve do not prctcnd to 
say that If a part of a plant, whi(ststill growing, did not 
circumllumto--though such 0. supposition is lIIost im­
probublo--it could not bend towards the light; but, llil 
a matter of fuet, heliotropism socms always to consist 
of modified circumuutation. Any kil\d of movement 
in relation to light will ob\'iously be much fncilitated 
by each ptlrt circumllutating or bending sUCCC8Si"ely 
in all directions, SO that an ll.lrendy existing movcment 
hilS only to be increased in some one direction, and to 
be lessened or stollpcd in the other directions, in order. 
that it shonJd bceome heliotropic, apheliotropic, &c., 
as the C38(: way be. In the next chapter some obser­
vutions vn the sensitivencss of plants w light, tbeir 

:'!t::! 
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rule of bending towards it, and tho accuracy with 
Ilhich they point towards its source, &c., will 00 
gil'CII. ~\.ftonl'llf(ls it will 00 8hOll'n-I1IUI this sC€ms 
to liS a point of II\lIch interest--that 8<:nsitil eness to 
light is sometimC8 ronfined to 0. small part of tho 
plunt; and thllt this part when stimulated by light, 
tl'llnsmits an influclleo to distant parts, el:eiting them 
to bend. 

JItliotrQplsm. - Whon a plant which is strongly 
heliotropic (and species differ llIlIch in this respect) 
is cxposud to It bright lateral light, it bends quickly 
tOll'srus it, and tho course JlIlrsllcd by the stem is 
qui lO or nearly streight, But if the light is mueh 
Ilimmcd, or OCCIlSiollaUy iuterrupted, or admitted ill 

~·i~. 168. ;17~)~I:g:~I~II~I\~I:~o~!r:t~~~ 

~ 
zigzllg; and as we have seen and 

• shall again see, slIch zigzag move· 
ment results from thoe]ongatiouor 

t drawing out of tI le cllip!leS, loops, ~ &0., which the plant would haye de-
scribed, if it had been illuminated 
frol\labo\'c, On scI'ora! OCCfiSiollS 

lid" ~uJ:J<'"i" drcumnu. \\'0 were much struck with this fact, 
tAli~1l of hYl'ocot),I,. Je- whilst observing tho circumull!a­
~~:d Ilii~tJth~I'~~I~ lion of highly sensith'c scedlings, 
~~(.:.. ~.~;r!~;~ which WOfe Ullintentional ly iUu­
$.30p ••• DiNtti .... ohhe minated rather obliqu!'ly, or only 
:~~ht: .. t.a~l~ub~;:..~~~ at successi\-e inten'sIs of time_ 

~;~~~:~:~~:~!:::: Rtt:~:~.n:~1\·~I~nfn s:!~~d~: 
u,1t-third gf the orig;uAl of n. room with north-cn.st windows, and _I.. wero kept oo"cl'(l(l \1 1), O:toopt during 

each obe<'rv"lion which Ill.8ted for only n. minuto or two j but tho 
J'C'j:ult "'us that their hn)()OOtyla bowed tllCIDech'CfJ to lhe side, 
whcnoo SOlDO light occasionally cntered, in lines which were 
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only 1I1i~htll rigus. Although not a flinj.'::le (01liJ'*lll'Q.II even 
aWl'Oldumtely fonned, we infernxl fl'Om the "i"",.ng IinC8--llnd, 
1\11 it J)I'O"ool. correctly-that their hYllOCOtyJ.!J ..... ('re (!ircumnuta_ 
tinll:'. for on the rollo~,;jng day th_ Mme J.o«l<UingB were I)la('ed 
in II completely darkened room, lind wero ebt;cryocl 8/lCh time by 
tho aid of a smail wax 11I1)(lr held almOlit 
directly ahove them, and thoir movemonU! Fir· 169. 
wore tm<'ooen a horizontal glass abovo; 
lind now thoi r hypoootyis clenrly circum-
nutated (Fig. 1GB, and Fig, 39, fonM.rly 
gh'cn, ). 5:.!); yet th01 moved a short 
distn.nootowardathellidewhcrothetallCr 
washeldup, lfwolookattheeodiagrallllJ, 
and lIUPpollO t1mt the tapcr had bc.>en held 
IOOro on one side,aml t11at the hypocotylll, .#s! 
Btill circumnutaling. had bent tllCIUl!t'lves 
within the .. mo timo much moro to ... ·ar<l1l 
t he light, long zigzag lines would ob-
viously hnvoOOon UlOrosuit. 

Agnin, two IlOOdlings of &lallulIl I!I~ 
~lieu1l"l lI'ero illuminated from aoo,'o, 
lmt a(l('ldentnl!y a little more lightenterod 
on ollethan on ally othc.r side,lUld thei r 
hypoootyls bec4meslightly bowed towllrdS 
thebrightcrllido; they moved iuarigr.ag 
linellud dl'lCribed in thcircoU1"116 two little 
triangles, Q.II acen in Fig. 37 (p. 00), and 
in anotllet" tracing not given, Tho shCflth­
/ikeootyledorusol Zmmay. behavoo, nnd(Or 
nwlysimiJarcircumstancetl,inanearly ~, 

::::~ ~)~~~),rio~tl~~:/:~::~~,: d=~~~;':~~~~; 
during the wholo day towards one side, t<'trltd~h (Ii ihch in 

:~:~:~~~:~8W~:~;! th:~o:\I: ::~~ :;:;~~~l~~~~h;:~: 
IIOW grcatlyordinllryeircumnutationwlU! 
1ll0<Iifioci \>ya lateral light, !IOlOe seedling OIIts, with miller old 
anol th('l"('f.)ro not highly S('nlIitivQ cotylooonA, \\"(01'6 plllC()(l in 
I"l"ont of" north~t window, towards lI'hich they bent all day in 
a stron~ly 7.ipag COUI"6O. On the following day they oontinued 
to bend in tho 611Jne direction (Fig. 169), bllt zipaggo::l IOlIch 
!eM. The sky, however, became betwC('n 12..10 and 2..35 1'.1I, 

W Ii< ;; "~ rwn nil P 
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gulnrly towards It. bright lnternl light. ln order to !J.S('eriain 
how strnight a course it would pUrI:!ue when filirly well i11umi­
lmted 011 one side, seedlings wert) firat plncOO befOrt)Dsouth-Wef;t 
window on a. eloudy Dnd miny morniug; alld tho movement of 
two hypocotyls wcre ,meed for 3 h., during which time th!'y 
became greatly bowed towards tho light. One of these traciugs 
is giveu on p. 42-3 (Fig. 170), and thooourse nmy be seen to be 
ahnOlltstmight. nut thenmonntoflightonthisoocasionwns 
superfluous, for two scedlin/:;s wert) lllaeed before a north-en.st 
window, llrotreled by nll ordinary linen and two mnslin hlind~r 
yct their hypocotyls mo,·OO towards this mlher dimligltt ill 
only sliglltly zigzag lincs; but after 4 P.M., as the light waned, 
tho lincs bccnme distinctly zigzag. Qno of thC9J fcOOlinl'E, 
moteO"l'er,doscribodin the afternoon nn ellipse of cons.idclablo 
sizc, with its longer axis directed towanL! tho window. 

Wo now determined that the light should be made dim 
('uough, so we hcgan by exposing se,·oml ree<llill(;li before n 
Ilorth-en.st window, prol.celed by ono linen blind, throe musliu 
blinds, 1I1I(1 a tOI\·el. But so little light entered that a pencil 
cast no perceptible shadow on R while card, Rud the hytlOCOtyls 
did not bend at Rll towanL! Iho whl(low. During this time, 
from 8.15 to 10.50 A.1I., the hy)lOCOty!s zigzagged or circum­
nutllied near the wmo spot, lUI may be seen lit A, in Fig. 171. 
The towel, theroforc, wns removed at 10.50 '\.X., and replaced 
loy two mnslin blinds, Rnd 1I0W tho light JlIlIlSOd through 
ono ordinary linen and four mnslin blimls. Whon!l. pencil 
was held upright on a co.rd close 10 the seedlings, it eRst a 
shadow (pointing from tho window) which could only jnst 
be distinguished. Yet this very slight CXOO!J8 of Jigllt on 
one side suflicOO to cause tho hypocotyls of all tlle socdlinl!S 
illlluediniely to begin bending in zigUig lines towards tho 
window. The conrse of one is shown at A (Fig. 171): nfler 
moving towards Ihe window from 10.50 A.M. to 12.18 1' . .\1. it 
bent from the window, and thon returned in a nearly parollcl 
lino; that is, it ahn06t eomp!oled between 12.48 an(12 I'.lI. 
n Illlrrow ollipao. Lu.to in the o,·cning, 118 tho light wnned, 
the hypocotyl ceased to bend towards tho window, and circum­
nntRled on a !IIllRll scale round the lI."lmo spot; during tho night 
it moved considerably bMkwRnis, that is, becRmO more upright, 
through tho action of Rpogootrol)ism. At D, we havo a tracing 
of tho movcmentsofanother seedliug from tho hour (lO.50.\.M.) 
whon the lowel waS I"Cmoved; and it is iu all esseutiRI respects 
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"imilar to tho Ill'(lviotlll ouo. In these tl1l'O C08C(I the:ro could be 
no doubt that tho ordinary circumnutating movement of tho 

, hYJXlCOtyl W:\I! modifiod nnd rendered heliotropic. 

F;g.171. 

i 

.... 
.ApOcr.~: heliolroplc moyemtnt .... Idreumnulalion of the hypo­

Myll of t .. o ~linpto ... ru. a dim lMe •• l !irbi, tl'llOlO<l ou • ho,I,OIII.1 
I!'l~. during the d.v. Tb, b.<>ken linn ohow their relurn noctu",.] 

~\~:'hal:~;~!];rn~1':1!!1 of A '5, and of D -55 iuch. Fign .... reduu,1 

/Jnwiro okroeea.-T110 hypoootyl of tho Mbbage, when not 
di~hlrbod hy a lateral light, circnmnutalc8 in a complicated 
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lUanner over lloorl1 tho same 81W'!(), and So flgure fonnerlygiven 
ill here reprodllord (Fig. 172). If the hypoootyl iB e.J.:POlled to 
II model1'ltely IItrong latel1'll Jjght it lIlOveI quickly towards thiB 
ude, travelling in a straight, or nearly straight, line. But when 
thelatemllightis"erydillli\JIoourooilloxtremelytortllou8,lInd 
evidently <'-()!lusts of modified circumnntatioll. 8c«lIinga were 
placed beforo II north-eaat window, protected. by II linen and 
muslin blind and by a towel. Tho sky WIUi cloudy, 80nd when· 
ever tho eloll<lll grow • little lighter an adrlitional mualin blind 
WRII tem{»rnrily IIUllIl<'-ndod. The light from the window was 

C...uit:n 01_, ordinary circllm,,"uting mOYtmt llt oftb, hrpocotrl {·f 
.-thOl"l .... &.. 

thus w much obecnrod that, judging by the unassililod eye, tho 
scedlillg3 appearod to roceive more light from tho interior 
of tile room than from the ""indow; but thiB WllfJ not really 
tho case, as was sho1fll by So very wnt shadow C8.l<t by a pencil 
on a card. JI,'cvertheIC8ll, thiB e.zlremely small CJ:0088 of light 
011 ono eido CIIullod tho hypocotyls, which in tllO IMming J13d 
stood nl)rip:ht, 10 bend fit right tl.nglOlJ towards tho window, 
80 thtlt in tho evoning (aOcr 4.23 P.X.) tileir ooureo had to be 
tmood on a vertical glue parallel to tho window. It IIhonld be 
Il1atod that at 8.80 P.lI., by which timo tho IIky hM. boo:>me 

. darker, tho Io"'el WIl.8 removed and rep!oood by lUI additional 
muslin blind, which itself W&II removed at 4 I'.M., thc oilier two 
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Nimh being left lIuspcnded. In Fig. 178 tile OOUrtlO pnnmec:1, 
betw(.'Cn 8.9 A.lI. IUld 7.10 l'.lI., by ODO of the hypocotyJs thus 

'rIV),m, 

,,~ 
11'9'11111, 

~.:!:;' 

B~ okmctn, boH~lroplcmn"fmfnt."" cll't1lmlluu.li .... o(a bypomty l 
""",a""a .. er;rdimlaurallighl.,l..-t durlnt 11 ~"" ... noa hori~""t.1 
gl-.. In Ih. mornillg, &11'\ 00 a nnieal ,1_ in Ih, ...... i .. g. Figura 
. Nundt.o_thirdo(tbeorigi ... lacaJ,. 

expolled ill llhown. It may he ohllcn6l1 that during the tim 
IG Ill. tho hypocotyl mo.ed obliquely from the light, and this, 
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no doubt, was dne to its then circumnutating in Ihis direction. 
Similar tUOl "«we repeatedly obeerred, and" dim light rarely 
or UOl'tr produrod any <"ffed uutil from " quartor to Ihroe­
quarters of an hour had elap6ed. Arter 5.l5 1'.IIl., by which 
time tJlC li~ht lind beoome 

."",,,re, "" ),,.,,,,,,,.,, tqu.(f~\"'" ."" ...... "~ d: 
began to cirelUUfiutate 
about the IlllIllC8POt. 'fhe 
llOutmllt betwoon the two 
figure. (172 nnd 113) 
would lIa"o been more 
.triking, if they had ilren 
orij!illaUy (Irawn on tbe 
same erale, and had beeD 
equallYl'O(luced.. Dlltthe 
mol'('mente shown in Fig. 
172wereatfirstmorelUllg_ 
uifted, ao{I havo been Ie­

ducod to oulyoM-half or 
theorij:!'inll ' flCale;\\'heret\8 
IhOllO in Fig. 173 were at 
first lou m"S"nifted, nll(I 
llAl'e been reduced to a 
one-third scale. Atraciug 
made at the 6IIme lime 
.-jlh the last of tile 
mol'cmcnta of a IIOOOnd 
bypoeotyl, pl'ClClltOO no 
cloecly aDllologoM appear­
ance; but it did not bend 
quiteaomuciltov.ardsthe /tH'«.m.Srp:tI.'!', 

light, and it cireun.'n,l~- PAaJarU c~: "~Uotro iemQnment 
tatoo mther more ,1>1&111 ). ftnd cir<:nmnut.ltion of • .. S,u ~ld ..".11-

1'1wl" t;~ C'aoontlui •• - ledon,tow .. dudnlliaterlll!ight.tr&ct<\ 
TheBhcath-likeootylodou8 oll.horil<)Qt.lgl ... from8.'~ A .•. Sept. 

~~a~iB :~oo:r!~:t~o~ ~~~~t~i'~~ :r:ri~;~i ~:!~r. redu~ 
trial, bocnuee they Bre l'ery l!oI'uRitiVll to Ii~ht and c.ireillnnutllto 
well,,, formerly shown (_ Fig. 49, P. (8). A.lthough we felt 
no doubt about tho fIlIIult, aome iIOOdlinpi were first placed 
bcrore a aouth_wost windo .... onamodcrately brightmoming,and 

. the movements or oue .... ere traced. As ill ao oolDmoo, it mol'OO 
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forthellrat45m.iullozigzagline; it then felt the full illfluenoo 
of the light, fwd tnn'eUed towa.rds it for the next 2 h. 30m. in au 
almOilt straight line. The tmeing has Dot been giycn, fLIJ it WfLIJ 
almost identical with that of ApiOl! uuder similar eircnm­
stances (Fig. 170). By noon it lmd bowed it~elf to its full 
extent; it then eiroumllutated about the SIlme spot and described 
two elliJlS06j by 5 P.R. it had retreated considembly from the 
light, through the actien of apogootropism. After some pro­
liminary trials for a.seertainillg the right degree of obscurity, 
some 1lCOI1iinga were pl:u:ed (Sept. 16th) bofore a north·cast 
window, and light was admitted through an ordinary linen 
II.lld throe muslin blind~. A pencil held clO6Cl by the pot now 
cast a "cry faillt ~hadow on a white card, pointing from the 
window. In the eYcning, at 4.30, and again at 61'.)1., some of 
the b!ind~ were remoYed. In Fig. 174 we see the COUn;(l lmrsued 
under theae cireumsffinOOll bya mther old and notyery sensitive 
cotyledon, l·g incll in height, which became much bowed, 
but Willi never rootangularly bont wwards the light. From 
11 A.n., whcn the sky bocrune mther duller, unlil (i.30 P.M.., the 
7.igzagging WIIoII conspicuous, alld evidcntly consi~ted of dmwn­
out ellipses. After 6.30 P.X. and during the night, it retreatecl 
ill a crooked line from thll wiudow. Another aud younger seed­
liug moved duriug tho sarno timo much more quickly aud to a 
much greater distance, in lin only sliglitly zigzag lino towards 
thc lip:lit; by 11 A.M. it was bont almoat rectangularly ill this 
diroction, and 1l0W clrcumllutatcd about the same pla.ce. 

TrQ]XWlum . • najm.----Some vory young J;OOd!ings, hearing only 
two leaves, and therefore not 118 yet arrived lit the climbing 
stage of growth, wore first tried before a north-east wiudow 
without any blind. Tho epicotyls bowed themseh-ca towards 
tho light so rapidly that in littlo more than 3 h. their tipa 
poiJltecl rootaugularly towarda it. The lines traced were oithor 
IlClirly stmiglit or slightly zigzag; aud in this latter caso we 
I!OO that a trace of cireumllutation WIUI retained eycn nnder tho 
influeuce of a moderately bright light. Twico whilst these 
epicotyls were beuding towards tho window, dots wore made 
eYcry 5 or 6 minul.e8, in order to detect any trace of latend 
U10\'emcut, but there was hardly (my; and tho lincs fomu)(l by 
their junction were nCll.l'ly ~tmight, or only vcry slightly zigzag, 
lioii in the other parta of the figures. After the epicotyl~ had 
bowed them.selvC18 to tliO full extent towa.rds the light, ollipses 
of cOIls.idemble size were described iu tho usunllllallller. 
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After having lOCu bo" the epiootyls mo,..oo towards s mode­
rately bright ligbt, &eedlings were plaeed st 7.t8 "' . .11, (Sept, 7th) 
Wore a UOrUl-c8.!lt window, ooverod by a towel, and ,bortly 
afterwanls by an ordinary lincu blind, but Ule ciliootyis still 
movod towards tho window. At 9.13 .... .11. h'o additional muslin 
blinds were sllspcnded,!lO tbat tho soodtillgft roocivoo yery little 
more light from tho window than from the inUlrior of the room. 
The sky mocl in brightnef!!!, and tho 800diings oocaaionldly 

~';g. 11$. 

received for a short time less light from tho window than from 
the oppOllite ~hle (1l8 IloIIOOrtained by the shadow Cl\ilt), and then 
one of tIll! blinds \\"88 temporarily reIDOl'oct In the el'ening 
the blinds were taken away, one by 0110. TIll! OOUJ1lO punmed 
by an cpiootylunder tbOlJEl cirenmstanO(lll is shown in 1:'ig. 175. 
DurinA' tho whole day, until 6.45 PM., it plainly bowoo itaeJr 
lowardslhe liJ:llt; and tile tip moved 01"Cl' a oollllidcrable IJPIOC. 
.Uter 6 .. W 1' . .111. it moved backwards, or from Ule window, till 
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10.40 P.ll., when the last dot was made. Here, then, we havo 
11 distinot helioh~l)ie mOI·emellt, cifectctl. by IUcans of six 
elongatod figure!! (which if dots had be(:n made c,'cry few 
minntes would have been more or Icss elliptic) diroctoo towards 

Fig.li6. 

1 
/ 

'r 

tho light,withUlC apcxofcachsnc­
cessive ellip8(l nea.l"C! to the window 
than thoprevioll8one. Now,ifUH) 
light had bcenOlllyll.liUle brighter, 
tho Cl)it:otyl would havc rowed itself 
more to tho light,llJi lI"e maysll.fely 
oone\udcfrom tho provious triuls; 
thoro would also hal"O been less 
luteratmol"orucnt,ulldtheellip6Cl:!or 
otherfigurea would hlHe boon drawn 
out into a. sUonglyruarked zigzag 
line, with l)robably one or two small 
looj)6stillformoo.. lftllolighthad. 
been much brighter, we shonld have 
had a &lightly zigzag line, or one 
quilo strnight, for tllCJe would have 
bcenmore mo'"emcntin thediroo­
tionofthelight,llondmuchlesafrom 
s.idotos.ide. 

8achsslllleathat theolderilltcr­
nodCII of this 'froprooillm urc uphe­
liotopie; we therefore placed a 
plant, lU inchca high, in a bol:, 
blackened within, bnt open on one 
s.idoin front of R llorth·(llI:jtwilldow 

Tr~fJi"Jl"11I maj ... : heHotropie witboutanybiilld. Afilamentwaa 
"'OV.IIl'D~ Bu·l oiroumnuta_ liKed to the third internode from 

~:~J~f8 ~:~:~I t~~~:,,~.i tho sUllllllit on one pJlUlt, a.nd to 
on a hori.onul glaso'from8 the fourth internode of another. 
A.Y. !';o~. 2nd to 10.20 A..X. 'l'hese internodes were either not 
~:v~:t~rn~~cl:o-:!~ea .how old enough~ or the light was not auf-

ficicnUybrlght, to induce aphelio­
tropism, for both planla bent slowly towards, inlltco.d of from 
tho window during fonr dnya. 'fho oourse, during two dn.}S of 
tho tiISt,mentioned. internode, is given in Fig. 17G; and wo soo 
that it either eiroumnutated on a amall 8CII.le, or travclled in a 
zigzag line towards the light. We ha.,"e thought this case of 
fOt;ule heliotropism in one of the older intcrnodea of a plant, 
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wWeh. wlliIsst 10ung, 18 110 extremely 8(lnsitivo to light , worth 
giving. 

C .... .:a tom. - The ootyledollll of t biB plnnt are extreIll(:ly 

:=~.1!0 ~~ht.:u~:t I:: .1;. 177. 1J"P.m.7~ 
IICnsitivothanth08OoflD06t 
otber lloodliogs. as wo lu~d 
often ol.>ee rnrl withaurprise. 
It &OClliod therefore worUI 
while to traoo their mo'·e­
menU!. 'thoy were Olposed 

to a lato",1 light bcrorea 
north-eu~ windo ..... , which 
~·aII at llra\ oow!rod merely 
by a mlUtin blind. but as 
the ilry gro ... brighter about 
II .... )1 •• an additional linen 
IJlind w"'lIuspended. .After 
-! P.lf.Olloblilldand tbcn the 
other WII.8 rcmo'·ed. The 
BOOdlings woro prol«:tOO. on 
cnch sido and abovo, but wcro 
ol)(:n to t ho diffused light 
of tho room in thorcar. Up- i 
right filamcnls were filod to 1 
the ilYl)OOOlylll or two seed· i 
lings. which lltood yortically . rrr=--
~:';."~'';'~:~ ~~"';'7~i \ ffoUJ. 
aho..,;, tbooourao IlUl1IUed by !J 
ouo of them during twoda)"8j \ IrtUlf..1JI!o 
but itabould be )Jarticularly . ,r"7*rzm..gt.' 

=da;I~~I~s!I~~:W:': ~7t1>/ 
~~!~ i~i~~~~:·~ldro~~~ c.;u;~lli~i;:~1Er::!.~u~~ 
nearly UIC IlIllllO amalls)Ja.eO.. go)_ frOta ~ .... ". I<) 10.10 P.X. (kt. 

On the first day (Oct.. 7th) 7th. Alao 11-1 drc.IOUut.OIioa ;Q 

~.:.y~~~ ,:: .. odto~':;:: ~:~f~~~1U1.0ct.8th10 7.~ 
tho light iu a zig7.3g line, then turned nllrupUy 10 the left, 
anJ &Ilcrwarda described a IlDlfIlI elJipee. AllOther irregu.br 
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clliJIIIEl \\'W! completed betwccn 8 P.lII. and .. bout 5.80 P.)!., 

the hypoootyilltill bending towards the light. The hy}Jocot)'1 

\ 

lig. 178. was sl:might and upright in the morn­
ing, but byG P.lI. ilsuppor half W0.8 
bowed towards the light, 110 that the 
chord of the are thUil formed stood at 
liD angle of 2()'> "ith the)X'rpendicult.r. 

\ 

After GUl.ia ooul'8ewlUlre.eraed 
through tho actiOD of "JlOF;OOtropism, 
aDd it continucd to bend from tllO 
window during tho Iligilt, lUI shown l,y 
the brokeD linc. 011 the llc:Jt day it 
" ' lUI kept ill the dark (nccpting whon 
each obiervatioD WI\.II made loy the aid 

Y 
of a taper), .. nd tile COUlll6 followed 

. r~7A ... onU .. 8U'to7.""""nn 
the 9th is here Iiko'lll'i&e -wwn. Tho 
difference between the t'lll'O pam of the 
figure (177), namely, that de8Cribed 
during tho daytimo on the 7th, wheD 

\ OIposed 10 a mther dim latoral light, 

<. 
nnd that on the Slhindark.lless,iII 
s triking. Thedilf(l.renceoo.ll.lliBtaintile 
linea during the first day havmg been 
drawn ont in the direction of the light. 

\ 

The mo'cmentllof the other seedling, 
.. tr&OOd under the llame cinmm.stanOO8, 

wcrecloac1ysilllilar. 
Ap}ltliolropi. m._We succeeded in 

obacn'ing only two CD&08 of allhclio­
h'OlllslU, for th_ aro80lnewhat rare; 
and Ule I,llQVClllcnb! are generally I!O 

B.~:':':"~';:t.~~ :~:b~=:~~ =~ have been "ery 

~ri]. t.......! 011. hon· Bi!JRQWla, ropreolala.-No organ of 
lonu] glUi r ....... 6.4:; AlIJ'plani,lIIIraraswehaveseeu,bend.i 

!~~~:II~~~=~I:~ ~~:~:d~i~!C~~Yt~:mD:!:O::t. a;h~; 
mAgnified, bere ft(]uced Are BIIIO rouJBrkablo from mronm­
to ., w<>-thirdl or tbf uumUng much 1_ regularly than 
orlg" ... 1 .... 1. . mORt other tcndrib, often remaining 

stationary; thoy d(]pond on aphcliotropiSlll ror coming into 
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contact with the trunks of heeI!.. The fJf.cm of a YOUDg plant 
..... tied to •• tick at the baae of a pairo( IInotendrile."hieh 
projeeted almOllt vertically npwardJJ; and it WM )Jiaoed in 
front of a norlh-ca.st window, being protected on all other sidOll 
from the light. The first dot W&8 made at 6.'15 A.M., and hy 
7.85,1..)1. both tcndrila felt the full infiuenoo of the tight. for 
they moved straight away from it until 9.20 A.M ., when they 
ciremnnntatod for A time, still moving, hut only a little, from 
the light (Il00 Fig, 178 of the left-haml tendril), .Uter 8 P.M, 

they again IDOvod raJ)id ly Away from the light in zigzag linea. 
By a late hour in the evening both had moved &0 fur, that 
they pointed in a direct lino from the light. During tho night 
lheyretumed a little in a nearly oPl)()IIite diroction. On tho 
following morning tboy again moTed from tho light and con. 
Terg«i, eo that by the e"cuing they had heeomo interlocked, 
still l)Ointing from the light. The right-hand tendril, whilst 
oonTerging, zi~god much more than tho one figured, Both 
tracings ahowed that tho apbeJiotropie 1UO"cmcut was a modi. 
lied tormofeircUJllIlIltat ion. 

Cydamtfl. Per,ku.m.-Whilst this plantis in ftowerthepeUUIlclcs 
staud upright, but their uppennost part i8 hooked &0 that the 
flower it.sclf hange downwards. All IlOOn &8 the poda begin to 
ewell, tho pedunelOll inerease much in length and Ilowly cune 
d OWUWll.rdJJ, but the ahort, npper, hooked part strnightcne itself. 
Ultimately tile podJJ reach the ground, and if this Ie O(lvered 
~th mou or dead loaves, they bury themaclvOl. We have often 
lMlCD .noer-like dcpreeeions formed by Iho podJJ ill darnp lIIUl(i 
or sawdust; ami one pod ( '3 of inch in diameter) buried itself 
in lInW'dust for Ihree-quarlen of its length,t We shall hal'e 
OttaIion hereafter to O(lnsider the object ~Incd. by thi.ll bUfJing 
procea.. The podnneklll can ~hange tho diroctioll of their cur­
m lure, for if a POt. with plants having their poduncl68alrefldy 
rowed downwards, be placed hori:r.ontnlly, they slowly bend 
at rightanglOll to their formor dirootion toW'ard8 tho ooutro of 
the oorlh, Wo therefore Il.t fil1lt lIottriuutod tho movClllent to 
gootro) ism; but a pot which had \u.in horizontally with the pods 

• ' The Mo'ement. and Uabita 
~C1imbiogl'''nu.,'1875.p.97, 

t The pedllllClN of lIII .. e,.1 
other Ijl('<!ltl or CydaD>t'1I Ul'ut 

~~"=E\:IIl!.·&:~~~ :: 

IallieGlrden,'Caoto..,iii.p. 12G). 
the pooU forcibly pcneu.le tile 
earth. See 1.1..0 Gl'l'Qier IUId 
GOOroo,· F1o~d""·l'Iluoe,'tolD,ii. 
p.t~. 
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al1 poillting W the ground, was reversed, being still kept hori-
1.OlItal,1IO that tho IJOds now pointod diroctly upwards; itwQ.S 
then pla.ced in a dark cupboard, but tho pods still pointed up­
warusafter fourdaysll.nd nights. 'rhe pot, in thellllme JX.IP>ition, 
Wll.fl noxt brought ho.ck iuto the light,alld after tlVodaya tllero 
WI\.l:l60me bending downwards of the pedunelos, and on tho fourth 
day iwo of t1lom )lOinted totlie Ct)nireof the earth,IUldid the 
othel"l:l after an additional day or two. Another plant, in a pot 
which had alwllYIl stoo:xl upright, was loft in the dark cupboard 
for si:tdays; it boro 3 peduncles,and only one became ... -jlhin this 

1 
.-\ 
1. 
VI. 

fig. 179. 

» 
.~~ 

L~ 
"'" ("yo;I(1mt>l P ..... ku"', downw .. rd .pheHolropie movement or .. Hower-f"'lunc1e, 

g .... tlym.gDifi.d(.bout47tim ... ?).lr_doIl .. horizonlalglusfr,,,,, 
1 P .•. Fet..18thto8A .•. Zht. 

lillie at all bowed downwards, and that doubtfully. Tho weil'h!, 
thereforo, of the pods is not the cause of the bending down. 
This pot ..... 1UI then brought back into the light, and after three 
days the peduucles were considerably bowed down ..... ards. We 
are thus led to infer that the downward Cllnature is due to 
aphcliotropillm; though more lrials ougllt to havo i>eou made. 

In ordertoob60r\"e the nature of this movement,apc<:lunele 
hearing a larg<) pod Wl1kh had. rea.ch1Xl and rested OIl thl' 
j!tOlilld, Wll8 lifted a littlo lip and l'CClIred to a ~tiek. A filament 
was fixed a61"Q116 tho pod wilh :1 mark beneath, alld illl mO\'e-
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Jll('ut,l:O'ffitlyrnagnilied,lI'll11tro.cedona hori7.ontalgla$lldllring 
67 h. 'fhe "lani W&II illuminated during the day from above, A 
oopyof tho traeillg i~ gh'en on p. 434 (}'ig. 179); and there roll 
he no doubt that tllO descending movement is one of modilied 
eireummllation, but on an extremely 8malll!('nlo. The obl!crYlI­
lion WM repeated 011 another pod, which hMl partially buried 
itsself in "'Iwdll~t,and which w,",lifted IIp (I (1l1artcrof 811 iucll 
abovo tho 8urfnoo; it dcscribed throo \·c ry small circltoflin21h. 
Con8id('ring tho gr<lat Icngth ami thilllHllIII of illO peduncles 
and tho lightue811 of tho pods, wc may oollcludo that th('y 
would Ilot be able to c:lcavaw saucer-like dcpl'C8llioll8 in II:ml\ 
or sawdullt. or bury thelIllle!YCII in 11lO8II, &0., unlCIIII they were 
aided by their oontinuoo rocking or cireulllllutating movo­
ment. 

Relation bttu:een Circllmntliation alld lMiolropi.m.­
Any olle who will look lit the fo«'going diug-nulI'l, 
sho"' ing the movements of the stems of variOllS vlnnt.~ 
towllrdS n latehll nml mort' or It'SS dimmN light, will 
he forced to ndmit that ordillnry ('irClIllllllltatioll :mtl 
hcl iotropiJ;1I} graduate into one allot her. WI\(' n :l. 
plant is exposed to a d im la teral liglll I\nu cont illllf'H 
during the wholo day bend ing towards it., reced ing 
late in the e,·elling. the mo\'ell}ent \1I\(I"cstiollttbly is 
olle of heliotropism. Now, ill the cnse of 'l'ropa'Ollim 
(Pig. 175) the stem or (,picotyl obdo\lsly ('ircumllll­
tated during till' "hole dl\Y. anti yet it cont inued Ilt 
the .8tl. lIle time to mO\·e heliotropicall~'; this hI tter 
movement being effected by the npex of ench SII('('(>8-
sh'o elongated figure or ell ipse stallding lIearer to 
tho lig ht than the previolls onc. [n t he cnsc of 
Cassin (l~ig , 177) t he comparison of the mO\'('IlIt'nt of 
the hypocotyl, when exposed to n tlim lateral light and 
to darkness. is very instructivo; as i~ tlmt between 
the onliuary circumlllltating mO\·emcut of IL seedling 
Bf1l8IIica {Figs. 172.173), or that of 1)llIllnris (Figs. 
49, 17<1). IUld thei r heliotropic movement towanJs a 
,,· indow protc<:ted by blindil. 111 both these ctulC~. 
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and in Illany others, it was interesting to notice how 
J!rodually the stems began to circumuutnte as the 
light wRlled in the evening. We ha,"e therefore many 
kinds of gradations from a moycmcnt towards the ligbt, 
which 1IH18t be considered lUI one of circumnutstion 
v(>ry slightly modified and still cOllsisting of ellipses 
or circlcs.-though a mo\'oment mow or less strollgly 
zigw.g, with loops or ellipscs occasionally (ormed,-to 
1\ nearly stroight, or c,oen quite straight, heliotropic 
oourse. 

A plunt, when cxJXlSCd to !L lateral !igM, though 
Ihis may be bright, commonly move/! at first in a 
Zig1.ag line, or e\'en directly from the light; and 
this no doubt is due to its circumllutating at tho 
lime ill n. direction either opposite to the source of 
the light, or more or less trnns,"ersciy to it. As soon, 
hOllevcr, as the direction of the circnmnntatillg move­
!nellt nearly coincidcs with tlmt or tho entering light, 
the plant bo.!nds in a straight courso towards the light, 
if this is bright. 'fhe course nppcnrs to be rendered 
morc and more rapid and rectilinear, ill accordllnce with 
th(' degree of brightness of the light-firstly, by the 
longer axes of the elliptical figuTes, which the plant 
continuos to describe as long WI the light remains very 
dim, being directed more or less accurately towards 
its sonrce, and by each successive ellipse being de­
i'«·ril>O(\ uenrer to the light.. Secondly, if the lighl 
is only somewhat di mmed, by the acceleration ami 
increase of tho movement towards it, lind by tll (' 
r('irmialion or arrestment of that from the light, 50111(' 

latenll movement being still retained, for the light 
"ill interfere less with a mOl-ement at right angles 
to its diroction, than with one in its o",-n direction.-

• In bi, pe.per,'Uebet ottoo. t1.~l1e· ('Atbeiten de. DoL Imt. 
tKr(l(l I,IDd plagiotrope Pflanzen_ ill Wilnbmg,' BAud il Helt ii. 
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Tho result is that the course is rendered more or less 
zigzag and ullequRI in rate. LMtly, when the light 
is very bright all laterol movemcnt is l08t; and the 
whole encrgy of the plant is expcnded in rendering 
the circulIlnutating movemeut roctilincar lind rapid in 
one diroction alone, namely, towards tho light. 

'l'he common view seems to he that heliotropism is 
11 quite distinct kind of mo\·ement from eircumnuta­
tion; and it may he urged that in the foregoing 
diagrnms we see heliotropism merely combined with, 
or superimposed on, circumnutation. But if 80, it must 
be assumed that a bright lateral light completely 
stops ciroumnutation, for a plant thus eXI){)SC(\ moves 
in !l stroight line towards it, without describing any 
elli l)8(iJ or circles. If the light he somewhat obscured, 
tbough amply 8uffieicnt to cause the plnnt to bend 
towards it, we have more or less plain evidcnce of still­
continued circulUnutation. It must fur ther be ftssumed 
that it is only 11 laternl light which Las tllis extraor­
dinary po"'er of stopping eireumlllltation, for wo know 
thllt the 8(l\'ernl plants above experimen ted on, And 
all the others which were obsened by us whilst grow­
ing, continue to citcumnutate, however bright the light 
may be, if it comes from above. Nor should it he 
forgottcn Ihat in tho life of each plant, circumnutn­
tion precedes heliotropism, for hypocotyls, epicotyls, 
lind petioles cirClimnulate before they have broken 
through the ground and havo ever felt the influence of 
light. 

We arc tllCrefore fully justified, as it SQCIllS to us, in 
belioying tlmt whenover light enters laterally, it is the 
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1iL(j\'cment of circumnutatiOIl which gives rise to, or is 
converted into, Ilcliotropism and apheliotropism. On 
thi!! view we need not i\'ssUIlIO against all nllaiogy that 
1\ latcmilight entirely stops circumnutlllion; it merely 
('xcit('8 the plant to modify its mov('ment for a time 
in !~ bene6ciai manner. 'fhe existence of c\'ery pos­
ilibie gnulntioll. between a streight CQurse tOlmNs a 
Interal light and II CQurse consisting of a I!crics of loops 
or ellipses, becomes pcrff:'ClIy intelligible. Fi nally, 
the conversion of' cirellmnut~1.t ion inlo hel iotropism or 
apheliotropism, is eio&cly unalogous to 1I'11I1.t takes place 
lIith sloepLug plants, which during the dllytime de­
lIcribc one or more ellipses, often mOl'ing in zigr.l1.g lines 
a nd making little loops; for when tiley begin ill the 
eH!n ing to go to sloo)), they likewise ('xpend all their 
energy in rendering thei r course reetilincllr lind n\{lid. 
In the cnsc of s]oop .. Il\OVemcllts, the exciting or regn­
luting cuuse is II diffcrence in tho intensity of tho 
light, coming from above, at d ift'enmt periods of the 
l\\enty .. four hours; whilst with heliotropic ami aphe­
liotropie movemcnts, it is a differeneo in the intensity 
of tile light on the two sicie8 of the plant. 

7'rall.t<erw .. hdictrQpi.mu. (of }i'rank·) or n hlhelia-
1J'0ln8m.-'fb o CUll8Q of leal'es pln.eing tl lCmselvcs 
more or less tmnaversoiy to the li g ht, with their 
upper surfaces directed towtlrds it, hM bc<-n of lat!' 
the subject of much contro\'crgy. Wo do not here 
refer to the object of the movement, "hieh no doubt 
i" dIRt their upper surfnocs may be fully illuminated, 
hut the meAns by which this position is guined. 
Hurdlya better or more simple instance ('an be gi\'en 

~ • Die "aliir!ipho Wa~l'll(!hlll F ruge iibe. 'I'.Rn'.,e .... I·Gooound 
lIi .... hlunJi: .,on j'8an:wnlhclitln: Helioirop •• m .... " ;&1. Z"ilUIIl!': 
1l(10 ~ .... al ...... ~'oe interCliting 1873, p.1i d «oil. 
artiel ... b,.tbe-.uoe aulhor,"Zur 
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of diahcliotropislll than that olTered by many seed· 
lings, tho cotylooons of which are extended hori· 
zontally. When they first burst from their seed-coats 
they are ill contact and stand ill \'arious positions, 
often ,'ertieally upwards; they soon diverge, and this 
is efl'cclei l by epinnsty, which, IlS we haxe soon, is a 
modified form of circumnutation. After they ha\"c 
Ili\'erged to their full extent, they retain nearly the 
same position, though brightly illuminated lill da~' 

long from abo\'e, with their lower surfaces close to the 
ground nnd thus Illuch shadcd. '1'hero is therefore a 
great conlnlSt in the degree of illumination of their 
upper and lower surfaces, and if they were heliotropic 
they would bend quiekly upwards. It must not, how· 
e,'er, be supposed that such cotyledons are immovably 
fixccl in a horizontal position. When seedlings are 
exposcd beforo a window, their hypocotyls, which art' 
highly heliotropic, bend quickly towards it, and Ihe 
upper surf/lecs of their cotyledons still remain ex­
posed at right angles to the light; but if the hypo. 
cOlyl is secured 80 that it cannot ix'nd, tLIe cotylooons 
lil('llIsch'es change their position. If the t"·o al'(" 
Illaced in the line of the entering light, Ihe one 
furthest from it riscs up and that ncure8t to it often 
sinks do"·n; if placed tnlllS,'crsely to the light, they 
twist " little Illterally; so that in e\'(~ry case they 
endeavour to lllace their upper surfaces at right angles 
to the light. So it notoriollsly is with t1\6 leaves on 
plants nailed against a wall, or grown in front of a 
window, A moderate amollnt of light suffices to in­
duce Buch mo\'cmenls; all that is l\c<:esSilry is that the 
light should steadily strike the plal\ts in Iln oblique 
direction. With respect to the abo"e twisting move· 
ment of cotyledons, Frank has gi\'cn many and much 
more striking instances in the ease of tho lcavos Oil 
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branches which had been ffLStcned ill nnioU8 positioll8 
or turned ul18ide down. 

In onr observations 011 the cotyledons of seedling 
plauts, we oftcJl felt. surprise at. thcir persistent hori­
zontal position during tho day, and were collvinced 
before 11'0 hid road }'nl.llk's eSSl\y, that SOIllO special 
explilllatioll W,18 lleCCS&lry. De Vrics hns shown­
that the more or less horizontal position of lea\'es is 
in most cases influenced by epinll.Sty, by their OWIl 

weight, ami by apogoolropism. A young cotyledon 
or leaf after bllrsting fn!e is brought dO .... 'll into its 
1)1OI)('r position, as already remarked, by epinasty, 
..... hich. according to De Vrics, long continues to act 
011 tho midribs and petiolcs. Weight CIln hardly be 
innllentiai in the case of cotyledolls, except in a few 
cascs llresentiy to be mentioned, bllt IllllSt be so with 
largo lind thick 101\\'es. With resl)('ct to apogeotrollism, 
Du Vries maintains that it. gellemlly comcs into play. 
and of this fact wo shall prescntly advance some 
indirect. evidence. But O\'cr these and other constant 
forces wo belie,-e that tllcre is ill Ulany ease8. but we 
do not. suy ill all, II. preponderant. tendency in lea,'es 
ilud cotyledons to place themselvcs more or less trans­
vcrsely ..... ith respect to the light.. 

I n the cases above alluded to of seedlings exposed 
to fL lateral light with their hypoootyis secured, it is 
impossible that epiulISty, weight and apogeotropism, 
either in opposition or combilLod, CUll be the cause of 
the rising of one cotyledon. and of the sinking of the 
other, since the forces in qnestion act equally on both; 
and since epinWity. weight. Bud arlOgootropism all ~ 
in Il "ertical llianc. they callnot C(1US6 the twisting of 
the petioles. which occurs in seedlings under the 

• 'Arbel\efl d ... Bo\. IllItiillU iDWn~b"rg,' lien. ii. 18;2. pp. 
223-2';;, 
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abo,'o conditiousof illumination. All these movements 
e"idcntly delM!Ud in some manner on the obliquity of 
the light, but cannot be called heliotropic, 88 this 
implies bending towards the light; where88 the coty­
ledon nearest to the light bends ill au opposed direc­
tion or dowllwurds,and both pluce llu:~msclves as nearly 
us possible !It right angles to the light. Tho move­
mellt, thcrefore, deserves fL distinct namc. As coty­
ledons and leaves are continually oscillating up and 
..1onn, I\nd yet retain all day long their prol)(!r position 
with their upper surfaces directed trRllsl'crscly to the 
light, and if displaced rOO88ume this position, dia­
heliotropism must be considered 88 a modified form of 
circumnutatiOIl. 1'his \\'88 often cvident nben the 
movements of cotyledons standing in front of a window 
were traced. We see something uualogous in the coso 
of sleeping lel\ ... es or cotyledons, which after oscillating 
up and down during the whole duy, rillC into 1\ vertical 
position lato in tho eyeniug, and on tho following 
morning sink down again into their horizontal or dia_ 
heliotropic position, in direct opposition to heliotnr 
pismo This return iuto their diurnal position, which 
often requires an angular mOl"ement of 00", is analo­
gous to the mO,'cment of leaves on disillaood branches, 
which reoover their former positions. It deserves 
notice that any foroo such 88 apogootropislll, "'ill act 
with dift'crcnt degroos of power· in tbe different posi­
tions of those Icavcs or cotyledons which oscillate 
largely up and down during the day; and yet they 
reCOI'er thcir horizoutal or diahcliotropic position. 

We may therefore conclnde that diaheliotropic 
mow!:meni8 cannot be fully explained Ly the direct 
action of light .• gnwitation, weight, l\-:C., any more 

-&eronuernote,iDrefcrellC>ekl&llhl'remaroooth!.lulljecL 
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thall can the nyctitropic movements of cotyledons 
and leay(~s. In the latter case they place tllemseh'es 
so that their IlPI>er surfaccs may radiate at llight 
as little as possible into 0l>ell space, with the UI)I>er 
surfnces of the opposiie leaflets often in contact. 'l'hese 
movements, which are sometimes extremely complex, 
nre regulated, tbough not directly caused, by the alter­
nations of light and darkncss. In the case of diahelio­
t ropism, cotyledons and leaves place themselves so 
that their uppcr surfaces mllY be exposed to the light. 
and this movement is regulated, though not directly 
caused, by the direction whence the light proceeds. In 
both cases the Illon~ment COllsists of circulllllutation 
modified by innate or constitutional causes, in the 
same mallner as with climbing pl».nts, the cirCllmnu­
tation of which is increased in amplitude and rendered 
more cireular, or ».gaill with very young cotyledons 
and leaves which are thus brought down inw a hori­
zontal position by epinasty. 

'Ve have hitherto referred only to those leaves and 
cotyledons which occupy fI permanently horizon t».l 
position; hut many stand more or less obliquely, and 
some few upright. The cause of these differences of 
position is not known j but in accordatlt"le with "'iestler's 
\' iews, hereafter to be given, it is probable that some 
lea\'es and cotyledotls would suffer. if they werc fully 
illuminated by stand ing at right angles to the light. 

""e haye seen in th€' second and fourth chapters 
that those cotyledons and leaves which do not alter 
their positions at night sufficiently to be snid to sleep, 
commonly rise a litt le in the cvening and fall again 
on the next moming, so that tlley stand during the 
night at a mther higher illclino.tiou than during the 
middle of the day. It is incredible that a rising 
mo\'cment of 2" or 3G

, or eyen of 10" or 20~, cfln be of 
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any sen·ice to the plant,80 as to luu-6 OOcn sJX-eially 
1u:.·<Juircd. It lUust be the result of solUe periodical 
change in the conditions to which they are subjected, 
and there oon hard ly be a doubt that this is the dai ly 
alternations of light and dllI"kness. ])e Vries states ill 
the paper Lofore referred to, that most petioles and 
midribs uro upogcotropic;- and upogcotropism would 
UCC01lnt fo r tho ubo\'c rising movement, which is rom­

mon loS{) muny widely distinct species, if 110 sUPIXlsc it 
to be conquered by diaheliotropism during the middle 
of the dHY, as long as it is of imlXlrtl\lloo to tho plant 
that its cotyledons and 1C!\Vcs should be fully exposed 
to the light. 'fbe exact hour in Iheaftcrnoon at Ilhich 
they Ix>gin to bend slightly upwards, and the extent of 
the mOl·emen l, will depend on t heir degree of sen­
sitiwmess to gral'i tutioll and 011 their lXlwer of resis t­
ing its nction during the middle of the day, as well l\s 
on the nm plitudo of their ordinury eirculllnutnting 
IDO\'ements; and as these qualities diffe r much in d if­
ferel\l. s j:Mx:ies, 11"0 might expect that t he hour in tho 
aflernoon at wh ich they begin to rise would differ 
much in different species, aa is tho casc. Some other 
ag('uc-y, however, besides RIXlgootropislll, Illust come 
into play, either directly or indir<.>etly, ill this upward 
movemeut. 'l'hus a young bean (Vidajaha), gro"'ing 
in a smull pot, was placed in front of R window in a 
kJinOl!tnt; and at night the leaves rose I~ lillie, although 

~ft~~~~~~~ ~~~~~~\i~ ~ 
root.lelYtII of m .. nypl .. "tl, kept 
ind .... knean.enp .. n.le.-enbe­
_ .. ertjo:.l;.odlOi~i.lJiD_ 
,,- ... ith.boot.t. (St. .. Rau ... en_ 
hnfI'. • ... rrili.e. NH:rl.odai.ietl: 
It'm.,;ii. P. 8"1.) Th_....,..."noe"t. 
indicooUilpogeotropt.m;t.II\wbeo 

""gAnlh .. veboo"It;mgkeptinlhe 
d~rk, the ODlQuutOr ... ntflT aodof 

:l:er:~ n:~~eh ~~~. ~I t~r;; 
"'3'ular IlTOwll. i.IJ 10 mueh d;'­
turbed,thdlli'pert...".,..hlo 
i"r~trrorolheirn~IDl'I,t.J ... b .. t 
... ouklooo;,urun,\t-roormaloon­
ditiona. (See Godl" .... ki. 'OoL 
Zelluog,· . ·ou.Hth,I879.) 
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the action of apogootropism was quite eliminated. 
Nevertheless, they did noi rise nearly so much at 
night, as when subjected to apogeotropism. 1s it 
not possible, or cven probable, that leaves aud coty­
ledons, which havo movcd upwards in the evening 
through the action of apogeotropism during countless 
gellemiions,may inherit a tendency to this movement? 
We have seen that the hypocotyls of several Legu­
minous plants have from a remote period inherited a 
tendency to arch themselves; and wo know that the 
slcep-movements of lea\-es are to a certain extent 
inherited, independently of the alteruations of light 
and darkness_ 

In our observations on the circumnutation of those 
cotyledons and leaves which do not sleep at night, we 
met with hardly any distinct cases of their sinking 
a. little in tho evcning, and rising again in the morn­
ing,-that is, of movements the reverse of those just 
discussed. We have no doubt that such cases occm, 
inasmuch as the lea,-es of many plauts sleep by 
sinking vertically downwards_ How to account for the 
few cases which were obsen'eJ must be left doubtful. 
The young leaves of OanlUlbis sativa sink at night 
between 30° lind 40° beneath the horizon; lind IT fiLUS 

attributes this to epinasty in conjunction with the 
absorption of water. Whenever epiuMtic growth is 
vigorous, it might conquer diaheliotropism in the 
evening, at which time it would be of no import­
ance to the plant to keep its leaves horizontal. 
The cotyledons of AlIoda TVriglitii, of aile variety of 
Gossypium, and of se\'eral species of Ipolnooa, remain 
horiwntal in the evening whilst they are very young; 
as they grow a little older they curve a little do\'!'U­
wards, and when large and heavy sink 10 milch that 
they come under our definition of sleep. In the case of 
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the .lnoda llnd of some spe<:ics of II)()mron, it WM proved 
tbnt the downward movcmcut did not depend on the 
weightofthecotyledons; but from tho fnctof the move­
ment being 80 much morc strongly pronounced after 
tbe cotyledon8 have grown large and hein'y, we may 
suspect that their wcight aboriginnlly plnyed some part 
in determining that the modification of tho circum­
nutating movement should be in II downward directiou. 

PM IO-Ca]kd Diurnal Sleep oj :£eat'el, or Parahelio-­
iropilm.-'l'his is another class of movements, dependent 
on the action of light, which SUPI)()rta to some extent 
the belief that the mo\'ementg above de&<'ribcd are 
ollly indirectly due to its action. We refer to the 
movements of leiwcs and cotyledons IIhich when 
moderotcly illuminated are diahcliotropie; but which 
I!hallge their l)()8itioll8 and present their edges to the 
light, when the slIn shines brightly 011 them. 'l'hese 
movements have sometimes been called diurnnl sleep, 
but they llifl'cr wholl y with respect to the objec 
gained from those properly culled nyclitropie; and in 
!!Orne cases the position occllpied during the day is the 
re\'crse of that during the night .. 

It hae long been known· that when the lUn lhin~ brightly 
on tho leaflet. of Robinia, they rise up and Pl'ClCut their edges 
to the tight; whilst Uleir position at night is Teriically down­
wards. We have obecrved tho IiIlme movement, when the 
~un shone brightly on the leaflets of an _-\ul lm1i:m Acacia. 
Th080 of Amphiwry«u 'MI'!oiw tnrned their oclb'<ll to tho 811n; 
~nrl au InAlogous movemcnt of tho littlo nlmOllt rudimcntary 
J'AAD-llcnflets of ilfil'lUJltl albida. WWl 011 ono occal'iou flO I'QI)id that 
iloould be distillctly8ElOn through lIons. 'l'hoelol1!!t'teJ,nui_ 
foliate, fil'llt leeveI! of PlwMolw R<JZbu.rgllii stood fit i A.M. fit 2(lO 

above the horizon, and no doubt thoy anerwardl milk a little 
lower. At nOOn, aflcr having boon CJ:poIJ(ld (or nloou~ 2 h. to 

• PMfcr Itinw the n..me. and d"ta of li81'''nU anoiellt 1n'itcn in bit 
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a bright SUIl, they stood at 56" abovo tho horizon; they were 
then protectod from tliO mys of the sun, hut were left well 
ilIuminnted from above, lind lifter 30m. they had fallen 40", for 
tbey now stood at only 1{;" abo,·o tho horizon. Some young 
phmts of .f'1.a6<ol.ru I1ernaMlt&ii had boon exposed to the SIImo 
bright sunlight, and their broad, uuifoliate, first leaves now 
stood up almOllt or quito '-erti(l8,lly, liS did many of the leallets 
on tho trifoliate llOCOllUarylea\"es; but somll "f the leaflets had 
t"·lsted rollnd on thei r own axes lly IlJI much a.~ !JO" without 
risiu~, so IlJI 10 present their edges to the sun. The leaflets on 
tho same leaf sometimes behawlO.i in these two different manners, 
but always with the result of being loss intensely illuminated. 
These plants were then protected from the sun. ll.u(1 werlliooked 
at after H h.; and now all tho lea'"es lind leaflets had reo 
ll.S8umeo:l their ordinary sub-horizonlnl poaitions. l'he eopper­
ooloured ootyledous of some seedlings of CaMia mim<MViik., were 
horizontal in the morning, but after the sun lilld shoue on 
them, each IUl.d risen 45'" above the llOri1.On. The movement 
in these se\"ernl CMOS must not be confounded with tlw sudden 
closing of the ICllfiets of Mimma pudioa, which nUl.Y sometimes 
be noticed w\wn a plant which hllJl boon kept in 1111 ohl;cure 
place is suddenly exposed totheBUnj for in this ca.sc the light 
secms to act, lI.8 if it wero a louch. 

From Prof. Wicsner's interesting obEienations, it is ]Jrobable 
that the above movements hlwe been acquired for a special 
purpose. The ehlorophyll in leavcs is often injured by too 
intense Il. light, and Prof. Wicsller· belie\"C8 that it is pro\.ecled 
by tbe mOl'lt dh"ersified meaus, sueh as the presence of !U1.irs, 
oolonring matter, &e., and aillongat other means by the ICRvCII 
presenting their edges to the sun, so that the blades then 
roeeive much less light. He experimeuted on the young leanets 
of Robinia, by filillg them in such a position that they could 
not escape being intensely illuminated, whilst others were 
allowed to place them.selves oNiquely; aud the forme r began to 
Buffer from the light in the course of two days. 

i n the CIl.Ile6 abovo given, the leaflets mo\"e eitllCr upwa.rdJi 

• ' Die N".tudichen E 'ur;oh. the ""tion er C(lnoonll"lll.ed li~h' 
tunJ::cn znm Silhnlze dCllChloro-- rromlhe 8"",;n the pr<:llCnceoi 

E~l~!~y ~~~~c<t~;::::~;:~ ~~~'ion ~i "~.~~!~I~'!l~Dr!: 
el:\~)=~l !~e" te,,:l::i~:~ b~ i~~~~ light, in 'Dot. Zcitung: 
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ortwi.lltlnterally,1O '" to p1aootheirooget in the dirootiollof the 
lIun', light; but Cohn long ago obecned that the lealk:l8 of 
Oulis ben(1 dO'll'1l .... &rd3 ,,'IICII fully ll.lIIO&cd to Ihe lIun. We 
\II'itne886d Ii 8trikinginstanw of Ihis 1I10\'cment ill the .ery 
large 1C8llct8 or U. Orttgt.'" A similar mo\'cwcnt rnay fre­
(IUeutiy be obecrvOO with the 1e&llel8 of Allt7"rhoa biU",hi (Ii 

member of the OXlLlidm); snd II Il-af is hero I'CJlreselllOO (Jig. 
ISO) on which the lun had shone. A diagmm (Fig. 18-1) was 
given in the Ill.8t chapter, representing the ()f;Cilmtione by which 
a k'llHct l'al)idly doscendOO under these cirClllUltnnCCII; and the 
1l10Vcment mny be tiOOIl closely to roeewble thnt (i-'ig. 133) by 

~·i(. ISO. 

AU;;;~)~IiJ:!'H~~··:r;l~t!:?;': d::~p~~:/~r.nu~ ~::~b~='~: 
FJ,UNmuchr-eduOll<t, 

which it _umed its nocturnal JlOI!ition. It is an intCl'CIlting 
faet in relation to our present suhject that, '" Prof. Batalin 
infonll8 U8 in a letter, dated Fehmary, 1879, the lcef[clt! of 
OraU. act:toaJla may be dllily exposed to the sun during many 
lII"eeb, and they do not mffcr iCthey are 1110111"00 todf'I'resll 
themseh-I'I ; but if this be prevented,they IOI!O their oolour-.nd 
lrither in two or throo darl!. Yet the duration of I!. leaC is about 
h'o mouths, when IIU~OOtcd only todifrl1l!cd light; Ind in thi8 
C'l'loSCtho leaHot8ne .. er8inkdown .... Rro8dnring thodly . 

. \8 tho npwtlrd movements of the Jeaflets o f Robinia, 
IlIId tho downward movements of those of Oxnli8, have 
OOcn proved to 00 highly beneficial to those plants 
'>Ioen 8ubjeeWd to bright sunsh ine, it seems probable 
thai they have been acquired for the special purpcse 
of Il.,'oiding too intense an illumination. .As it would 
have been vcry troublesome in all tbe 0.00"0 ca.8C8 to 
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hal'e watched (or a. fitting OPI)()rtunity Rnd to haye 
tn"We(t the movcmcnt o( the Ictl."cs whilst they were 
flllly cxposcd to tbe sunshinc, we did not ascertain 
wlwthcr paraheliotropillm Il.lways oonsisted o( modi­
fied circllmlllltatioIl; but this certain ly was tile case 
with the AYcrrboa, and prOb!lbly with the other species, 
os their leavcs were continually circllmuntuting, 
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CIIAPTER IX. 

V_ of hcliolropillw_lnscelh'oroul and clirnblngl'tanlillot bcliolrupic 
-Sioruo o"!(au heli<>tropicaIOl'e age and notnlauotbc._ E:dra. 
ordin"tytenliti'~_of80lI}eptantotollg"t.-Tbedrt.lttlofligbtdo 
lIot oom:'1IIpot,d .i!.h ito inknl!ity_ ~;lro!Cto of 1'""/oUI illumination 
_Time requirod fo. Ihe actioo of light-AJ'kr-eIf<"CIII of llghl.-­
"Jlogro1rol,i.m acta ... lOOn "" light ft.il_"~nn('y with ...-hie" 
plallta bend 10 '100 Ilght-ThilodepeudWlI 011 the iIIumiuation of 
_ .hole .i,le of !.he palt-Localiaed 1leilAilivtnlW to light and i1.8 
In,"mitl(od eiket.t-O;olyle<\QIljI or I hAI"MI, _IIMr of beudiUj:_ 
Rt!o;oultll of the uclu!iou of light from thdrlipl--};lrccta Irnn~ 
mitled ben('8\1,lhelurfaceor lheground_Lakl't.lllIulQinalionof 
II,e IiI' <ldcrminl>a Ihc direetion of the cun-nture orthc oo...:,-C01y. 
lcdO}lll of A"cun, CII.""tUnl of b8.sd pIIrlduc to t he iIlumi"alionof 
upper )lArt-8imjlu ro:llulta willt the hY]locoly[~ or B.-II'" (lml 
Ueta.--It.n,liclc.of RilL8l'ilapbeliotrol'ic,duc to tho lJe""itivmeauf 
thei r li[»--'C<,utiudillg KmD.h and ,unUM.,. of ehaptcr_Me .. n~ 
hywhlch dn:Ul~uut.ation h""beeu <'Ofl,crkld In\o hcllotf'OJ,u,m Or 
.phe1WUol'iam. 

K() one ron look at the plants growillg Oil a bank or 
on the bordcrs of 0. thick wood, nnd doubt thut the 
young stellls Illld lean:s place themselves 80 that tbe 
les\'c8 mlly be welJ illuminated. 'l'1l('Y Ill'(' thus enabled 
to decompose carbonic acid. But the shcutb.like coty. 
ledolls of some Grnmincre, for instance, those of Phil.' 
luris, nre not green and contain \'cry littl e sto.reh; 
from which fo.ct we may infer that they decompose 
little or 110 rorbonic acid. NevertheJc~~, they nre ex . 
tremely hcliotropic; Ilnd this probably serves them in 
another way, lllllllely, as 0. guide from the buried soods 
through fissu1C8 in the ground or through O\'erlying 
mil86CS of \'egetation, into the light and nir. This view 

2 G 
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is strengthened by the fact that with Phalaris and 
A"cna the first true leaf, which is bright green and no 
dO\lbt decomposcs CArbonic acid, exbibits hardly a 
trace of heliotropism. 'l'he lleliotropie movements of 
lIIalLY other seedling'S probably nid them in like 
manuer in emerging from the ground; for al>Oti~ 
tropism by itself would blindly guide them upwards, 
against any o\'criyillg obstacle. 

Heliotropism prov,lils so cxtcnsh'ely among the 
lligher plants, that thero are extremely few, of wllich 
some piLrt, either tllO stem, flower-peduncle, petiole, 
or lcaf, does not bend towards 1\ lateral light. 
Dl"oaera roiundijoli(, is one of the few plants tho 
100\"08 of which exhibit no trace of heliotropism. KlIr 
could we see Imy ill Diontea, though the plants were 
not 80 carefully obscn'cd, Sir J.Uooker exposed tho 
pitchers of Sarrneenia for some time to a lateral light, 
Lut they did not bend towards it.- We can understand 
the reason why these insectivorous plllnts should not 
IJe heliotropic, as they do not live chiefly by decom­
posing carbonic acid; and it is much more im[Xlrtsut 
to them that their leaves should occupy the beat 
position for capturing inseets, dum that they should 
IJe fully exposed to the light. 

Tendrils, II hieh consist of leaves or of ot her organs 
modified, Slid the stems of twining plants, are, WI 

Mohl long sgo remarked, rarely heliotropic; aud hero 
again we call see the re880n why, for if they haci 
moved towards fl. lateml light they would have ~n 
drawn away from their supports. But80me tendri19 are 
apheiiotropie, for instance those of BiglW1lia capreokda 
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and of Smiha rupera; and tile steml of some plants 
which climb by rootlets, as those of the h-y and Tecoma 
radicatl3, are likewise npheJiotropic, and they thus Snd 
a support. 'fhe leaves, on the other bUild, of most 
climbing plllllts are hcliotropic; but we could detect 
110 signs of nny such movement in those of Mutwu 
dema#a. 

As heliotropi8m is so widely promlent, o.nd as 
twining plants are distributed throughout the whole 
\'flSCular series, the apparent Rbsence of any tendency 
in their stems to bend towards the light, seemed to 
u.s 80 remarkable 1\ fact 08 to deserve further in­
\"(!fItigatioll, for it implies that heliotropism can be 
readily eliminated. When twining plants are exposed 
to a latel"lll light, their stems go 01\ fC,·otving or cir­
cUlllnuto.ting about the samo spot, without auy c"ideul 
deflection towords thc light; hut we thought that 
\I·e might deicet some trace of heliotropism by com­
paring the Iweroge rote at which tIle stems moved to 
snel from the tight during their succcssi,'o revolutions.* 
Three young plants (about a foot in height) of lpoTlUX!a 
eeruiea and four of 1. purpurilfl., growing in 8et)l1rote 
pou, were placed on a hright day before a north-east 
"indow ill a room otherwise darkened, with the tips 
of their revolving stems fronting the window. When 
the tip or each plant pointed directly from tile window, 
and wilen again towo.rds it, the iimes were recorded. 
This was continued from 6.45 A.M. till 0. littlo after 
2 I'.M. on J'ulle 17th. After a few obsermtiOIlS we 
r()llcluded that we could safely estimate the time 

• Some er~ .talementl 
oueunf<riun.t.ocll'glv,·lIontbis 

::l:' JnC;~hl~~::~I::u:, 
1.p.28,S2,40.aud53. ClIllellIlIioru! 
YI'TI:\ dn,", froxa aD ;D.lIffieiell~ 

ut>mbe.ofobtervaliona.fo:r ... edid 
,,(}tlhenklo .... tho""llfij~1 
• ratetb.,ku>landteudril,or 
elimbtn, pJantilOOU>e~u... travel 
ill d;ft'~'enl .... ttl of lhe .aatI1II rt.~ 
vohllion. 
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h\ken by €ach semicircle, within a limit of error of at 
most () minutes. Although the rate of movement in 
different parts of the same revolution '-aried gr(!ntly, 
yet 22 semicircles to the light were completed, each 
on an uw~r'\go ill 73'f)5 minutes; and 22 sem icircles 
from the light each in 73'5 millUtes_ It may, thOr(!· 
foro, he said that they travelled to and from the light 
at exactly the same average rate; though prooobly 
the accuracy of the result was in part accidental. In 
the even ing the stems were not in the least deflected 
towards tho window. Nevertheless, there appears to 
exist a vestige of heliotropism, for with 6 out of the 
7 plants, the first semicircle from tho light, described 
in the early morning after they had been subjceted to 
darkness during the night and thns probably rendered 
more sensitive, required rather more time, and the first 
semicircle to the light considcrably lesa time, than tho 
average. Thus with all 7 plants, t.aken t{)gether, the 
mean time of tile first semicircle in the moming from 
the light, W!lS 76'S minutes, instead of 73'5 minutes, 
which is the mean of all the semicircles during the 
<lay from the light; nn'd the mean of the first sem i· 
circle to tho light was only 63-1, instead of 73-9'> 
minutes, which W!\S tho mean of all the semicircles 
during the day to the light. 

Similar observations were made on Jnstana Sinensis. 
ttlld the mean of !) semicircles from the light. was 
117 minutes, and of 7 semicircles to the light 12'2 
minutes, nud this difference does not exceed the pro­
bable limit of error. During the three days of expo­
sure, the shoot did not become nt aU bent towarus the 
window before which it stood. In this C,\SC the first 
semicircle from the light in tile early morning of each 
dny, required rather less time for its perforJD1l1lce than 
did the first semicircle to the light; and this resuh. 
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if not neeidcntal, appears to indicat(' thnt the shoot~ 
retain ft tmce of 1111 originnl IIpheliotropic tendency. 
With LfJniura brC«'/I!lpoda the semieird(!:8 from and to 
the lig-ht tlilTcrcd considerably ill time; for.) semi. 
circles from the light required on a 1ll(,IUl 202'4 
minutes, liud 4 to the light, 22f}-t> minutes; but the 
s.hoot IllMed vcry irregularly, ilnd undcr thcse circum . 
stances tho obscn'ations were Illuch too fow. 

It is rcmnrknble that the snlllO p"rt on the Slllll{' 
plant may be nffectcd by light ill n lIidely differenl 
mllnner at different agel'l, and as it appears lit difterelll 
seasons. Tho hypoootyledonolls &I('IIIS of lpomrea 
crrulra and pl/7ptlrea nre extremely heliotropic, whilst 
thf' stems of older plants, only alXlUt a foot ill height, 
are, lUI we have just seen, almost wholly insensible to 
light. Sachs Stiltes (nnd we Illwe obscn'ed the same 
fact) that the hypocotyJs of tho Ivy (lleder{t lleliz) are 
slightly heliotropic; whereas ille stems of plnnt! grolnl 
to a fow inclles in height become 80 strongly Ilphelio­
tropic, tllll.t they bend at right tingles away from the 
light. Novertheless, ROme young plunts which had 
behaved in this mllnner early in the smnmer again 
becnme distinctly heliotropic in the Jx.ginning of 
September; and the zigzag ooursea of their stcms, as 
Illey slowly cuned towards a Ilorth-eost window, were 
traced during 10 days. The stelllS of very YOllng 
plants of Trop9!olu.lnmaju, are highly heliotropic, llhiJst 
those of older plants, according to Sachs, nre slightly 
aphcliotropic. III all these CMes tho heliotropism of 
the vcry young stems serves to expose tho cotyledons, 
or when the cotyledons are hypogean the first true 
Icares, fllily t(l the light; and the loss of this power 
by the older swms, or their becoming apileliotropic, 
is connected with their habit of climbing. 

~[08t aeedling plants aro strongly heliotropic, and 
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it is no doubt fL groat adnmtage to them in their 
struggle Cor life to expose their cotyledons to the 
light flS quickly and ns Cully as P.ossible, C.or the sake 
of obtaining carbon. It has been sil.o"-n ill the first 
chapter tbat the greater number .of 8CC<l1illgs circum­
nutate largely nnd rapidly; and as heli.otropism e.on­
sists .of modified eircumnutati.on, we nro tcmpted to 
look at the high devel.opment .of these tW.o powers in 
seedlings as intimntcly connected. Whether then" arc 
nny plants which eireumnlltato sl.owly nnd t.o a sll.nll 
extent, and yot arc highly heliotropic, we d.o not 
know; but there aro 1IC,'eral, and thero is n.othing 
surprising in this fact, whioh cirollmnutate lllrgelyand 
arc n.ot nt aU, or .only slightly, heliotropic. or such 
cases Drosera rolundifolia offers an excellent instance. 
The stolons .of the Stnll\ berry circUlllnutate almost 
like the stems of climbing plants, aud they are not at 
tI ll affected by a modemte light; bllt when exposed 
late in the summer to a somewhnt brighter light they 
were slightly heli.otropic; in sUlIligbt, aceordiug t.o 
De Vries, they are Ilpheliotropie. Climbing plants 
circullInutate much more widely thall any other plants, 
yet they are 1I0t at all hcliotropic . 

• Ut1lOugh the stems of most seedling plants are 
strongly heliotropic, some few are but slightly helio­
tropic, without om being able to assign any reason. 
This is the case with the hypocotyl of Oania t&ra, and 
we wero struck with the same foot with some other 
seedlings, Cor instance, those oC l leMla odorala. With 
respect to the degree of sensitiveness of the more 
sensiti\'o kinds, it was shown in the last chapter that. 
seedlings of se\'eral species, placed before a lIorth-east 
window llrotected by scI·eral blinds, and exposed in 
the rear to the dift'used light of the room, moved 
with unerring certainty towllrdS the windoll", although 
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it WIIS impossible to judge, exccpting by the shadow 
east by an upright pencLI on It. while card, on which 
.!Iide most light entered, so that the excess on one side 
must have been extremely small . 

• \. pot with seedlings of Plwlari. CWl(u·iellli., nhich 
hall OOcn raiSCl1 in darkness, was placed in a com­
plctely <l!UkClled room, at 12 fOC't from a very small 
lamp. After 3 h. the cotyledol\s \lere doubtfully 
curved klwards the light, aJ dafter 7 h. 40 m. from 
the first exposure, they we . .) all phlinly, though 
lllightly, cun'ed towards the lamp. Now, I\t this d is­
tance of 12 fect, the light was 80 obscure that we could 
lIot see the eecdlings thcmsch'es, nor read the large 
Roman figures 011 the white face of a watch, nor see 1\ 

pencil line on l)Rper, but could just distinguish a line 
made nith Jnditlll ink. It is a moro surprising fact 
that no visible shadow was CiUlt hy II. pencil held 
upright 011 1\ white card; the seedlings, therefore, 
were acted on by a difference ill the illumination of 
their two sides, which the human eye could not dis­
tinguish. On another occasion (l"ell 1\ It-o!II (legree or 
light a.cted, for some cotyledons of l)hnlaris beeame 
slightly curved kiwanis the Mille Ilunp at a distance 
of 20 feet; at this distllnce we could not see 1\ cir. 
clllar dot ~'29 111111. ('09 inch) ill diameter made with 
Indian ink on white paper, though we could just see 1\ 

dot 3·5(1 mm. ('14 inch) in diameter; yet fl. dot of 
the former sizo appears large when S(>{'n ill the light.-

\\'0 next tried how small II. beam of light 1I0uld act; 
as this bears on light serving I\S a guide to seedl ings 
whilst they emerge through fissured or encumbered 
ground. .A pot with seedlings of }lhalaris WM covered 
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uy a tin-vessel, having on one side a circnlar hole 
1'23 mill. itl diameter (i.e. a littlo less than the Toth of 
an iMh) ; and the box was placed in front of a paraffin 
lamp and on another occasion in front of a window; 
find both tim~ the seedlings were manifestly bent 
after a few hours towards tho little hole. 

A more severe trial was now mado; little tubes of 
very thin glass, dosed at their upper ends and coated 
with black varnish, were slipped over the cotyledons 
of Phalaris (which had gcrminutad in darkness) and 
just fitted them. Narrow stripes of the varnish had 
been previously scraped off one side, through which 
aloue light could enter; and their di.mensions were 
nfterwaros measured lmder the microscope. As a 
control experiment, similar unvarnished and trans­
vurellt tubes were tried, and tlley did not prevellt the 
cotyledons bending towards the light.. '1'wo cotyledons 
wcre placed before a south-west window, one of which 
was illuminatoo by a. stripe in tho varnish, only '00:l 
inch (0'1 mm.) in breadth and -016 inch (0'4 mm.) in 
length; and tho otller by a stripe '008 inch in brcadth 
and -06 inch in length. 'l'he seedlings wero examined 
after all exposure of 7 h. 40 m., and were found to be 
manifestly bowed towards the light. Some other coty­
ledons werc at the same time treated similarly, ex­
cepting that the little stripes were cliroctoo not to the 
sky, but in sueh a malliler that they received only the 
diffused light from the room; and these cotyledons did 
not become at all bowed. Seyen other cotyledons were 
ilhullinated through narrow, but companttively long, 
clf'ared stripes in the varnish-namely, in breadth 
between -01 and '026 inch, au(l ill length between '15 
Ilnd '3 inch; and these all became bowed to the side, 
hy which light entcred tlltough the stripes, wbether 
thes.e were directed towards the sky or to onc side of 
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the !'OOm. 'J'hat light passing through n hole onl)' 
'OO! inch in breadth by '016 in Icngth, IJhould induce 
curvature, seems to us a surprising fact. 

Befure we kllcl\' how cxtremely sensitive the eoty­
looonlJ of Phularis were to light, we cndeayoured to 
t meo their circllmnutatioll in darkncss by the a id of 
fI. small 11'11;'( tuper, held for u minuto or two nt ench 
obscrmtion in nearly the SlU110 position, n little on tho 
left sido in front of the yertiNll glass on which tile 
tracing WILlI llladc_ The seedlings Ilcre thus observed 
seventOCIl times in the course oCthe dny, at Lntcn'als of 
from llalf to three-quarters of an hour; and Jatc in the 
c,-ening we wore surprised. to find that all the 29 coty­
ledons "ere greatly curved and pointed towards the 
"ertical gluss, n little to the left where the tnper had 
beet} held. The tracings showed thnt tbey had tTa­
'-clled in zigzllg lines. Thus, nn exposure to a feeble 
light for u yory short time at tho (lboro specified 
inten-als, sufficed to induce well-marked heliotrop ism_ 
Au anll.logous cnse WILlI observed "iih the hy pocotyls 
of &laIlUII' lycoper,;cum. We at first nttri\mt(!<l this 
remit tolhe after-cftects oCthe light 011 each ocCllSion; 
but sinc~ reading Wicsner's obscTl'atiolls,· wbich will 
be referred to in the last chapter, we 0I111not doubt that 
au intonnittcnt light is more efficacious than a con­
tinuous OIlC, as 1'Iants are especially scnsith'C to any 
CQlltmstin its amount. 

Tho cotyledolLs of Phalaris bend much moro slowly 
towards a vcry obscure light tium towards f~ bright 
one_ Thus, in the eX}>eriments with sC<'dlings placed 
in a dark room at 12 feet from a vcry small lamp, they 
"''Crojust perecJltibly and doubtfully cnn-cd to"ards i t 
after 3 h., nll(1 on ly slightly, yet certainly, after 4 h_ 

• ·~ita.derk. Abd. der Wi-.b.'(Yicnnl),JIIoD.ISSO, p. 12. 
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After 8 h. 40 m. the chords of their ares were deAeeted 
from the perpendicular by an average angle of only 
16' . Had the light been bright, they would have 
become much more curved in between 1 and 2 b. 
Se\'el';1,1 trials were made with see<Uings placed at 
various distances from a small lamp in a dark room j 

hut we will give only one trial. Six pots were placed 
at distances of 2, 4, 8, 12, 16, and 20 feet from the 
lamp, before which they were left for 4 h. As light 
decreases in a goometriCfLI ratio, the seedlings in the 
2nd pot receinxl {th, those in the 3rd pot ,.Jw.th, 
those ill the 4th .'<rth, those in the 5th w'rth, and those 
in the6tb mth ofthe Ji ghtreceived by thesccdlings in 
Ule first or nearest pot. Therefore it might have been 
expected that there would ha\'o been an immense differ­
ellce ill the degree of their heliotropic curvature in the 
sc,'eral pots j and there was a well-marked difference 
between those which stood nearest and furthest from 
the lamp, but tho difference in each Buccessive pair of 
pots was extremely small. In order to avoid prejudice, 
we asked three persons, who kllew nothing about the 
experiment, to arrange the pots in order according to 
the degree of Olln'ature of tho cotyledons. The first 
person arranged them in proper order, but doubted 
long betwoon the 12 feet and 10 feet pots; yet these 
two received light in the proport ion of 36 to 64. The 
second person also arranged them properly, but 
doubted between the 8 feet and 12 feet pots, which 
received light in the proportion of 16 to 36. 'rhe 
third person arronged them in wrong oreier, and 
doubted about four of the pots, This evidence shows 
collelllSively how little the eun-ature of the seedlings 
differed in the 8uccessh'e pots, in comparison Ilith tbe 
great difference in the amount of light which they 
receiYod j and it should be noted that there was no 
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CX ... ,Mj of superfl uous light, for tho cotyledolls Oeemne 
bllt little and slowly curved e.en in tho nearest pot. 
Close to the 6th pot, at the distnnce of 20 feet (rom 
the lamp, tho light allowed us just to distingnish 
a dot 3'56 mm. ("14 inch) in diameter, mado with 
Indian ink 011 white paper, but not II. dot 2-29 mm. 
(,O!) ineh) in diameter. 

The degree of curvature of the cotyledolls of Phalaris 
within a given time, depends not merely on the 
amount of laterel light which they may theu rocci\'~, 

but 011 that which they hll\'e previously receiyed from 
aoo\'e and 011 all sides. Analogous facts have been 
gh'en with lCSpect to tl lO Ilyctitropio aud periodic 
movements of plauts. Of two pots containing sccdlings 
of Phalaris which had germinated ill darkncss, one was 
8till kept ill the dark, and the other \\1\8 exposed (Sept. 
26th) to the light in II greenhouse duriu~ a cloudy day 
and 011 the foll owing bri ght morning. On this morn­
ing (:nth), at 10.30 A.lt., both pots wero placed in B 
box, blackened within and open in front, before Ii 

north-east window, protected by a linen and Illuslin 
blind and by a towel, 80 that but littlo light was 
IlIlmitted, though the sky WiIS bright. Whcne"cr tho 
put.! were looked at, this was done as quickly as pes­
liLle, and the cotyledons were then held traIl8"ersely 
, .. ith respect tQ the light, so that their curvature could 
not have been thus increased or diminished. After 
rI.) m. the 800dlings which had pre"iously been kept 
ill darkncss, were perhaps, and after 70 Ill. were cer­
tainly, curved, though vcry slightly, towards the 
1\'in(low. After 83 Ill. some of the seed ling!, which 
ba,l previously been iJlwuinatoo, were perhaps n little 
aft'eoCted, and after 100 Ill. some of the youngcr ones 
"~re certainly fl little (!Im'ed towards the light.. At 
this time (i.e. after 100 Ill.) there was tl. plain difforence 
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in the curvature of the seedlings in the two pots. 
After 2 h. 12 Ill. the chords of tho arcs of four of 
the most strollgly curved seedlings in each pot were 
measured, aud the mean angle from fhe perpendiculur 
of those which Illld previously been kept in darkness 
was 19~, and of those wllich had pre"iously beeu illu­
minated only 7°. Nor did this difference diminish 
during two additionill hours. As a chC<!k, the seed­
lings in both pots wcre Olen placed in complete dark­
nes~ for two hou.rs, in order that al}(lgeotropism should 
act ou them; und those in tho one pot which were 
little cun"ed became in this time almost completely 
upright, wbilst the more curved oues in the other pot 
still remailled plainly curved. 

Two days afterwards tho experiment was repeated, 
with the sole difference that even less light Wi).!l 

admitted through the window, as it was protected by i\ 

linen aud muslin blind and by two towels; the sky, 
moreover, was somewhat less bright. The result was 
the sume as before, excepting that everything occurred 
rother slower. 'fho soodlings which had been pre­
,"iously kept in darkness were 110t in tIle least cllrved 
after 5-1 m., but were so after 70 lll. Those which had 
previously been illuminated were not at all affected 
until 130 m. bad elapsed, and then only slightly . 
. 1fter 145 m. some of the seedlings in this In.tter pot 
were certainly curved towards the light; and there 
WiLS now a plain difference between the two pots. After 
3 h. 45 Ill. the chords of the ares of 3 seedlings in 
each l}(It were measured, and the melm angle from the 
perpendicular was 16° for tllOse ill the pot which had 
l)reviollsly been kept in darkness, and only 50 for 
those which had pre\'iously been illuminated. 

The curvature of the cotyledons of Phalaris towards 
fI. lateral light is therefore certainly influenced by the 
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degree to \\hich tbey haye been proviously iUu­
miniltc<1. We shall presently see ihat the influence 
of light on tlleu !)ending continues for a short time 
after the light has been extinguished. These fllCts, as 
well as that of the cUfvilture not increasing or de­
creasing' in nearly the sarno mtio with that of the 
amount of light which they receive, as showJl in the 
trials with the plants !)eforo the lump, all indicate 
that light acts Oil them as a siimuills, ill somewhilt 
tho samo manuer as un the nen"ous system or alli.lllals, 
and not in a direct manlier on the cells or cell-walls 
wllieh by their conlmction or expallsion calise the 
cunaturc. 

It. has alrcady been incidentally shown how slowly 
tho cotyledolls of Pbalaris !)end towards a '"cry dim 
light ; but when they were placed before a bright 
pamffin Itunp their tips were !ll! curved rectangularly 
towards it ill 2 h. 20 Ill. 'L'he hypocutyls of Sola,tum, 
lYCOperBl'CUIll had oollt in the morning at right allgles 
towards a north-cn.st willdow. At II'.M. (Oct. 21st) the 
pot W/UI turned round, so that the seedlings now poilltod 
frolll the light, but by 5 1'.11. thoy hnd revcrsoo their 
cumlturo und ngnin pointed to the light. They Juui 
thus passed through 180" in 4 h., ha,"ing in the 
morning previous.ly l:mssed through !\bout 90". But the 
ro'"ersal of the first half of the ourvnture will hal"O 
be<ln aidO<! by IlIJOgcotropism. Similur CUBCS were 
observcd with other seedlings, for installce, willi those 
of SillapiB alba. 

We !lttcmpted to ascerillin in llOW short a timo 
light !letoci on the cotyledons or Jl bnl11fis, but this 
WI18 dimeult on !lccount of their nlpid CircUllluututillg 
mo,"cment; morcm"er, they dif'lcr milch in sensibility, 
according to ago; llel'ertheless, some of our observa.­
tious are worth giving. Pots with seedlings were 
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placed lIll{ler a microscope Ilrol'ifled with an eye-piece 
micrometN, of which each di\'ision equalled Thth of an 
lIIch (O-{)Jl 1II1ll.); a11d they w(lre at first illuminated 
hy light from a paraffin lamp passing through a 801n· 
tioll of bichromate of potassium, which docs 1I0t induce 
hcliotropism. Thus the direction in which tilo coty. 
ledons wero circumnutatillg could be observed indo­
pendently of any action from the light: and they oould 
be made, by iuming round tIle pots, to circulllnutate 
tmll8\"crsclyto the line in wbieh the light wauld strike 
them, as soon as the solution was rcmowl(L 'l'he fact 
that the direction of the ciroumnlltating mOl'cment 
might change at any momcnt, and thus the plant 
might bend either towards or from the lamp indepen. 
flently of the action of the light., ga\'o an elewellt of 
llllcertninty W the results, After the solution had 
Oecn removed, five seedlings which wero circumnutat­
ing transv(lrscly to the line of light, began to move 
towards it, in 6, 4,7;,6, and 9 minutes. III olle of 
these c~, the apex of the cotyledon crossed fi,'e 
of tho divisiolls of the micrometer (Le. ,-both of an 
inch, or 0·2.).l mm.) towards the light in 3 m. Of two 
seedUngs which were mOl'ing directly from the light at 
tho time "hen the solution was removed, one began to 
mo,'o tOWl\rds it in 13 m., and tbe other ill 15 m. 
This latter seedling W88 observed for more than an 
hour 1\11(1 ('()Iltinuoo to mo\'e tOWllrdS tho light; it 
cfOSse<1 lit ono time 5 dil'isions of tho micrometer 
(0·254 mm.) ill 2 m. 30 s. In 1\11 theso cases, the 
mo\'ement townrds the light W88 extremely unequa1 in 
nlte, and the ooty looolls often remained almost sta­
tionary for IJOIDO minutes, and two of them retrograded 
a little. Another seedling which W88 circmllnutating 
transv(>rsely to the line of light, mo\'ed towards it in 
" m. nfter the solution W88 remOl'OO ; it thell remllin('d 
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almost stationary for 10 m.; thell cl'08SCd /} divisiuns 
of the micrometer ill 6 m.; and thell 8 diyisiolls in 
11 Ill. 'l'his unequal rnte of 1U0l'cment, interrupted 
by pnUlJ(l8, nnd at first with occasional rctrogrC8l!ions, 
accords lI'eli with our conclusion thnt heliotropism 
consists of modified circumnutation, 

I n order to observe hOII' long the after-elToots of 
light lasted, a pot with seedlings of Phalaris, which 
had germinated in darkness, was placed at 10.40 A.M, 

before Il Ilorth-cast window, being protected on ali 
other sidet! from the light; and the movement of a 
oot)' etlon WM traced. on 8. horizontal glll8ll. It cir­
cumnutated about tho same space for the first 24 m., 
and during the next 1 h. 33 m. mOI'ed fl\pidly towards 
the light. The light was now (i.e, after 1 h. 57 ll\,) 
completely cxcJudcd, but tho cotyledon continued 
bending ill the so.me direction 8Jl before, ccrtain ly for 
morc tlMII 15 m" probably for about 27 m. The doubt 
arose from the necessity of not looking at tue seed­
lings of len, and thus exposing tl1em, though momen­
tarily, to the light. This same 8e(!(].ling \I'M now kept 
ill the dark, ulltil 2.18 P,M., by which time it had 
reacquired through apogeotropislll its original upright 
position, when it WWI again exposed to the light from 
a clouded sky. Dy 3 P.M. it had mo\'cd a l'ery short 
distauce towards the light, but during the next 45 m. 
tra"elled «(llickly towards it. After this exposure of 
I h. 27 Ill. to a rllther dull sky, the light Wlls again 
completely excluded, but the cotyledon cont iuued to 
bend in the Mille direction as before for 14 m. with in 
a very small limit of error. It WIl8 then placed in 
the dark, and it now moved oockwards, 80 that after 
I b. 7 m. it stood close to where it had started from at 
2.18 P.M. These obsermtiolls show that the ooty-
1 .~loll8 of l l hllliU'is, after being exposed to a lateral 
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light, continue to bend in the sarno direction for 
between a qllorter and half an hour. 

In the two experiments just given, the cotyledons 
mo,·ed bockwurds or from the window shortly ofter 
being subjected to dl\rkness j and whilst tracing the 
circunmut!\tion of "arious kinds of seedlings exposed 
Ul a latent! Jight, we repeatedly observed that late in 
the e,-ening, as the light waned, they moved from it. 
'fhis faet is shown ill some of the diagTiLlUs given in 
the last chapter. We wished therefore to learn whether 
this was wholly due to apogootropism, or whetller 1U1 

organ after bending towards the light tended from 
any other cn.uso to bend from it, as soon as the light 
failed. Accordingly, two pots of seedling Phalaris 
and one pot of seedling Brassicn wero exposed for 8 h. 
before a paraffin hunp, by which time tho cotyledons 
of tho fOflllef ond the hypocotyls of the latter were bent 
roctanglliarly towards the light. i'he pots wero now 
quickly laid horizontally, so that the upper parts of 
the cotyledons and of the hypocotyls of !) seedlings 
projoctcd vertically upwards, as poo\,oo by a plumb-line. 
In this position they could not be acted on by ap<>­
geotropism, and if they possessed IU1Y tendency to 
straighten themselves or to bend in opposition to their 
former heliotropie curvature, this would be exhibited, 
for it would be opposed Itt first very sl ightl y by apogeo­
tropism. They were kept in the da.rk for 4 h., during 
which time they were twice looked at j but no uniform 
bending in oj)position to their former heliotropic 
eurvll.tllro could be detected. We have said uniform 
bending, becanso they circumnutated in their llew 
(Xlsition, and after 2 h. wero inclined in different 
dirc<:tiolls (betWC<:ll 4° and n O) from the perpendicular. 
'l'heir directions were also changed after two additional 
hours, and again on the following morning. 'Ve Illay 

RlTh r f hrl lin 



CHA!'. IX. SEX:;ITIYENESS 1'0 LIGHT. 465 

therefore conclude that the bending back of plants 
frolll Il li!l:iJt, "hen this becomes oiJs<>ure or is extin­
guished, is wholly due to apogcotropism.-

In Ollr various experiments we were often struck 
with tho accum.cy with which scedlillgs pointed to Il 

light although of small size. To test this, muny sood­
lings of Phalnris, which had germill!lted in darkness in 
a "cry lIarrow box Be'"eral feet in length, were placed 
in a darkened room ncar to and in front of a lamp 
hlwing a smnil cylindrical wick. The cotyledons at 
the two ends and in the central part of the box, would 
therefore hI\\"O to bend in widely different directions 
in order to (>oint to tho light.. After they bad become 
rectllllguhlrly bent, a long white thread was stretched 
by two persons, close over and l)l}mllel, first to olle and 
then to fiuather cotyledon; find tho thrend was found 
in almost overy CKSO actually to intersect tho small 
eirculnr "ick of the now extinguished lamp. 'fho 
deviation from nccuracy nover exceeded, as far as we 
could judge, a degree or two. 'I'ilia extreme accuracy 
seems at first surprising, but is 110t really 80, for an 
upright cylindrical stem, whate"er its position may 
be \\"ith re8l)C(lt to the light, would have exactly hah' 
its circumference illuminated and half in shadow; and 
as the dilTercnee in illumination of the two sid('8 is 
the exciting causo of heliotropism, a cyl inder would 
naturally hcnd with much accUrilcy towards the light. 
The coty ledolls, howe,"er, ef Phnlnris are not cylin­
drical, i)ut OVili in section; and the longer luis was 
10 tile shorter axis (in the one which lIas measured) 
iUS 100 to 70. Ne,-ertheless, no dilTcrcnco eould be 

• It aPl)8ln from a rdC1e,,~-e 
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(\(·tooted in the accuracy of their l.K.'ndillf!, whether 
th(·y 810cwl with their brood or narrow sides facing 
tue light, or ill any interlllediate position; and so it 
\IllS "ith the cotyledons of At<ella ItltitKl, which un.' 
lik(·wiso 0\,111 in section. NOlI, a little rcftootioll will 
show tlhlt in 11 hate,·cr pOflition thc cotylcdons Illay 
Ktllll(l, there will be a line of grNlcst illulllination, 
I'xilctly fronting the light, tllIll on cach side of this 
Jill(' lUI equal amount of light will Le recei"e<i; but 
if the oval stands obliquely with 1'0lllCet to the light, 
thi~ II·ill be diffused ovcr a wider Sllrfncc on one side 
,.f ,he c('ntmllille than on the other. We Illay therc­
jilT(" infer that the same amount of light, whether 
tliffus(ld o\'\:r 11 wider surface or con('CntTfltcd 011 a 
I-lllt!.lIcr surface, proJuces exactly the same effect; for 
tll(· eotyledolls in the long IlIUroll' oox stood in all 
~(Jrt8 of positions with referellce to the light, yet all 
pointed truly townrds it. 

'I' hat tho bending of the coty ledons to the light 
d("ll£'uds 011 the illumination of one whole side or 011 

the- obscurntion of the whole oppol'lilC sid(" alld not on 
\I no.rrow longitudinal zone in Ihe line oC the lif!'hl 
II(·ing am'ClCd, "as shown by the dfccts of painling 
longitudinally with Indian ink aile side of fh'e coty­
If'dolls of Phtl.l,uis, These were then pltlced on a tablt· 
lIf'nr to II BOuth-west window, and tllc painted half WM 

dil'ft'te<i eithcr to the right or lefl, Thercsult was that 
ill~tC!ld of bending in a direct line tow(lrds the \lindoll, 
ther II ('TO deflected from the window Ilnd tOllllrds t h(, 
uIII;aintc(l side, by the folloll'ing angles, 35°, 83~, 31 , 
4:) ,and 39~, It should lK" rcmtlrk("(i that it "as hllrdh­
p(l$i~iblc to I·mint one-half accurlltely. or to place ail 
tht' lICCdlings which arc o,'al in section in quite the 
Isllllf" I)():;itioll relati,·ely to the light; and this II-ill 
1l1"'OUllt for the difl'ert'necs in the ullgks. Fi,'e <.'Ot~.-
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1e<lolls of .\yena were also painted in the 8Ilme manner. 
but with grentcr ('art'; and they were Ittterally de­
flected from the line of the window, towards the 
llllpaintcd side, by the following angles. 44°, 44°, 55', 
5e, and 5io. 'this deflection of the cotyledolls from 
the window is intelligible, for the whole unpllinted 
side must have receivoo some light, whereas the 0 lll)()' 

site and pninteu side received Ilone; hut a narTO\' 
zolle on the ullpllilltoo side directly in front of the 
window will have recei\'ed most lig!lt, IHld all the 
hinder parts (hu lf an oml in se<:t ion) le8Il and Jess light 
in \,Drying degrees; and we may conclude that the 
Rllglo of defle<'lion is the resultant of the IlCtion of tlu­
light o\'er the whole of the unpainted side. 

It should ha\'e been premis(.'(i thllt painting with 
JlllliRn ink does 1101. iujure plants, fit 1(>I\st within 
SC\'crfi! hours; aud it could injul'O them only by stop­
ping respiration. 1'0 ascertain whether injury was tllll.~ 
soon causcd. the upper halves of 8 cotyledons of A vella 
were thickly eontoo with transparent mnttc-r,-4 with 
gum, and 4 with gelatine; they \\ere plilced in Ihf­
morning beft.lre 1\ window, and by th(' c\'en ing tbe~' 
were normally bowed towards the light, Ilhhough the 
coolings no"' consisted of dry crusts of gum and 
~elatille, Uoreo\'er, if the seedlings "hieh w('re pointed 
lougitudin,tlly with Indian ink had been injured on 
the painted side. the opposite side wouM hll\'e gon .. 
on groll'ing, and they would consequently luwe become 
bowed to\\llrds tlle pllinted side; whereas the curvature 
was always, U9 \\e haye seen, in the opposite direction, 
or towards the unpainted aide which Wtl.8 exposed tu 
the light, " 'e witnessed the eflects of injuring longi-
1U,linfilly one side of the cotyle<lolls of ..l,·ena nnll 
Phfllaris; (or before we knell' that grease W/lS highly 
injurious to titl'm, se,-eml were painted down olle si,le 
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with a mixture of oil and lamp-black, and were then 
eXI)()sed before it wiudow; others similarly treated were 
afterwards tried in darkness. These cotyledons soon 
became plainly bowed towards the blackened side, 
evidently owing to Ole grease 011 this side having 
checked their growth, whilst growth continued on tbe 
OPl)()site side. nut it de8en'es notice that the curva­
ture differed from that caused by light, which ult i­
mately becomes abrupt near the ground. These 
soodlings did not afterwards die, but were much injured 
and grew badly. 

LOOALISED SENSITIVENESS TO LIGHT, AND ITS 

TRANSMITTt;D EFFeCTS. 

Phalar1s Canariensis.- Whilst observing the accu­
racy with which the cotyledolls of this l)lant became 
heut towards the light of a small lamp, we were 
impressed with the idea that the uppermost pllrt deter­
mined the direction of the curvature of the lower part. 
When the cotyledous are exposed to a lateral light., 
the uprler part bends first, and afterwards the bending 
gmdually extends down to the base, and, as we shaH 
presently sec, eYcn a little beneath the ground. 
'fhis holds good with cotyledons from less than 
'1 inch (one was obscn'ed to act ill this manner which 
was ouly '03 ill height) to about ·5 of an inch in 
height; but when they hfwo grown to nearly an inch 
ill height, the basal part, for a length of ·15 to ·2 of 
811 inch aboye the ground, ceases to bend. As with 
young cotyledons tho lower part goes on beudiug, 
ufter tho upper purt has become well arched towards 
n lateral light, tht;l npex would ultimately poiut to 
the ground instead of to the light, did not the upper 
part revcrse its curYtlture and straighwil itself~ a.~ 
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soon as the upper convex surface of the bowed­
down portion received more light than the lower 
conCMe surface. The position ultimately l188umed by 
young Imd upright cotyledons, exposed to light enter­
ing obliquely from above through a window, is shown 
in tho IlCcompanying figure (Fig. 181) i and here it 
may be seen that the whole upper pllrt hlUl become 
\'(~ry nearly strnight.. 'Vhen tho cotyledons were 
exposod before a bright lamp, standing 01\ the same 
level wilh them, the upper l:N.lrt, wbich was at fiNt 

"ig.ISI. 
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greatly fltciled towards tho light, became 8trnight and 
strictly J>l.Irollel with the surfl"lCe of the soil in the 
JXlu; the basal Pllrt beiijg now rectangularly bent. 
All this great amount of cUr\"llture, together with the 
suloseqlll·nt slroightening of the u])pcr I)lut, was often 
effected in a few houl'S. 

After the uppertDOflt po.rt hall become bowoo 110 little to the 
light, ill overhanging weight mut uud to illCl'OO8e the curva­
ture of the lower part; but lIouy such oll"ool W/UI shown in several 
ways to bo quite insignificant. When liltlo capll of tin-foil 
(horoaftertobodcsoribod) were piAcod OU tl16 sUlIllDita of the 
cotylodons, though this mWlt ha"e added considerably to their 
\\"uight, the rat.c or a!l\ount of bending W/UI not UtUB incre&l!Od.. 
But the boIit o\'idcnoo wlI.IIlI.ffordOO by placing pota with BOedlings 
of Phalari, before a mmp in such a poeii.ion, that tbe oolyloo.ol18 
were bOrizontally e.lt.mded and projectOO. at right angl6IJ to the 
lille of lighL In the OOUI"8e of aj; h. thoy were directed towards 
the light with their bases bent at riglit auglel; and this abrupt 
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cur\'aturecould l'Ot have been aided ill the least by the weight 
of tho upper pllft, which IICtoo. at right angles to tile plane of 
CUfVl!.tll1't!. 

It will be ShOWll that whell tho UpJX'f Imlvcs of the coty­
ledons of Plmlaris ami Avena wereencloeed in little ))i)>e8of 
tin-foil or of blackened glll88, in which eMIl the upper ))IIrt wtuJ 
mechanically prevonted from bending, the lov.·er IlIId UIl(!nc)ol!ed 
part did not bend wl,en expol!lld to a lateral light; and it 
oceurred to III that this fact might be due, lIot to the exehuuon 
of the light from the UPI)Cf])IIri, but to some nceesaityof the 
bending gmdually tmvclling do'Wli the cotyle.:lons, so thl!.t 
1I1I10IlS the upper pllrt first bceluuc bent, the lower could not 
bend, howover IIIl1ch it might be stimulated. It VI'lUI nOCCSllllfy 
torour llUr]lOIIOtOflllOOrtainwhetberlhisnotionwMtnle,llndit 
WM proved faleo ; for the lov.·er hah"'" of eo'eml eotyle.:lons 
became bo\ll'ed to the light, Il1lhough their upper halvea were 
enclOl3ed in little glua tubes (not blackened), " 'hich prevented, 
113 far l1li wo could judge,their bending. Noverthelll8ll,lIIIlhe 
part within the tube might po88ibly bend a very little, fine rigid 
rodlS or fla.t splinters of thin glasl! were ~ll1ented \lith shellac to 
0110 side of tho u ppcr part of 15 ootyledons ; aud in six CIll;C8 
they wcro iu addition tied ou wilh thread&. They wern Ihus 
forced to remaiu quite straight. Tho l'CIiult v.'1L$ that the lower 
hah'ea of all became bowed 10 the light, hilt generally not in I)(l 

~t a degree B.Il the OOlT9lpOnding l)II rt of the free lIeedlings 
in the l!a.Ino )lOta ; and this may perhaPl be /lOOOnntod for by 
/lOme ilight degree of injury having boon <:aU/led by & coll8idcr-­
able surface bllviug boon smeared with shcllac. It mlly be 
lidded, that when the cotyledons of l'halllriB lind A"cUII lire 
acted ou by apogoolropillm, it is tho upper part which begills 
first to bend; nnd whcn Ihill ])IIrt was rendered rigid in tho 
manncr jUllt doscribed, tho upward curvature of Ihe basal part 
wlI3notthllBprm'cnted, 

To ttl8t our belief that the upper part of tho ootyledollll of 
Phalarill, when exPOlled to a latcrallight, regulatea the bending 
of the lower part, manyexperimenu were tried; but DlO6t of ollr 
Iirst attenlllU proved u8(:l_ from variou8 call1l6ll not worth 
Bpecifying. Se"cn ootyledOlIll had their tip" cnt off for lellb'lha 
varying botwOOII '1 and '16 of all inch, IIlId these, when left 
cxpof!eo:1 all day to a latem! light,remained upright. IlIl!.nothcr 
IlCt of 7 cotyledons. Ihe lip6 wcre cnt oft' ror a Icngth of only 
about -()5 of au incb(l-27 mm.) and thCllO became bowed towanls 
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a lateral Jight, but not nearly 80 much AS Iho Ill/my other 1i!eE.'d­
lin~ .. in lbe same IIOts. This taller U!16 8how8 that cutting off 
tho tipll dOOl5 not hy it.-etf injure tho l)hUlle 80 &erioullty /III to 
pre'l""eut heliotropism; but we thought at tho timo, that 6uch 
injury might fonow when a greater length WII8 cut off, lUI in thtl 
fint act of uJluiments. Thol"<lforo, no more Iriale of this kind 
were 11IRdo, which we now regret; all we aftcrwards found Ihat 
when Ihe lips of throe cotylodonswcro cntoff for a Icngthof 
-2 inch, and of fonr others for lengthe of·J4, ·12, ·1, and 1)7 
inch, and thoy were u tcndcd hOri7.ontlllly, ilHlllrnputation di(L 
notiutcrferoin tho least with their bending 'l""crtically UI)Wllrds, 
through the action of llpogootmpism, liko unmutilated SlleCi­
mell8. It is Iherefore oxtl"<lmely improbable thllotthe amputatiou 
of the lip. for i('ngthe of from ·1 10 .1-1 inch, could from the 
injuryUm.c:ausedha>·epreventedthoIOworJlartrromhendinJt 
toward8 the lighl. 

Wo Ilul tried tho effecta of covering tho upper)lllrl of the 
cotyledoos of I'halum with Iittlo !!apll which w('re impermeable 
to light; the whole lower psrt beillp; len fullyoxpo8ed before II. 
lIOuth-w68t window or a bright Pftmffin Inmp. Some of tho cal)!! 
were mllde of extremely thin lin-foil blackencd within; these 
luld. the disadvautage of occasionally, though mrely, being too 
lu~avy, EoIIllOCially whon twioo folded. The bll8a1 edgee could be 
pl"68IIQ(l in\o e10f16 contact with the cotyledona; though tJlil! 
&gail) required !!are to prevent injUring them. Neverthelesf!, 
auy injury IllIla caullCd. could be detected by rellloving tho caps., • 
and trying whether the cotyledons were th('n flCnsitive to light. 
Other eaJ)8 were mado of tubes of the thinnest ftll\8ll, whieh 
when painted black &ef\"OO well, with tho ono great di&ad.\·antage 
that the lowcr ends \"'Onlll not beetoeed. But tubeewcre ItJIIed 
.. ·hich fitted tho cOtyledOll8 almOl!t c~ly, and black I*per wa!'! 
placodon the80il roundeach,toehcek the III)waru reHecUon of 
lightfrolll the80il. Such tube&were in ono I"08pect far better 
than CIl])S of till-foil, 118 it was »JS8ihlo to co\·or at tho same 
time fiOlllO cotyledons with tnmspal"<lllt and Olhorfl with opa.que 
IUbea; and thus our CJ:Jlerimol)!s oould be controlled. It should 
be kept in mimi thllt young cotyledonB were selected for trilll, 
_lid that th_ whCII 1I0t interfered witli I.oooowo bowed dowll 
10 the gronnd tOW"ards thelighl 

We will begin with til", glass-tubes. The ItUmmits of nillO 
cotylooons, dilfering IIOmewhat in height, were enclOllOC] for 
rather ICfll IIIAn balftheir lengths in uncolonred or transpRrent 
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tuboe; and th_ were thcn exvc-I before a 8()uth-'lrest window 
ou a. bright day for tI h. All of them became strongly curvod 
to"'nrds the light, in tho Ilamo degree RJI tho Inanyothorfroo 
800diingtl in the flRmo l>otR; so thnt tho glRJl8-lube8 certainly did 
not I)revent the ootylodons from bendillg towards the light. 
Ninoteen otber ootylodo08 were, at the .me timo, similarly 
enclOllod in tubell thickly painted with Indian ink. On five of 
them, the paint, to our BUrprise, oontraclod after ex!>06ure 
to the IJlmlight, and "~ry narrow cracks were formod, througb 
which a little ligbt elltered; and tbC116 fivo !'.R8OIJwere rejected. 
or tho remaiuing 14. ootylodons, tbe lower hlliv08 of which had 
i)()Cn fullyexpoeod toU10 light for the wholo lime, 700ntinued 
quito straight and upright; 1 was considembly bowed to the 
light, and 6 were Blightly bowed, but with the CIIIOIlCd '- of 
mOlit of them allIlOllt or quite stmight. It i8 po8IIible that !lOme 
light may have been reHectod upwardtl from thc8()il and enterod 
tho ba8I:w of th_7 tnboe, a.s the 8un Bhoue brightly, thongh 
bilJi of blackened paper had been plll(.'(.'(l on the !IOil round 
thclII. NeverthelCIJII, the 7 cotyledon8 which were 81iglltly 
bowed, k1goUler with the 7 upright on(!fl, J>J'06('nted a most ro­
marklt.ble contI1\8t in apl)()Omnoo with the llHUlY oUler seedlinga 
ill the !lame pot8 to which nothing bad been done. Tho 
blaektlned tubes ',Hlf'O then removed from 10 of these ecedlinga, 
and they wef'O now expoeed before a lamp for 8 h.: 9 of them 
became greatly, and 1 modemtely, cuued towardll the light, 
proving that tho previous ahrionce of any cnrvatnre in tho 
'-I IlRrt, or the I)J'CIlCllce of only a lI1ight degree of curvature 
there, WlUI due to tho exclusion of light from the tll)J)er IJRrt. 

Similar obecrvatiorul were made on 12 youngClr ootylooonli 
with their npJ)er halY(18 enelClllOd within gla88-tubeB oootoo with 
black varnish, and with their lower halves fully exJ)OSed to 
brightsUlliIhine.Intheseyoungersoodliogsthell6nlJitivezone 
_11111 to extend mlher 10'K"er down, a.s ~'a.s obae"OO on !lOme 
olber OOCRIJiOllll, for tll"O became almOllt a.s much CU"ed towanls 
tlte light WI the froo aoodling:s; and the remaining ten were 
slightly curved, although the basal pari of I16vcml of them, 
which norman,. beooru(l8 more curved tlran any other part, 
exhibitod hanilya trace of curvature. Thcso ] 2 aeed.ling8 
t aken logtltherdilfcrcd greatly in theirdegrooofcurvaturefrom 
1111 the many other soodlinp in Ihe same 1>O!a. 

Betler evidence of the efficiency of tile blackened tubetl 111''' 
Jncidentally afforded by aome experiments hereafter to be given, 
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in which the upper hah"es of 14 cotyledon. ",-e1"6 epclO!!ed in 
tubell from which lin extremel,!' narrow Itripe of the black 
varnish hlld been IICmped off. Th/llle eleared stripe!! were 
not dil"l.'Cted towards the window, but obliqU(lly to one side 
of the foom, 80 that only a ,·ery little light could act. on the 
npper halvaa of tho cotyloooll8. 'fhcso 14 !!COdlings roma.ined 
dnring eight houl"Ii of el:II06Ure before a 8Outh,wOllt window on 
a halY day qnite upright; whereua all tho other mallY free 
IMlOdlillb'"8 in the S8rne)Xlu, OOcarnegroatlybowedtowanis tho 
light. 

We will now turn to the trial. with eapll made of vory thin 
tin-foil. 'fhese ""ero 1111IOOd at different times on the summiu, of 
2-1 ootyledons, and they extended down for a leogth of betwecn 
·15 and "2 of an inch. Tho soodlillgswere oxpoeed toa lateral 
light for period, vlrying between 6 h. 00 ID. Ind 7 h. 45 m.. 
.·hichluffioedlocan80aJltheotheraoodlinp in the same pota 
to boconw almost reeta.ngnlarly bent towards the light. They 
ynied in height from ollly"().1 to l'll) inch, bnt tho greater 
number wcro about ·75 inch. or the 21 ootyledon, with their 
,ulumita thus protected, S bocame lUuch bellt, but not in the 
direction of tho light, and 8.8 they did not ~traighten themselves 
through IIpogootropiarn during tho following nigM, either the 
ealJli were too hoavy or the Illaut/l tholll~lvaa wore in a weak 
condition; and tlu16e three ea.ses mlly be cxoludocl. There 
are lert. for oon.aideratiOIl 21 cotyledona; of theecl7 remained 
all the tillle quite upright; the other 4 became alightly inclined 
to the light. but nut in a degree complnr.ble ",ith that of the 
man,!' free JO(l(lIinga in the sarna pots. AI Ihe (; .... tubell. when 
wlpajuwd, did not pre.ont tha col)"ledon8 froID becoming 
greatly bowed, it cannot be 8Uppot;Od that tile caps of ,-ery 
thin tin_foil did lO,exoept through tho ex.eiuaionof the light. 
To llroye that the plants had not boon iujurod. tile C&piI were 
remo,·oofromGofthouprigbtseedlings.audthOllC\\·ereexposed 
befON l\ Ilftmffin lamp for tho sarno length of time as bofore, 
and they now aJl bocame greatly eurvod towarde 1I1elight . 

.As CIIoIIII betwoou '15 alul ·2 of an inoh in depth w"re thns 
provoo to be highlyolllci(nt in IlteVcntingthecotylooonsfrolll 
bending towarda the light. 1:1 other cotyledon, were protected 
with eapil between only ·06 and '12 in depth. Of th(lll(l, two 
remained Tcriical, oue was oonsidembly I.nd fh'o slightly cunod 
towards the light,butfarles880thanthe free IIOOIliinpiutho 
-po"-
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Another trial was mndo in a different manner, namely, by 
oondaging with stripe of tin-Coil, "bont·2 in breadth, tho upper 
l~rt, but not tllo actual summit, or eight moderntcly yOllng 
seedlings a littlo overllRlfan inch inlleij:!;Jtt.. ThesummitRllnd 
the bft.snl pn.rUiwere thus left fully exposed to a latenl light 
during 8 h.; an upper intermediate 1.ono !lCing llrotoctOO. 
With four of these seedlings the summits were exposed for 
a length of{),') inch, and in two of them this :pIlort became 
cunad towards the light, but tho whole 101\·or part remained 
(luite upright; whereas Ihe entire length of tho other two 
I!I!edlings became slightly cUl""',.od towards the light. The 
lIurumils of the four other seedlings were e:rposcd for a length 
of -Q.1 inch, lind of these one remllinoo almost upright, whilst 
the othor tllrM became oonRidembly cllrvOO towards the light. 
The many free soodHngs in the !!fIme poUi were all greatly 
curved towards tho light. 

From these se\·ornl sets of oxperiment~, including those with 
the glal!B-tube8, and those when the tips were Cilt off, wo may 
infer that the o:rehu!.ion of light from the upper J"IfIrt of the 
ootyledons of Pbalaris prevents the lower part, though fully 
eXllO!iCd to a laternl light, from becoming curved. The summit 
for a length of 1}1or·o;;of an inch, though it is ilsolf scnsitivc 
lind curvet! towards the light, lUIS only" slight po'l\""er of ellu~inp: 
the lower part to bend. Norha.stheexelU!!ionofliglltfromtho 
summit for" length of ·1 of an inch a drong h,fluclloo on the 
curvlltufCof the lowerJ>llrt. On the otherhllnd, lin exclusion 
for .... length of between ·15 lind ·2 of lin inch, or of the whole 
np]lCr hlllf, plainly preventa the lower and fully iIIuminatcd 
J>IIrt from beoomingcur'ledinthom"nner(seeFig.181)whieh 
invariliblyoccurBwhellllfreeeotylodon is e:rposedtoa lateral 
light. With\·eryyoungseed.lings the sensiti"e zone seems to 
extend rather lowor down rollitively to their height than in older 
seedlings. We must therefore conclude thllt when seedlings 
nrc freely e:rpoilOO to II lliternl light IIOme influeuee ill tmns­
mi\tod from the upper to the lower J>IIrt, causing tho Ilitter to 
bend. 
Thi~ oonclullicm is 8Ullported by what ma.y be seen to occur 

on II small scalo, eapecililly with young cot yledons, without IIny 
IIrtificilil exclusion of the light: for they bend bcneatll the earth 
where no light C,III enter. Sood.a of Phslaris were covered 
with a layer one-fourth of an illeh in thickness of "ery flno 
SlIud, cOllsisting of extremely minute grains of sile:r ooated with 
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oxido of iron, A layer of lhit! IIIUld, moiSUonOO 10 the IllUDe 
d<'gree lUI that over the IICOOS,W1UI spread ovcr a gJas&.lllato , and 
when the layer 'Wall '05 of an inch in thiclrn_ (carefully men­
Illlrod) no light frolll a bright sky oould be 86eIl to 1_ throngh 
it, unleflll it "" lUI \'jowOO throtlgh a long bl-.ekellOO tube, and 
then a tmce of light could be doledod, but probably much too 
litlletoalfoetanyplant. A laycr'loCan inch in thickuC88wlUJ 
quiteimpennroble 10 liglit,f18 judged by Ihe oyo aided by Iholube, 
It may be worth adding that tho layer, when dried, ~mllined 
equIIUy impcnnellble 10 light. '1'his snnd yielded 10 yery slight 
pressure whilst kept moist, and in Ihis state di(1 not contract 
or crack in the ICI\8t. In II. fint Irial, colyledons which ILad 
1!"O'irll to a moderato height wereexpo&ed for 8 h. Wore a paraffin 
lamp, and Ihoy became greatly bowOO, At their b&ae. 011 the 
Ilha1:1OO lIido op)lOflite to the Iighl, well-deflnOO, creecentic, open 
furrowa were fonned, which (m_urod UDder II. microeoopc with 
I micrometer) were from {l'.! to '03 of an illch ill I.ort>adth, and 
th_ had evidelltiy been left by the bending of tile buried biscs 
of the cotylOOolls towards tho light. Onlho side of the light 
thoootyledona",'ereinc]O@eoonlactwiththe811lld,whichwfl8a 
very little hoope.:1 up. By removing with a slllUl) knife the 
SBlld 011 one , ide of the oolylOOonll in the line of Ole light, the 
bent pOrtiOll and the open furrows were fouud to (\J:tend down 
to a depth of about '1 of an inch, where 110 light oollld enler, 
The chords oC the short buried IIn'.8fonned in fonrCMCllaugles 
of 11", IlP, lfjO, and ISO, with tho perpendicuillr, By the 
folio1t'ing morning lh686 short bo~;ed portion. had atra.ightened 
thenl86\'fOl through apogoolrop.ism.. 

In tile next lrial much younger cotyledons were similarly 
treated, but were upoeed 10 110 rather ol.cure llIteral light. 
After IJOme honn, II bowOO cotyledon,'S illch in height, had au 
open furrow 011 tho shaded side '04 inch in IJrcaJth; IInothfl' 
ootylodoll,ollly '18 inch in height, had left a furrow '02 inch in 
broodth. UutthemOfit curiOU8Cf18O wfI8thatof llootyledon which 
had jUllt l)rotrlldOO IIbol'O the groulld aud WIUI only '03 inch in 
height, lind this was fonnd to be bowed in the directiOn of the 
ligilt toa depth of '2 of au inch beneath tho ~\lrfaee, }'rom 
.. hat we kilO'" of tho impermeability of this Mud 10 liglJl, tile 
upper illuminated part in tll686 S(weral C&SeII must bave deter-
001)00 the eurvatlU'e of the lower bnried por1iolUl. But an 
apparent CllIUIO of doubt may be suggested: .. tho oolyledoll8 
are continually eircwnnntating, they tend to Conn a lIIiuuto 
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crack or furrow all round their 00_. which would admit II. 

little light on all sidos; but this would not hapIJCn whcn they 
..... ere illuminated latemlly. for we know that they quickly bend 
towards a latcral light,llndthcythcnprcaal!O firmly Rgl\inst the 
8I.Iud on the illuminated side 1!.8 to furrow it, and this would 
effectually exclude light on this side. Any light admitted ou 
the oppol!ite Rnd shaded side, where au open furrow is formed. 
would tend to counteract the curvature towanis the lamp or 
other sourre of the light. ]t IMy be added, that the use of fine 
moist sand, which yields easily to pressure, was indiSlJCn8l.lhie 
iuthe aboveexpcriments; foraoodlingamised.incommonllOil, 
llot kept especially damp, and expollOd for 9h. 30 m.to a strong 
lateral light, did not fonn an open furrow at their ba.sea on the 
.shaded aide, and wero not bowed beneath the surface. 

Perlmpe the moat striking proof of the action of the tipper 
on the lower lJart of the cotyledons of Phalaris, when laterally 
illuminated, was afforded by the blackened glasa-tubes (before 
alluded to) with vcry narrow stripc3 of the Vllmish scraped 
off on oue aide, through which a little light "'as admitted. 
The breadth of these stripes or slite ,"aried between "01 aud 
"0'2 incll ("2':' and '51 mm.). Cotyledons with their upper 
halves enclosed in such tubes wero plnood before II. lIOuth-west 
window, in such a poeition, that the scraped stripes did not 
directly face the window, but obliquely to one side. The seed­
lings were left cx]lOl!6(l for 8 h., beforc tllO close of which tilllo 
the many free seedlings in the 8I.Ime pots had become greatly 
bowed towards the window. Under thCllO circumstances, the 
wholo lower halves of the cotyledons, which had their sUillmits 
enclosed in the tube!:!, werc fnlly expol!od to the light of the 
sky, whilst their uPIlt.'r hah"ea received exclUAively or chiefly 
diffll.Sod light from the room, and this ouly through a very 
narrow slit on olle side. Now, if tIle eurvaturo of the lower 
part had been de\emlined by the illumination of this part, all 
the cotyledons lISSurodly would have booome cun'ed towards 
the window; but this was fnr from being tIle case. Tubes 
of the kind just described were placed on several oocasions 
over the upper halves of 27 cotyledons; 14 of them remained 
all the time quito vertical; !IO that sufficient diffused light 
did llot enter through the ll1!.rrow slits to produce any effect 
whatever; and they behaved in the I!II.me 111ll.Un(lr as if their 
upper halvos had been euclosod in completely blllCkened tubes. 
'1'he lower halves of the 13 other cotyledons became bowed 
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not dil'&Ctly in the lino of too window, but obliquely towards 
it; one pointed at an anglo of only 18", but the I"Clnaining 12 
at anglCti varying beb'oon 45~ and 62° from the lino of the 
window. At the oomtncnooment of the oxperiment, I)illl! had 
boou laid 011 thecarihinthedirootiollto""llordawhichthellitllin 
the TIIomi8h faced; and in thill direction alone a Imnll amount 
ofdilfusod lightenterud. At the cloeo of too e%JX'rimcnt, 70f 
the 00 .... (\(:1 cotyledons pointed exactly in the line of the pin", 
aud 6 of them in a line betwoon that of the 1)il1s and that of the 
window. This intenlll'(iiaie po6ition is intelli¢blo, for any light 
from the slry which entered obliquely through the slila .... ould 
be much Illore efficient thAn the diffu8ed lightwhichentorod 
directly through them. After the 8 h. exposure, the OOlltl'l\!jt 
in.PPORmnce 001"'000 these IScotylOOoll8 and the mnllyothcr 
500dJinp in tho llIlIlle )lOts, ,,·hicll wcre all (clOOllting the above 
14 vertical onos) greatly bowed in IItra.ight .nd fJQrallel lioes 
towards the ... indow, was extremely remarkable. It i. thel'\'fore 
certain that a little WOllK light striking tho UPllOf halv6I of the 
ootylOOon8 of Phalaris, is fur more llOtent in detennining the 
direction oCtho curvature of tholowef hah6l, Ihnu the full 
illuminu.tionofthelflttc.rduringtho .... holetimeofe:ll)()llurc. 

lu oonflrmatiouof thonbovorOlllllts,thocffootorthiekly 
painting with I ndian inkono lilie of Ihe upper pRri or throocoty· 
!edoWl of }'ha.larm, for a length of'2 inch from their tips, may be 
worth giving. 'fh_ ..... ere )laced 80 that tho unpllinted 8UrflU':e 
Will directed. not toward8 the window, but • little to one !ride; 
and thoy aU becamo bent towarda the "1II~inted lIide, and from 
the line of the window by anglo. amounting to Slo,8;jo, and 83". 
The curvature in this direction Oltended down to thei r bR_, 
although the wholo lowor l)/lri WILS fully CIllOsod to the light 
from the window. 

~'inal1y, although there enn be no doubt that the ilIundndion 
of the upper Jll'rt of the ootylooons of Phalaria greatly affoots 
the power and manner of bending of the lower Ilart, yet 80me 
obeern.lion8 _rued to render it probable that thellimultaneons 
iltimul.tion of the lower part by light greaUy ravours, or is 
almOllt n6Ce'lllary, rOf its wcl1-ItIArked curvature; but OUf experi· 
IIl(lni.a were not OOnclIlSh'e, owing to Ule difficulty of exclnding 
light from the lower halvOll without moohanienlly preventing 
tbcireurvature. 

..4.WIW IIIlilJll.-The ootyledon. of this pliint beoome quickly 
bowed towanb a latcraJ light, cmctly liie th<:w:l of Phlll&rit;. 
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E:o::pcriments B.imilar to tho foregoing ones were tried, sml wo 
wi!! give tho results IlS briefly a~ poSllible. 'l'hey are 8Oroowhn.t 
lcSll concluB.i"e than iu the case of Phslaris, and this may 
possiUly be accounted for by tho seuB.itivo zono varying in o:o::ton­
sion, in aspooiC3 80 loug cultj,'n.ted and "lIorillobloasthecoTUlnoll 
Oat. Cotyledons a little under three-quartcrs of !Ill inch ill 
hcight were selected for trial: siJ: had their summit.' protected 
from light by tin-foil CIl.ptl, '25 inch in depth, and two others b~' 
caps '3 inch in depth, Of these 8 cotyledons, five remained 
llpright during 8 hours of exposure, althongh their lowcr parts 
were fllllyexposed to the Iighhll the time; two were very 8lightl~·, 
and ono conB.iderably, bowed towarJsit, Copsonly '2 or '22 inch 
in depth were lllaecd over 4 othor cotyledons, and now only one 
remained u]lright,onowas slightly, and two eons.iderably bowed 
to tho light. In thisnnd the following cascs all thofroe seodlillb~ 
ill tho IliImo l)Qts becamo greatly bowed to tho light. 

Our next trial was mude with short lengths of thin Ilnd 
fairly tmnslmrent quills; forgllWl-tubesof suffieieutdiameter 
to go o'·er tho eot~'ledons would haW! been too heavy. Firstly, 
the summila of 13 cotyledonli were enclosed in Ulipaillted 
'1uillS, lind of these 11 became greatly and 2 8Jjghtl~' bo ... ed 
to the light; 8IJ that tile mere act of enclosnre did not ptel·ent 
tho lower psrt from becoming bowed. Secoudly, the summits 
of 11 cotyledons wete enclosed in quills '3 inch in 10ngth,IJllinted 
8IJ 118 to be impcnneable to ligllt; of these, 7 did uot be­
el)!lle at 1111 inclined tOWllrdS tho light., but 3 of thelll were 
slightly bentlUore orlCllS tmus\'el"llOly with respcct to the line 
of light, Ilnd these might perhaps haye been altogether ex­
cluded; Olle aloue WII8 slightly bowed towards the light. 
Pailltodquills, '25 inch iulcngth,wereplaeed ovcrtlJeliumlllits 
of4 other cotyledons; of these, ono IIlono remained upright,s 
(j(!()Ond wa.s slightly bowed, and the two others a.I! milch bowed 
to tho light as the froo scodlings in tIle IliIme pots. These two 
latter cases, eons.idering that the caps were ·25 in length,ate 
inexplicable. 

Lastly, the summits of 8 cotyledons were cooted with flexible 
and highly transparent gold·be3tel'll' skin, and all became lUI 
much bowed to the light as the froo scodlings. The summits of 
9 other cotylooons were similarly coated with gold-beaters' skin, 
which Willi theu painted to a depth of between "25 and ·S ineh, 
so as to be impcnueable to light; of these 5 remained upright, 
and <1 ,,·ere weli bowed to the light, almost or quite as well RIi 
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the froo &eedliuftL Th_ latter four e&8e!I, lIS woll lIS the Iwo 
in tho 1&111 l)ftragral)h,off .. r a strong eJ:ooptiou to the ruJe lhat 
the iIlumillauon of theUI)per)l4rt detennilletl thecunatureof 
tho 101l'er part. N6v~rthol_, 5 ot th_ 8 cot~'ledou. remained 
quite upright, although their lower hal"a wera tully illuminated 
all the time; and it would almOilt be a Ilrodigy 10 find he froo 
Reedliogll8taoding vcrticallyafteranc:tpoaura for fIO,'ernl honrs 
to 110 latcrallight. 

Tho cotyledous of A vena, like th080 of Phalaris, when growillg 
in 80ft, (Lunp, f1ntllllllld, iea,·c an open eroscentric CUrrowon the 
IIhadod eido, aftcr bcnding to a iaternllightj and they become 
b01\'ed beneath the eurfllOO at a do:.>plh to which, lIS we know, 
lij::ht cannot jJCnehuto. The area of thechorde of the buried 
bowod portions Conned in Iwo C8SCII anglcs ot!!A)O and 21 0 with 
the 1)Cf1)Cndicular. Tbe open fllrrov'8 on tho Ihaded side were, 
in four ca8O!I, '008, '016, '021, and '02-1 orau inch in breadth. 

JJru.uica " , _ (Common Red).- It will hera be 8ho""n that 
!lIe up))Cr halC of tho hypoeotyl of the cabba!;ll, wIlen illuminated 
by a lalcral light, dctcnniocll' the curvature or the Illwer half. 
It is IUlC088/lry to clperimcntise on young soodlingtl about balf 
all inch Or mther 1C611 in heigllt, for whcn grown to all inch and 
upwarosthoOOf!a1 ll4rtccl&SCSto\)Cnol. We first triOOp.inting 
the hypoooty18 with Indian ink, or cutting off their summits. for 
'"lirious leugths; but thOl'C elperiments all) not ... ·orth gi'l"ing, 
thollf\"h theycoilfirlll,M fllr BI:I theyoonbetrll>ltod,the l"Cf'ults 
of the following onea.. These were made hy folding gold-benten<' 
~kin on06 round the uPI)Cr hah'C!I of youllg hY]locotylll, and 
JlIlinling it thicklywilh Iodinu ink or w-iUI blaclt fPUl..<e. .As 
acootroi61perimellt,thesametraIl.llparent6kin,lenunllllinled, 
wlI8toldod roun(ithe upper halves of I:! h)pocotyllJj and these 
all !JeroDlo greatly (lun-od to the light, elcepting OliO, which W&II 

only modcNltc.1y cun·ed. Twenty otlier ,"Ollng hypocotyl8 had 
the skill round their upper lud'l"es Jlo.intcd, whilst their lowcr 
hah-C3 wcre lefiquitc !lOCO"cred, ThCIIC IiOOdlinp wore then 
6lpolled,genemlly tor betwecn7 aud 8 h., in a 001 blackened 
lI'ithin alld open in front,eitherbcfure n80uth-wClitwiudowor 
a J1fIrafbll lalO). This C:tpOlluro WIUI aml)ly suflldellt, &Jj WILlI 

shown hy Ille 6trongly·markod heliotroPLun of all the {roo fIOOd­
liug!! in the 1IIIIIIe pots; llO'I"erthclestl, IlOUlO 1I"era left CIIIOfiCd 
to the light for II much longer time. Of the 20 hYllOCOtyis 
thuJ>tn;ont('(I, Un'Il1a.inooquit6upright,nnd6 became slightl," 
OO""erl io the light; Lut 2 ofthcso latter C&8eII 1I'Cn"I not n-ally 
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eXOI.'ptions, for on remo~jng the skin the paillt was found im· 
perfect Rnd"l\"lIS penetrated by many slUall transparent spaces 
on the sid03 which fnood the light. Merool·or, in two other CIlSCS 

tho ll&intcd skill did 110t extend quito halfway d!)wll the hypo­
oolyl. Altogether there WI\S a wonderful coutrast in the scI·eml 
pets bctll'oeu thosc 20 llypooolyls and tbe other many free 
seedlings, which wcro all grelltly bowed dewn te their bases in 
the directieu of the light, some being almost pl"O!:!tmte en t110 
ground. 

'fhe most successful trial on any eno day (included in the 
above results) is worth describing in delail. Six yeung seed· 
lings were selected, the hypoootyls of which wcre nearly ·45 inch, 
exocllting onll, which WM ·6 inch in h~ight, meMurod from tbe 
bAAes of their petieles to tho ground. 'fheir ullpcr hal'l"es, 
judged WI accurately as could be done by the eye, wore folded 
onoo round lI'ith gold·beaters' skin, and this WI\.8 pointed 
t hickly with I ndian ink, 'I'hey were upowd in IIIl ethcrwise 
darkened room befere a bright JlQraffin lamp, which stood on 
a le\'el with the two pots containing tho soodlings. They 
woro fint lookerl at after an intef'l"al ef 5 h. 10 m., and fivo 
ef tho protocted hypoeotyls were feund quitc erwt, the si ... lh 
hoing very slightly inclined te the light: whereas all the many 
froo I!OedLings in the sam6 two peUi were grootly bowed 
to the light. 'I'hey were again e:mmined after a continuous 
oxposure to the light of 20 h. 3:; m.; and now the contrast 
between tho two wts WlUl wonderfully gn:at j for the frec seed­
lings h(l.(ilheirhypoootyls exteoded alm06t horizontalJyin the 
direction of the light, and were CUM'ed dewlJ to the ground j 
whilst those with tho upper halves protooted by fhe pointerl 
skin, but with their lewer hah·es fully Cll108Cd to the !igM, still 
remained quite upright, with the excclltien ef the ono which 
retaiued the same slight inclinatien to the light which it had 
beforo. 'l'his lattcr soedling"ll"l\.8 fonnd te ha'l"e boon mthcr 
bodly painted, for en the side facing the light the red ooleur 
ef the hypoootyl oolild be distinguished through the pain\.. 

We next tried nino elder seedlings, the hypoeetyls ef which 
varied betwoon 1 and 1·6 inch ill heighI-. Tho gold·beaters' 
skin round their upper parts was painted with bllUlk grease to 
a depthofouly·S mch,tIIRtis,from JC88 than a tllird to a feurlh 
or fifth ef their total heights. They were eltposed to the light 
fer 7 h. 15 ffi. j lind the result showed that tllll whole of the 
scuaitive zone, which determines tho curvature of the lower 

Rl The Complete Work of Charles Elarwin Online 



tK.,!'. IX. TUA~Slrl'l'TED EJ.'FECTS O~' LIr:IIT. ·18 1 

~rt, Wl\lI not protected from the action of the lif:ht; for 11119 
became Cl1rnld to"'ltrd.8 it, J of U1CID veryslighUl, S modernteIl, 
lind 2 almOflt lUI much IL'Ithe ulIllrotectoo IiOOdtingL NOverOle-
100000, tho whole 9 taken togetberdiffered pillojnlyin thoirdegree 
of CllrYRtllI'O from the many f~e li6edlillf:1l, a11(1 from IIOme 
which were wmppoo in unpainted skin, gJ'Owiug in tho same 
two Jlots.. 

Secda were oovered with about a qllarter of an inch of tho lint! 
stllal described undcr Phalnris; and whcll tho hypoeolyls had 
growntofl.heightofbetwoell·4elld·55ineh,thelweroru:pow::l 
dnringtlh.befQroaparaffinlanll),theirllRSCllbeillgatfinlt 
clo8cl,y snrroundO(l by the (lamp sand. They all bee.amo boWOlI 
dOl'''U to the ~'TOund. 10 thllo! their upper pe.rta lay near 10 Rnd 
a!moet pnrallel to the surface of the 8Oil. On the sido of Ihe 
light their '- were in clOllO contact with the .nl!, which Wall 
here a ,'uy littlo heaped up; on the oppollito or shaded side 
there were Ol)("n, crescentie crncb or furron, ..... tller above '01 
of an inch in .. Mth; bllt t!teywero not 10 Iha.,) and regular 
l1li tliOllO mlldo by Pbalaria nud A "ella, and therefore could not 
be 110 ea.siJymelUlurcd undcr tho miclOllCOlle. Tho hypoootlla 
wcre fOUIlU, whell tho l!Rnd WIUI removoJ. 011 ono sido, to be 
curved to~dellth heneath tho SurfllCO in throe cases of lit least 
'1 ineh,inll fourthtl\S(lo f ·n,und in a firul of ·ltiinch. The 
chorda of the al'Cl! of iho short, bnried, bowed portioDli fonnOlI 
anglCil of betwoon llOand 15"with tho IlerlJendicular. }'rom 
what.,..o hllve teen of tho impermeability of tbi, .ml to light, 
the cUf\1ltllre of lho hypocotylll certainly cxt<"ooed down to II 
dOlltll Wllenl no light could enter; and tiiO CtlrVlltnro must 
bavo been canoed by an inHllelloo tnl1l11llittoJ. from tho npper 
illuminated part. 

The lower hal .. CII of fivo yonng hypocotyls were surrounded by 
ullllflintOlI gold-l.It'aten' Bkin, and UHlse, ancr an exposure of 8 h. 
before a pnrnffin lamp, all beca.mo &II much bo"'OlI to tbc light 
l1li tho freo wxilingl!. 'fho lower halvCII of 10 other young 
hypoootylJ!, 6imi1~rly surrounded with tho akin, wero thickly 
painted with Indian ink; their upper ~nd unprotected halYes 
became well cur .. od to tho light, but their lower and protected 
halVCB rem~inocl vertiCIl! in all the CMe!I ucepting ODO, aud ou 
this tbe lnyer of paint WIUI imperfect. This reeult l!e('IlllIW 

proyO that tho influcnce transmitted from the upper part is 
not sufficient to caWiO tho IOI\'er part to beud, un!01IIJ it be at 
the 8IlIllO timo i1luminAt~; but there rt'llUlins the doubt, loll in 
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the CMe of Plmlnris, "Whethcr the skin corercd with a rnthcr 
thick crust of dry Iudian iuk did not moohauically prevent 
theireurmtUl"(l. 

lJda "Vul!J(lris.-A few aualogous experiments weI"(! tried on 
this plant, which is not .cry well adaptO(I for the purpose, fll! the 
bll..sal partoftlLe hYI>oootyl, after it has growil to above half all 
inch in height, does not bend much on exposure to a latcrnl 
light. Four hypocotyls were surrounded elO8C bcIleath their 
petiolCl!with stripll of thin lin-foil,·2 iuch in breadth,and tliOY 
remained upright all day before a paraffin lamp; two othCl"8 
were surrounded with strips ·15 inch in breadth, and one of 
these romllined upright, tho othcr l>coomiug bowed; the band­
ages in two other cases we I"(! only ·1 inch in breadth, aud both 
of these hypoO<ltyls beCllme bowed, though one only slightly, 
10W.lrdS the !igM. 'I'he froe soedliugs in the SlIme POUt were 
all fairly well curved towards the light; and during the follow­
ing night becamo nearly ullright. The pots wcre now turned 
round and placed beforo a window, SO thnt the opposite &.idCl! 
of the seedlings wcre cxposOO. 10 the light, towards which all 
the unprotootod hypocotyls became bent ill the course of 7 h. 
&,,·en out of tilc 8 seedlings with bnndage6 of tin·foil remained 
UIJright. but one ~·hjch had a oondage ooly ·1 ineh in breadth, 
became curved to tho light. 011 another occa.sion, thc upper 
113\nlS of 7 hypocotyls wel"6 surrounded with painted gold­
ixlBtors' skin; of these 4 rcmlincd ullright, aDd 3 became a littlo 
cnrved to the light: at the UIlIO timo 4. other soedlin1s sur­
l"(lunded with unpainted skin, lUI well lUI tim froo onCJ! in the 
ume pots, nil became bowed towards tho lamp, before which 
they had boon cxposed during 22 hours. 

lIadide& of $il.api& alba.-'1'ho mdic\ce of some Illants are 
indifferent, as far lUi curvature is oonoorn~>d, to the action of 
light; whilst othors bend towards and others from it.- Whether 
these moyemenUt are of any il('rvicc to the Illaut is \"crydonbtful, 
at lB:l.St in tho co.se of subtcrranean rootaj they probably result 
from tllo radic\os being ~ensiti\"e to oout.act, moisture, olld gra,·i­
tatiou, ann as a OO!JIsequcnoo to othcr irritouts w\.ich arc ncwr 
uaturally enoountered. 'fhe radicles of $inapj, alba, when 
illllllcrsod in water !lIId eXllOIlOd to a lateral ligllt, boud from it, 
or aro aphcliotropic. Thcy l>coomo bellt tor a lcngth Qf about 
-1 mm. from their tips. To IIIlCCrtain whether this mo,·clUent 
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generally occurred, 41 radieies, which bad gennin.atOO in damp 
1IR1'I"Just, 1I'ere immen;ed in ""ateralldexpoltd to"lateralligllt; 
and they all, with two doubtful exccl)liol\~, bocame CUITOO from 
the light. At the !!aIDe time the til" of 54 oil,er radieies, 
similarly exposed, were just touched with nitrate of silvcr. 
They were blackened for a lcngth of from 'OS to 'm IUUI" and 
)lrollRlIly killed; hut it should be ob&ervcd that this did net 
check llIaterially, if (l.t (1.11, the grown\ of the upper jlnrt; for 
8(lveral, whioh were IDCR\urod, increaSod ill the OOUT8(l of only 
S-9h.by5107mm,inlength, Of the Mcauieri!!«l.radicles 
oneca80 was doubtful, 25 curved thelllllel\,CI! froUi tho light in 
the 1I0Tmallllanner, and 28, or more thall hair, were not in the 
least allheliotropic, There "'as a oousiderablo difference, whicb 
we callnot ACCOIlUt for, in the result. of the cxperimenta tried 
to1'l"llrds the end of April aud in the middle of Sc,l\ember, 
Fifteen radieice (part of the ahove 54) ",·ere (ljIuteri6Cd at the 
former period and were cxposed. to IJUn,hino, of which 12 Cailed 
to be IIpheliotl'Opic, 2 were still a)lheliolropie, and 1 WM doubt­
ful. In September, 3!l canterised radielce were ClposOO to a 
northern light, being kept at ... proper temperoturo; (l.udnow 
23 oontinued to be npheliotropie in tho lIorlJlnt manuer, nnd 
only 16 fuiled to belld from the light. Lookiug at the aggregate 
rcsult.g ... t lxIth periods, thero can be no doubt thllt the de­
struction of the till for Jess thun a millimeter in length destroyed 
ill mol'(! than half the CMCIi their power of mavin!; from the 
light. It i8 probablo tlUl.t if the til" had OOcu eautorisod for 
the length of a ""holo millilDeter, all signa of RI)lleliotrollism 
"rould haYe disappeared. It may be su~\(>(1 that althongh 
the application of caWltic docs not slop ~rowlh, yet enough may 
be abeorbed to dOlltroy the power of monlJuent in tho upper 
part; but Ihill lIuggestion must be rejected, for we ha.e seen 
andslmll again fICO, that cauterising ono lide of the tipof vurious 
kindll of radiciOl actually exeit~ InO\'elllent. The oonclusion 
1I00I118 inovit ... bJo that sensitivon(lSlJ to light rcsides ill the tip 
of the Tjldiclo of Sinapis alba; and H,at tho til) when thu8 
atimuiated tnmslIIitlll J!Omo influence to tho U)lper part, causing 
it to bend, i'bo ease in this T66pect is 'lantllcl WiUl timt of 
thoradiclCl of fKlyeral planu, tho tips of which aro acnlli\i\'o to 
coutact I.lId to other irritants, and, all will be shOWil ill the 
eleventh ch.o.l)ier,to gravitatiou, 
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CONCLUDING REMARKS AND SUmrAR\' OF C HAPTER. 

"'e do not know whether it is It general rule wilh 
seedling plants that the illumination of the upper 
Imrt determines the cun'atma of the lower part, But 
liS this occurred in the four species eXiunined by us, 
belonging to such distinct flllllilies as the Grnminete, 
Cruciferro, and Chenopodere, it is probably of CQlIlmon 
occurrence. It can hardly fail to be of service to seed­
lings, by aiding them to find the shortest pMh from 
the buried seed to the light, on llearly the smne 
principle that the eyes of most of the lower crawling 
ll11imo.ls are seated at the [Ulterior ends of tlleir bodies. 
It is extremely doubtful whether with fully developed 
plants the illumination of one 1>l.1rt erer affects the 
eurnlture of another part. The summits of 5 young 
plants of Asparagu8 ojJicinalis (V1uying in hcight 1.Je­
tween 1'1 Ilnd 2'1 inches, nnd consisting of sereral 
sllOrt internodes) were covered with eapiil of tin-foil 
from 0'3 to 0'35 inch in depth; and the lower un­
('Overed parts became as much curved towards a lateml 
light, as were the free seedlings in the same pots. 
Other seedlings of the same plant had their summits 
painted with IndilUl ink with the same negative result. 
j)ieces of blackened pflpcr were gummed to the edges 
Ant! over the blades of some leaves on young plants of 
TroplColIlIIl maju8 and RanunculU8 ficaria; these were 
then placed in a box before a window, and the petioles 
of the protected leaves became curved towards tIle 
light, as much as those of the unprotected leaves. 

The foregoing cases with respect to seedling plants 
lun-e been fully deseribed, I\ot only because the trans­
mission of any effect from light is a new physiological 
fact, but because we think it tends to modify somewhat 
the current views Oll heliotropic mo\'cments. Unt il 
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lately 8uch lllovement8 were belien!d to re8ult similly 
from increased growth on the shaded 8ide. At present 
it is commonly admitted· that dimilJi~hed light in· 
crease8 the turgescence of the cells, or Ihe extensibility 
of tho cell,wl,lIs, or of both together, 011 Ole shaded 
side, Ilud thnt this is followed by incrense<l growth. 
But Pfeffer hns shown tllat a difference in the tur· 
gescence 011 tho two sides of n pnh'iulls,-tilat is, nn 
aggregilte of small cells which ha\'o ceilsc<1 to grow lit 
an earlyage,-is excited by a difl'crence in tho amount 
of light received by the hlo sides; and that moye­
Illent is thus caused without being followed by in· 
creased growth 011 the more turgescent side.t All 
obsen'ers apparently believe that light nets directly 
on tho part which bends, but we ha\'c !K'Cllllith the 
ab(l\'o dcseribc.t seedlings thnt this is not tho cuse, 
Their lower bah'CS were brightly illumiul.tcd for houl'S, 
and yet did lIot bend ill the least towards tho light, 
though this is the purt which under ordillary circum· 
stnnc('s Ix>nds the most. It is a still moro striking 
filct, that the fuint iUUllliuiltion of a ullrrow stripe 011 
oue side of tho upper part of the cotyledoll8 of Phalllris 
determined the direction of tile curmture of the lower 
llllrt; 80 tlmt tllis lattcr part did 1I0t beud to\"\"iIrds the 
J.,right light by which it had been fully illumiuiltcd, 

• Emil OOOle".k i illll ~I'CIl 
('Dol. Z,:ilu"g,' 1879, No.. 6-9) 
alieloollclli BOOOUlll(p. 120) of 
tlt0l'l1lII,:lIt.lateoflh0'lu,·SliOil. 
So!<! LliIOVin .. in 'Arbe'tcn dOl 
llot.lult.inWIirt.hurg,' 1S71l.B. 
il. PI'. IH-I~7. IIugo do Yri .... 
hal reoently puhlW,ed " IliIl 
more important article on lloli 
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t 'Die I'criodi.teben Ue .. egun. 
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hut obliq\l(~ly towards one side where only 11 little 
light entered. 'f hese results seem to imply the pre­
sence of somomatter in the upper purt Ilhich is actea 
on by light, ana which transmits its effects to the 
lower part. It hns been 8holll\ that this transmission 
is independent of the beuding of the upper sensiti,'e 
part. \Vo have all analogous case of transmission ill 
Drosenl, for wben a gland is irritated, the busal and 
not tho upper or intermediate part of the tentacle 
bends, 'fhe flexible and sensitive filament of Dionrea 
likewise transmits tl stimulns, without itself bending; 
us does the stem of :MiIllOSil.. 

Light exerts a powerful influence on most vege­
table tissues, and thero call be no doubt tlult it 
generally tends to check their growth. But when tho 
two sides of a lllant are illuminated in a slightly 
different degree, it does not necessarily follow that 
tho bending towards the illuminated side is cawsed by 
changes in the tissues of tho same nature as those 
which lead to incrensed growth in diUkness, "r e 
know at least that a part may bend from the light, 
and yet its growth may not be favoured by light. 
This is the case with tho rw:licles of Simtpis alba, which 
are plainly apheliotropic; nevertheless, they grow 
quicker in darkness than in light.- So it is with 
maDY acriul roots, accordillg to "'iesner it but there 
arc other opposed cases. It appears, therefore, that 
light doos not determine the growth of apheliotropic 
parts ill any uniform manner. 

We should bear in mind that tho power of bending 
to tho light is highly beneficial to most plants. There 
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is ther('fore no improoobility in thill [)OI'!"Cr hlwing been 
SIMX'illlly Required. In severo] respects light seems to 
tlct 011 plauts in nearly the SlIme Iilllllner as it does 
un tlUillll\11I by mellns of the nervolls system.- With 
seedlings the effect, Ill! 11"0 htwe just sccn, is trollS­
mittetl from ono part to another. All animal may be 
excited to move by i\ ycry smtlll amount of light; ami 
it has bc<on shown thnt a difference in the illumination 
of tho two sides of the cotylC'dol\s of Phll iaris, which 
could not be distinguished by the hllman eye, sufficed 
to canse them to bend. It h88 also been sho\\n that 
there is no eloso parnllelism between tho IImou nt of 
light which /lets on Il. plant and its degreo of mum­
ture; it was imleed hardly p088ible to pcrcf'ivc 1I1l~. 

difl .... renoo in the eurnltureof somescedlings of Phll iaris 
exposed to 0. light, which, thongh tlim, was ,·cry much 
brighter 'hllll that to which others hlld been f'xIXlse<i. 
Tho retina, lifter being stimulated by flo bright light, 
feels tho cfleet for some timo; nnd Il halaris continued 
to bend for l1cllrly hl\ lf an hour towards the side which 
had beell illuminllted. Tho relin'" ClI lIlIOt percein· 
II ,1im light nftf'r it hilS been exposc..l to 1\ bri~ht one; 
8ml plnnts lIhich hnd been kept ill the daylight 
during the pl"(" 'iolls (illY Bnd momiufL', did not mo'-e 
90 Il0011 t()lmros lin obscure lllteml light 1\11 did otheI"'< 
whi('h hlld been kept in complete l!lIrknC88. 

E n"·ll if light does IIct in 811eh 1\ manner all tIle 
growing pllrt8 of plllnts lIS always to excito in thC'm 
II tcm!clIcy to bend towllrds tllO lIloro illllminated 
siu.e-a 811pposition contrad icted by the forego ing 
experiments 011 seedlings lind by IIll apheJiotropic 
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organs-yet the tendency differs greatly in different 
species, and is yariable in degrM in tho individuals of 
the same species, as may be seen in almost any pot 
of seedlings of a long cultimted plaut.- There is 
therefore a basis for the modification of this tendency 
to almost finy beneficial extent., '1'l1at it has been 
mooified, wo ~oo in many cases: tints, it is of morc 
importfince for insectivorous plants to place their 
leaves in tho best. posiiioll for catelling insects than 
to turn their leaves to the light, and they hnyc 
110 sllch power. If the stems of twining plants were 
to bend towards the light, they would often be unlWn 
awny from their supports; find Il.'I wo have soon they 
do not thus bend. As the stems of most other phl.llts 
are heliotropic, wo may feel almost sure tllat twining 
plunts, which aro distributed throughout the whole 
vascnlar series, 11Iwe lost Ii power that their nOIl­
climbing progenitors posgesscd. Moreover, with 1po­
moon, and probably aU other twiners, the stem of the 
young plant, before it begins to twine, is highly helio­
tropic, e,·idently in order to exposo the cotyledons or 
the first true leaves fully to the light.. With the II'), the 
stems of seedlings are moderately heliotropic, whilst 
those of the sallie plants wilen grown a little older 

• St,.".burg,'rhu@),ol'O"niohis thclight. Someindi'.""i,luab.moro. 
interesting work ('Wir];un j/; dfl6 orer,appe...rto be'ndifferentto 
l.ichte.! ... allfSehwi.nnsp<lriln; the light;.",d IhOl!eo(,lilferc"t 
1878), thBt tbo lUorom~nt of Ihe ~rooil'l behave ,·ery ~ifferonlly. 
~"'Qtn"'lroHlII of ,·a,ioUJ ]o,,·ly '1'100 hr4;"M~r tile l,ght, the 
orga.niocd pllllllll to a la1cul light .tmi::htcr I. their oou,..." They 
I. illfluencod by Iheir .ago of edoibil~lao (u. a .hort tlmo tho 
de1'dol'lUcnt, by tile temf>\'mtllro afteM'ffectl of light. In ~\J the..:l 
to wbi,b they are ~uhjootrd, by rea]l<'cta they re~",blc the higher 

~~l~i'~~~:Y 't1\!~U~'I'la~~~,n~~~ 5~~n~iun~' S!~\,7dl~~I, ~u~c:li: 
hy other unknown caUifCfl; 110 that Dcwep;u"p.crschcinun~" der 
the ,worm·lpo"" of the I!IOme Schwarm.poren' Verh. <I. phyl.­
~peMe. I!'RY move IlCro8/I the field med. Geoel ... halfi ill Wiinbu".;. 
of the Illleroecopeeiihcrio or from lJ.xii.18i8. 
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ure apheHotropie. Some tendrils which collsist of 
modified leo.ves-orgalls in nil ordinary cases strougly 
diaheliotropie- hal'e been rendered apheliotropic, and 
their tips crawl into any dark crevice. 

E"en in the Cll8e of ordinury heliotropic movements, 
it is IlflrUly credible that they result directly from 
the action of the light, without any speeilll adapto.tion. 
'Ve may illustrate whllt we nW1I1l by the hygroscopic 
movements of plants: if the tisslles on ono side of IIIl 

organ permit of rapid cYaporntioll, they will dry 
quickly and contract, causing the pMt to bcud to this 
side. Now tho wonderfully complex movements of 
the pollinia of Orchis p!Jramidalis, by which they elllSP 
the proboscis of a moth and afterwards change their 
position for the sake of depositing the l)()llen-mas8es 
on the llouble stigma-or ugain the twisting moye­
ments, by which certain seeds bmy themselves in 
the ground --follow from the manller of drying of 
the parts in question; yet no one will suppose tbftt 
these results bo.ye been gluned without speeialadaptll­
t ion. Similnrly, we ftre led to beliel'e in adnptfttion 
when we see the hypocotyl ofo. seedling, which contains 
chlorophyll, bending to tho light; for although it thus 
receives less light, being now shaded by its Oll"n coty­
ledolls, it places them-the more importftllt organs-in 
the best l)()sition to he fully illumillfttcd. 'f he hypo­
cotyl Illny thereforo be said to sacrifiee itself for the 
good of the cotyledons, or mther of tho whole plant. 
But if it 00 prm'ented from bending, ftS must some­
times oocur with seedlings springing up in an en­
tangled mass of YcgctfttiOll, the cotyledons themseh-es 
bend so as to face the light; tho ouo furthest off rising 

• }<'rnnei. nFlr"dn, 'On lhe l ly_ action. Linn. Soc.,' BeriNii. vol. I. 
gl"OilOOpiclk-cllllllism:&c., ·'l'ro.tu- ,>.149,1876. 
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lip, fwd that uenrest to the light sinking down, or 
buth twisting laterally.- "Te nuty, also, suspect that 
the extreme sensitiveness to light of the upper part 
of the sheilth-like cotyledons of the Graminere, and 
their power of transmitting its ell'ects io tho lowel" 
part, are specialised ufmngemcnts for finding the 
shortest path to the light.. With plants growing on 
a oonk, or tilroll'u prostmte by the wind, the manner 
in which the leaves moye, eyen rotnting on their own 
nxes, so that tlICir upper surfitces may be again directcd 
to the light, is a striking phenomenon. Such facts 
nre rendered more striking when we remember that 
too intense 1\ light injures the chlorophyll, and thnt 
the leaflcts of several LeguminoSft) when thus exposed. 
bend upwnrds and present their edges to the SUll, thus 
escaping injury. On the other hand, the leaflets of 
A\"errhoo nnd Oxalis, when similarly cxposcd, bend 
downwards. 

It was shown in the lust chapter that heliotropism 
is n modified form of circIIlllnutution; and liS every 
growing part of e"cry plunt circllmnutates more or less, 
we call understnnd how it is tllllt the power of bending­
to the light lw. been acquired by such a multitude 
of plants throughout the vegetable kingdom. 'l'he 
mIHmer in which a circnmnutating movement-that 
is, one consisting of a succession of irregular cllipses 
or loops-is gmdually converted illto t\ rectilinear 
course towards the light, has been already explnilled. 
First, we have a. succession of ellipses with their 
longer axes directed tmn\rds the light, each of which 

• Wieome. h ... made remnrkltn t,...,t/l<l from D. bulL (1878). 
nea.ly the 8/lm6clfect willi """pret Silh. ,Ie. k. Aknd. der Wig;oemlcb, 
tolrflvel; 'DieundullnndeNu. Wieo. 
lillieu dcr I nkmodion: p. IJ. ex-
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is described nearer and nearer to its 801If('e; thcn the 
loops arc drawn out into a strongly prollouneed zigzag 
linc, with here and there a smnll loop still fonnal. 
_\.t the same time that the movement towards the light 
is increased in extent and aecclerotal, that in the 
opposite direction is lessenal and ret!lrdcd, lind at last 
stopped. 'l 'he zigzag mOl'emcnt to either side is 
likclI'iso gradually lessclled, so that fina ll y the course 
becomes rectil inenr. 'l 'hns under tho stimulus of a 
fdirly bright light tllere is no useless expenditure of 
foree . 

• -\s with plants el-ery character is more or less 
l'ariable, there seems to be no grellt dinicnlty in be­
licl'ing that their circumnutnting mOl'ements may 
have bam increased or modifial in FlUY beneficial 
manner by the presen'ation of vary ing illd ividllals. 
The inhcritnnce of habitual mOl-cments is a necessary 
contingent for this process of sclcction, or the S1ltviml 
of thc fittCfit; lind we have seen good f('l\SOn to belicve 
tbnt habitual movements ate inherited by plants. I n 
the case of tllining species the cireulllllutating Illoye­
ments have been increased in amplitude Bnd rendered 
more cilX'uIar; the stimilins being here an intemal 
or inllllto one. With sleeping plants the movements 
have been incren..sed in amplitude and often changed 
ill direction; and here the stimulus is the oltemation 
of Ii~ht and dnrkllcss, aided, bowel-er, by inheritance. 
111 tbe C!lSO or heliotropism, the stimulus is the unequal 
illumination of the two sides of the plont, and this 
determines, n..s in the rorcgoing eases, the modifieu­
tion of thoeircumllutating lllOl'ement in 811eh il mallner 
thllt lhe organ oonds to the light.. A phmt which 
hIlS been rendered heliotropic by the llool'e means, 
might reAdily lose this tendency, judging ftom the 
cases already gi,-en, as soon as it became useless or 
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injurious. A species which hus ceased to be helio­
tropic might also be rendered apheliotropic by the 
presermtion of the individuals which tended to ciT­
cumnutate (though the cause of this and most other 
yario.tiolls is unknown) in II- direction moro or less 
opposed to that whence the light proceeded. In like 
manner a plaut might be rendered diaheliotropic. 

Rl The Complete Work of Charles Darwin Onl;ne 
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CHAPTER x. 
M OP!P1lD CIlIOUJllf1ITATIOlr: M O"J;JIL'<TI UQITliO U (;U.I·IT~TIOl<. 

Mea!ll or oo.erVlltion-Apogeotropl.m-Cylll_' ·erbeoa-Beta_ 
Gradualoonyen,.ionoflhe 'lM,Iye ... "ulofeireuwuult.lioll intoapogoo­
lI'op~" In U"bus, Lilill"" I'hatari.,A'I'ena.alHl U,..,.l_Apogoo­
lNpi.l;m I't'l&rded by heliolropi..n-Etroloelcd by lbe a;(1 of jvinu 
or Iluhlnl-lIO'l'cment.l; of 1l0 ... er- pMuncl,·, of Oul'-General 
",nlllr"- on .~ropi~IlI-000trollioiOl_MoYl'[QCut.l of railid_ 
Iluryingof_I-car-ut-UlMloCp_Tdfoll"'"IUbUlrr1l.Itum 
-AracbIa-Amphioo'l*&-D;"goolrol>~II-C<NX:I~on. 

OUH object in the present chapter is to shOll that 
geotropism, apogeotrop islll, find dingcolropisllI fite mo­
dified forms of cirClIllllllltat ion. Extremely fine fila­
ments of g IH88, bearing two minute triangles of paper, 
were fixed to tbe summits of young 8tems, frequently 
to the hyt>OCQtyls of I!Ci!dlings, to f1ower-poollnd('S, 
ralli{'le!!, &('., aud the mO"ements of the l)l\rts were 
tl\ell tmced ill the manuer alr'(.wly de&'ribt!d on 
h~rtiC4i and horizontal glass-piatCl'l. It should be 
remembered that as the stems or other parts bel'ome 
mure Ilnd more oblique with respect to the g lasses, the 
figures trnced on them necessarily ix-{,OIlW Illore and 
more magnified. 'f ho p lullts were prote{'lcd from light, 
ex{'epting whilst each obsen 'lltion was being nmde, and 
tllCn the light, which was always Il dim one, was 
allowC(1 to enter 80 as to interfere fI.8 little as possible 
lIith the movement ill progress ; and we ditiliot detect 
lUI" e,-idell{'e of such interference. 

'''hen obsen -ing the gradations betl\ecn droumnu-
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w.tioll and heliotropism, we had the grCIlt advantage of 
being nble to le88C1I the light; but ,lith geotropism 
allalogous experiments were of courso impossible. 
"'0 could, howen>r, ohsen'c the movements of stems 
J>lac~l at first only Illitile from the perpendicnll1r, in 
which case geotropisllL did not act "ith Ilenrly so mllch 
power, as when the stems were horizOIlial and at right 
IIlIgl.:>s to the force. rlants., abo, were selected which 
were but feebly geotropic or nlXJgeotrupic, or hnd 
becomo so from Illlving grown nuher old, .Another 
plllll WfiS to ph\Ce the stems at first so that they poinied 
30 or 40 degrees bellellth the horizon, and then ape>­
geotropism had s grellt alllount of work to do beforo 
the stem was rendered uprigbt; sud ill this case 
ordiuary CUcumllutution wns oftt'n not wholly oblite­
rated. Another plull Wll!! to obsern.l in the evening 
plllllts which durin~ the Jlly hod boc'()lllo greatly 
curved heliotropiclilly; fUl' their stems ml(ier the gm­

duallywanillg light ,'cry slowly became uprigllt through 
the action of tllXlgootropislll; nnd in thi.s case mo<lified 
circUIIUlntntiou WIUl sometimes well displRyed. 

~Jl'O']ftItn:>piml.-Plants w<'re 8Clet'too for obrlen'alion almost 
by chauct', eJ:ooptin~ that they well,l tak<'n from widely diH'er<'llt 
fllmilies. If the stcm of a plant which i.8 (lI'cn moderately 
8Cusith'e to apogootropisUi be placed horizontlllly, the uPllCf 
growing part bcnd8 quickly UPWllnh, so A.8 to bcoome pcrpcn­
dieulU'j IlDd the line traced by joining the dots 811CCCS1:!h'ely 
made on a glw;a-plate, i.8 generally almOlt straight. For in­
stallOO,a young Cyt~/I'OfJN".,12 inches in height, WI.Ii lllacOO 
80 that the stem )lrojeetoo 10" beneath the hori:wn, and its 
OOUrf!O wall tmood during 72 h, At first it bent a ,'ery little 
dOll'll~'fl.nls (Fig, 182), owing no doubt to the II'cight of the 
atem, all this occurred with mOlit of tha othar ]llo.nt.8 obl!crvtxl, 
though,!III they II'creotcoul'8CcireUlllnutnting, the short doll'u­
wanl linC8 wcre often oblique. After throo-qul1rtel'3 of au hour 
the /Item bego.n to cuna uJl~'ardll, quickly during the fint 1111'0 
hoW'll, but much more alowly during the afternoon and nighl, 

(C) Th Com Ie e Wo f h rl S -'lr I lin" 
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&od on Ihe following day. Dnring tbe ICOOnd nigbt it fell 
Ii IWlt, .nd eireuulDutaled 
during Ihe follo~'iDg day; butit 
all\O 1Il()\'C(la 'hurt distance to 
the righi, which WlloH Clmsed by 
nlitllelight hllviugbeeuoo­
eidentally admitted Oil thisllidc. 
The litem WIUI now illc1inoo 
00 aoo"o Ihe horizon, and had 
thereforeriscn70o. Withtilllo 
anov,cd il ~'ould proooblyiu,,"o 
become upright, wId no doubt 
~'Ould 1111.1'6 colltinual circtun­
nutating. Tho solo remarkablo 
fClllure in the figure hero given 
is thelilraighlnCJ118 oC thoconI'llfl 
(lul'IJueo:\, The stem, howen:r, 
diel not move III)WIUds at aD 
equable rate, alld it 1IOI11ctinu.-e 
stood allllOflt or quila still, 
Such Ileri()(ls proooblyrepresclit 
atteln])ts to cirellUluutnta ill 0. 

dil'('(!tion oPIKlflit6 to apos60-
tropislD, 

1'h6 hcrOOoooIlJl stem of a 
l'trWlla mdindru (1) laid hori­
WDIII.Uy,1"OIJO in 71L 110 much 
thai it could 110 longer be 
ol)6CI"\'oo on the vertical gi!IIi8 
which ,toad ill fn'ld of the plant. 
The long liue which 1I'M traced 
WIUI 1lllll000t absolutely straight. 
After tho7 h. it stilloontinued 

f 

J 

fi t .182./ 

IV" 
I 

/ 

to rise Lut now cireumnutaled C,l/j'M'I"lIJrYJ"".'oogfllttoliornQ'· .... 
8Iightl;. On tho following day ~D!~,.:U~'~r~':::. :~":D:,~t~_t~~ 
it stood ,tpl'igM, ILnd circum- tiul 'I ..... from 8.:10 A.III. l!a"h 
Ilutatc<i regularly, lUI shown in 12thtOl~.30 I' .• ' 1:1111. Th • • ulr 

!;::~t:;: ¥~:n st!~ t1~; !~~ E:1~f:.~~~t~:~E::~~~~! 
ot1ler Illant' which Wf're highly .... p.--Qled, '" uul, by • b .... kIW 

~~i:~n::=~7~!:,::: ~~~:~1;Lit'::1:::t~:-!: 
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then ~llddenl,. began to circuIl1nutatc. A Pl'rtialty etiolated 
and somewhat old hypocotyl 
of a soodling cabba),"C (21 
inches ill height) WIUI 80 

scusiti'l'e Ihat wIlen pll1('(l(i 
at an angle of only 230 from 
theperpelldicnlar,it oocamo 
,.ertical il133minllles. AI 
it rou](i not have been 
~Irongly ACted upon by 
R~"f'Ot1'Q]1i~m in tIle nbo'l'o 
sliglitly inclined position, 
we expcx:\e<i that it 1T0ul<I 
ha,,, circmnnutatcd, or at 
lCflllt lun-e moved in a zig­
zag e()Urf!C. Accordingly, 
dOh! were mMO e'I'C-ry 3 
minulefl; hut, ",'hen thelle 
were joinee:l, the line wn~ 

nC!\r!y etmight. After tiliR 
llypocolyl hnd become up­
rigiltitl;ti!lmovedouwards 
forhalfnnhourintheAAme 

I g('lJ(!ml direction, but in a 

I 
zigYAg mtlnner. During the 
IInC!'e('(ling 9 h. it cirt'UlU­
nulated regularly, and dc­
scribedSlargeel!ipsea.. I n 
this CIUlO npogootropism, 
nltllOllgh ncling ut n w~ 

,
• lmfavoumbl0 Bugle, quite 

(l'fCI'C31l10 tile ordinary eir-

1 Cll;:~lt:~i;!,~;~~~njJdO 
•. ~, .... ~~~ ;:';;::::O~:~I.Y ~:~: 
8~~~~l $~P.!!~~~~:;~ :;!::!hW:h~II~~i~O~~i~ ~!l 

eirtumnuu.tion, tMlCod (m. ~erllcftl at first 8. vory little (BOO 

;~!!~~~~E~lr~~~t~rO~;:;i~£ ~~tsl:gl~t~ ~~I~~ ~tW~~ 
oe~l~. circwnnutating the line Will! 
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obli'lue. DUring the next 3 h. 8 m. it l'QIJ8 in a nearly straight 
line, ru-ing through an angle of 1000, and then (at 12.:1 P.III.) 
lltood upright. It oontinued for 53 m. to move in the t;;IlIlle 
~ene ... 1 direetion beyond the perpendicular, but in a dgug 
coune. It returned alllO in a zigzag line, and then cireumnu­
tatoo. regularly, deecribing throe large ellipee. during the 
fClIlainderof the day. It should beobl!enoo that lhe e1lipses 
inthieilgllfOareemggemtcdin 1Ii7.e,rolatively to tho length of 
the upwilid straight litle, owing to the positiOn of the verticol 
ami Jlorizontal giM8-plntes. Anotll1lfan<iSOIll(lwhatoid hypo­
ootyl WRIJ placed so all tolltand at only in a from the perpen­
dicular, ill which JXIIIition apogootropi.sm actod on it witlilitu~ 
foroo, and itilOOlll'lMloooordinglywalislightlY'1.ig-ZAg. 

The sheath-like ootyledolls of Pl,ol·,ri, CakR'"",''' are e:t­
tremel,. 8Clmtive to apogeotropism. One "' .. placed ItO III! to 
project 40" beneaUI the horizon. Although it Will! ralher old 
and 1'3 inch in height, it became vertical in 4. h. 00 Ill., ha\ilJ~ 
1-00 throllJ1h an uogleof I3QO in a nearly slraight line. It then 
suddenly bcg1In to eirclllllnntato in the ol\Unllly mauller. Th~ 
ootyledollllof this plant,alterthefil'8t leaf has befpm to pro­
trude, are but alightly apogeQtropitl, tllonfl;h thoy atill oontinue 
to eir(':umnninte. OliO at this stago o( dcvelopment was placed 
hori1.Ontally, lind did not become upright en,1l after 18 h., lind itll 
OOUI'IMI \\'88 slightly zigzag. So, again, a. rather old hypocotyl 
of CIUlla tOrfl (It inch in height) reqllired 28 h. to becolDO up­
right, and ita OOIlI'lMl "'III! distinctly zigzag; whilstyonnger hypo­
ootylJJ moved milch more quickly and in II netrly !lraight line. 

When II hOrizontally placed stem or other organ rises in a 
'l;ig7~'Ig line, ",e may infer from tbe many <:asoeIJ given in Ollr 
I'revioUli dlllrtera, that we bave a modilictl (oml of circumnll­
llllion; bllt when tbo OOUfI!(! ill straight, there ia no evidence 
of cir(':nmnlltation, and anyone migbt maintain that this latter 
IliO\'cment lut.d boon replacod. by one of u. wholly di,tinct kind. 
This view 8MID8 tbe more probahle when (8011 IIOmctimCl! 
oc.corred with tho hypocotylBof llra&!ieannd llow., tho SteIllll of 
Cucnrhita, and the ootyledons ofPhulari') tho I'arl in qucatiou. 
afler bending up in astraigbt oonI'8C, suddenly begina to circum_ 
nlltata to the full elient and in the uSlln! mallll(:r. A fairly 
good inatalloo of a sudden change of tllia kind-that iB, from II 
nearly amight UpWl\ru movement to ouo of tlircllllll,lutation­
is ~()Wn ill Fig. 188; hut more striking illlltauceIJ were occa­
~iona1ly o"'rvoo with Beta, Braasica, and Phalaria. 

We vdll DQW de8Cribe a few ca&e8 in wh.ich it may be 

2.1i 
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~CCIlIH)Wgra.dually cireumnutatiou beoom6llchan~ iulo.~ 

i 
i 

tropism,nuder cireumgtanOill to be llpeeifled 
H;.lM iuoochilllltnuoo. 

\ 

Ilublu i<kI.>m (hybrid).-A young plant, 11 

. ~ ::~~:~~:;;i~l~~dg~:i~:~;~ I:~v:;::~~a:! 
... traced during nearly 70 h.; hut tho plAut, 

-~. :: though growing '-igorously, WM not highly 
..,...! 8I'llIIitivo to apogootropislll, or it ""ILl! not 

\~f? -: ~ cal)abie of quick mon'ment, for during tho 

<C !:~ ~1':T~i~~:;lt (r;:. ~~ ~~:t ~:iI:~nrh::!~ 
\ 

... CO day or 12h. it roao in II Henrly ~tr&ight liue. , i,~ When 11lo.ceJ hori:wlltaliy. it was evidently 
.. = cireumnulating, for it fOlIO a~ fint n little, 

notwithstanding tbe "'oi,;:ht of lhoo;tcm, and 
~i then aauk dO>m; 110 tlid it did not IItart on 

) 
•. ~ g ita pcrnmncntly upward 00111"&0 until 1 h. 

E 1 2.) Ill. had olap!lCd. On the 8000nd day, by 

~ 
"" which time it had risen oonsiderably, and 
g t when >I]logootropismMtodOIi it withllOlllowhat 

1 ~ ~~~=wa~~;li~l;o'::o~u;~:~~~a~~ :~:~::IIl; 
f ~_:C ___ ~~"._ "'t,""'t 6!(llabt Ie. During tb~ third ~.y, allIO 

": _ of I I., W len apotootroplSlll act ...... on it 
with stillleBII power, tho litem plainly circum-

i; ~~~~' :O~~~~:~n~~::::~h~ ~~~: I!~:n~ 
~ ~ 4 to tho right. Bill tho OOlll1lO ,.,'IUIIIO complex 
,,-'" tllRtitcollld hardly be tm .. 'Ol! Oil the gllWl. 
~,~~ Wo can, however, see tlilit the lIucccssivcly 

;:; formod irrt"gullU' ellipIICI roeo higher and 
~~ Ilightr. Apogootropism oontiuuoo to act on 
~ "! tho rOllrth morning, &II the @iem was stili 

i~ :;;!~~~~. itl:07h~~':~~I~:~~et~ 
e - atagCII may be followed by which an almOBt 

rectiliU(IH, npward, apogootropic OOUr86 fil'llt 
booomcil l.i!;zag, and thon Cllllllb'Cl> into a 
circulllllutatillg movement,with lIl08tofthe 
aUcee88il'oly formoo,irrogula.rellip8elldireckd 
IIJlWarda. 

Willi" lll.ralllm.-A plnnt ~ im;h08 ill hdgbl 'l'."as Iliaccd 
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horizontally,aud tho upper )lIlrt ol tho litcm I'I)IOI}8D in 46 h., 
in the manner silol\"u in the aooom· 
)J8.llying diagram (Fig. 185). We here Hg. I~. 

I!OOthatduringlhewholeollhe ~' 

=:~I~~~~~I~i~t~~d~~~~I;:~~~ ".,,' y through apogeotropi8lll. It had still 
to rise oousidcrably, lor when tholllSt 
dot in tho IIgure was madc, it stood 
8'2~fromanUI)rightposili<)lI. 

PhuJar~ (.'aNarit-u ... -A cotyledon 
of tbia plant(I·S inch hi height) h ... 
already been d&!eribod &8 rising ill 
.. h.OO m. from. 4{)O benooth the hori· 
ZOIl inlo a ,·crticai position, JlIl88ing 
through all angle or 130" in a ne:uly 
Glraigbt line, Poud then abruptly be-
ginning to cireumllutnte. Another 
IIOmowhnt old OOlylooon of Ihe same 
height (but from which a truo leaf 
had not yet protruded), W/lS similarly 
placed Rot4.O" bcllen.ththchorizon. For 
the IInt4h. itl'OJ!eill a noorlYlitrnight 
oourse (Fig.lOO), 110 that by UOP.x. 
it wall highly incliuoo,nnd nowapo­
geotropism a.ctod 011 it with much leu 
power than before, aud it began 10 
zigzag. At4.15 ".lI. (I.e.. in 7 h. from 
the oommcncell\cnt) itetood verticall;r, 
and afterward. continned to cireum· 
nutate in the UJ!ual tnanllcrabout the 
so.mn spot. Ilere then we have a 
gmduI\lcd change from 11 straight up-
ward a~'OOtropic course into circum· MilK"" "III"{I/U"': .poge.:.-

~u~~~~, ;:r~~ !e~n abrUl
)!. chnngc, ~;, ~:::;:~iC:!D~i~ 

LI_a ,"I.m.-The ijheath·hke cob"- nlgb'a, {tom 10.40 ... 11. 
ledona,whilllt),oung,areBironglyapo- 11.000b 18\h t.o 8 ..... . 
geotropic· and eome which ",·ere placed 20th. ¥I' ...... reduCfti,,, 
at (fj~ be~th the bori7.on 1"066 90" in :.~alf or the ori' ..... 1 
7 or 8 h. ill linea almOlit absoilltely 
straight.. An oldisb cotyledon, from which the fiNt leaf OOgil.n to 

2 K 2 
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fl
t~"I86' ./7 ~71~:~::!'~~~~1:~ 

41Jp-m / atlO"bclH ... ththohorizon, 
~ and it I'OIJQ only 59" in = 2J h. Jt behaved ralher 

i.' ~::~~:!!~:; ~Yu:t~~~ 

'\ 

d,,;,. Ih' fi~I 41 ~;I 
J'OIICin a lille not fllrfrom 
lilraight; duringthonel.t 
Ii! h. it eiroumnutated, 
018t ill, it dCllOOnded and 

no Jun. :::g\y "::r~~ ~~za: 
oourse; it then resumed 
its UI)\Irllrd movement in 

\ 

a modoratcly@tn.ightline, 

\ 

~1~ddo~'~~\~I~~~ :~~:w~ 
como'lllli!\,lll In thi@ 
caso.afier thoflnt 41 h., 
ordinary eiroumnutatiou 
alIDOllt oompletely oon, 
quered foratirooap<:l£OO­
tropism. 

BrQ4,m, cJ~_.-The 
\lypoootyla of ~veral 

( 

youllg soodlings placed 
hori~ontally, I'OIIQ up ver' 
iicallyintheooUl'll6ofG 
or 7 h. in nearly straight 
lillQlj. A tcedling whieh 
had grown in darknC8j to 
a \leightof2t inehefl,llDd 
'Wall therefore rather old 
and not highlyaensitiv(l, 

' ·P)',m. w", pI"'" .. Ih.I Ih' 
I'~"I~";I C~ ............. : allOli'olrol,ic move- hypooolyl projootOOllt ho-

",.,0\ ofcolrled~ ... t"''*' oa anrt;e.i tween8O"and4O"benesth 

~~t~:~~~~~:;;~~:reSe: ~ h.~~=~=e= 
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uP"'III'(18,lImil'OllO during the tirst S h. 10 m. in a nee.r118traight 
line (}'ig. 187); bu~ it was nol 
poIIIlible to trace the upward move- .".IH7. 
ment on U,e vertical gM for the 
firs\ 1 h. 10 m., flO that the Doorly 
straight line in the diagram ought 
to h""e boon much longer. During 
the next 11 h. the hypocolyl circum­
nutated,dCIICribingirregularfigunl6, 
each of which roee a little above 
the ODC llreviOU8ly formed. During 
tho night lind following early mom. 
ing it ooDlinuod to rise in II zig7..&g 
OOUr8Il, 10 that apogootrollisrn was 
still acting. Atthec1oeeofourob­
.l!erTatioM, after Z3 b. (represented 
by the highMt dot in the diagram) 
the hypoootyl wMstill3'2" from 
the perpolldicular. There can be 
little doubt that it wonld DIU· 
mah31y havc become upright by 
dcacribing an additional number 
of irrq;ullif Cllil)ll68, one above the 
other . 
.A~,..opi6m rewnltd by lId;o­

trop"_. - When the stem of any 
plant ben<l8 during the day towanls 
II lateral light, the mo,'ement is 
oppolccl by apogeotropisrn; but as 
the light gradually wanes in the 
cvening the latter power 81.owly 
gains thc upper hand, aud draws B ...... oImJcMJ, .pogHt .... p;C 

~it~~~l l~k t1~:~o :0 ~~:!ea~ ~~::.:~;I~ o:~:F::;.;.~!~ 
good OPllOrtulIity rOfobserving how 151h. hi upJHl r ]>1.1 of Ih~ 

:=1:1~~;1~::r a~h~~~:~ ~£~~r:r~:~:~~~:o~: 
:re;:",~:~ns:J~ ~~/:o=~ ~.r:!~.~~~f~!~:~ .1;:~ 
;"~i!~fj{i:;'~V~ ~:~l;h~~ ~"or~::'1 ~t. he-third of 

line until 6.la P.lI., it then retumct.l on ita COUlIMl until 
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10.40 I'.M., during which time it ZigZRggOO Rnd (leseribed RU 
e!lipseof oonsidemblesize. 'fhehypoootyl of Brut!Sica&""CfJa 
(!lee former Fig. 173) moved in a straight line to the light ulltil 
5.15 P.lI., Rnd then from tho light, making in ils backward 
course n great rectaugulRrbend,and then returrlcdfor II. short 
distance towards tho former sourooof the light; no obserm­
tions were made after 7.10 P.lII., 1>lIt during the night it re­
co,end its vertical JXlSiiion. A hypooolyl of Ca&.iIl tora moved 
in the evellingin a somowhnt 7.ig7.8.g line towards the failing 
light until 6 1'.»., BUd WIIS IIOW bowed 200 from tho JlCrpCIldi­
('ulllr; it then returned on its course, maKing before 10.30 P.lI. 

fOllr great, nearly roolangu.lar bcndll and almost colllpletiog an 
ellipse. Se"eral other analogolls CI\8eS were casually observed, 
lind illa11 of them tho flpogootrepie movement collid be seen to 
collsistofmodiftedeircnmnlltntiou . 

.AfJO'Jrotrop~ NiWfinfflh effuttd by tl.e aid cl join/& (n" 1",'vini. 
-Uovementa of this kind are well known to occur in the 
GmminCll), and are effected by moons of the thickened bases 
of their sheRthing leaves: the stem within being in this part 
thinner than ehlowhere.- Acoording to tho analogy of all other 
pnlviui, Bneh joints ought 10 cOlltillllO eircumnutating for a 
long period, after the !!.djoiui!)g ]>arts luwe ceased to grow. Wo 
therefore wished 10 lIIlCertllin whether j}IIS WII.8 the case with 
the GraminCfej for if so,the Ilpward eurvatureoflheir stems, 
when extcnded horizonta!ly or laid pl"OI!trate, would be elplRil)OO 
in acoordll.noo with our view-namely, tlmt apogeotropism 
results from modified circumnutatiOIl. ,\fter these joints ha,'O 
euryod upwards, they are fix(.Q. in their new poB.itioll by increased 
growth along their lower IridCl!. 

L&ium pn"ef,"".~.-A youug stem, 7 inehCll in height, con!!ist­
ing of a internodes, with tl10 f1ower·head. nl>t yet protrud(.Q., 
Willi selected for observation. A long and very thin gli1Sl1 fila­
ment WII8 .cemented horizontll.lly to the stem clore llbove the 
second joint, 8 iuehes abo,e the ground. This joint WIIS subse­
quently proved to be in an active condition, 118 its lower side 
swolled much throngh tho ROtion of npogeotropism (in the 
mnnner described by Do Yri(8) after the haulm had been 
fastened down for 24 h. in a horizontal JXlSitioll. The pot was 

- T hi8 8\rudurc !lu ~n TO- die ~urrielltung deB gel&gerten 
0elltly delKTibed by De Vtie8 in Geireld(l;l,' in • LlIldwortl",,,haf\. 
an illtere8ting IUticie, 'Ueber IicLe J nLrhiichcr,' I&SO,p.-I7t\. 
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IJO 111_1 that tho end of tho filament stood beueath tltl! 2-illeh 
object gll\lllJ of II. miel'08OOpo with ILlI eYO>I)iooo micrometer, cae]1 
diviaionofwhichequnllooriw0fanineh. '1'ho elld of the filll.­
mont WM re)lCIl.tedly oblcrvoo during 6 h., and WM soon to hu 
in oonstnlltmovemont; and itel()lll!l)d5divi8ionaoflhomicro­
lIIoti:'r (m inch) in 2 h. OecMionally it mo1'OO forwards br 
jerks, lOme of \fhich were nIn inch in length, and then slo""lr 
retreatoo II. little, afterwards again jerkiug forwarda. These 
oaeillatious ""ere exactly like thoee dcacribed under Braaiea 
aDd Diollle8, but they oceurffld only ooca&ioDlloily. We 1D.'l~' 
thcreforeooneludothatthi81l10<iC'ratelyoldjointwlUlOOlItinUll.lly 
cirenlllnntalingonaBmall!lC1llo. 

A101W',r",. prakn,i,.-A young plant, 11 iuches in il(light, witlI 
thofiowcr-1J{lIld protruded,butwith tho florets not yetcxllflnded, 
had a glass filamcnt liJ:ed elOlle abo1'O the &oooudjoint, at a 
hC'ip:1it of only 2 inches above the ground. Thc baa] internode, 
2 incm. in length, WM ~menleo:l 10 a Btick to 11reven\ auy 
p,.bililyof ita cireumnntating. Tho a:i:remily of thofilruIlent, 
which I'rojtlclod about 5O~ abo\'c tho horizon, \('1\Il often obaen-o,;l 
during 2.1 h_ in thc I\IWIC manner lUI in tho hUit CIUlC. Whcnc'-er 
looked at,it "'-as al""ays in InO\'ement,and it c~ 3Odivisions 
of tho micrometer (lis inch) in 8j h.; but it Jj()rnctimCil moved 
lit a qnicker rate, for at ono timo it cro6l!ed5divisiOD.lllnH h. 
The pot had to be movodOOOllllioJally,as the end of tho fl.lrul1ent 
travelled beyond the field of vision; bnt M far III "'·c oould 
judge it follo .... ed duriop: tho daytime II ecmieireuJIIr conlllO; 
and it certainly tnl\"C'.lled io t .... o different diroctioDS at rigbt 
BlIglCII 10 ono another. n IOmetimei OIiCillated in tho l!IUlle 
lnanner lUI in thc last speeiee, IIOme of the jerks forwards being 
a8llluehll8~ofanineh. Welllaythereforeoonclmiethat 
thcjoint3intruB and the last species of Sl'IIIlIIlengoontillueto 
circlllnnutato; 80 that thill movement would be ready to be 
converted into an lI]XlS'COtrol'ic mo'-ewent, whenever the slEm 
W&S1)1a.ced in an inclintd or horizontal po!!ition. 

J/(I"""IIMllt. of tu Flowr-ptIIluru;k. c{ Omli. M",CJ«l, due to 
a~ropisnt and (](A" I_.-The moyemente of the lnain 
pedunclo, Md of tho three or four Rub-pedllnelOlJ which each 
nain peduncle of this I)lnnt beanI, are extremely compleJ:, aud 
are del.crrniuoo by several dietiuet causes.. Whilst tho lIo"'cl'8 
nre Clpanded, both kinds of peduncles circumnutat(! about thtl 
MIllC spot, all wo havo I!OOn (}'ig. 91) in tho rourth chapter . 
.Bnt lOOn afler the flowers Illlve begun 10 wHha the sub-
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peduncles bend dowmnuds, and tllia is dllo to cpinw:;ty j for 
on two occasions when pots were laid Ilori:l:ontal\y, the sub­
peduncles l18Sumed the same poeitioo relutiw"ly to the main 
peduncle, l1.li would IUJ.\·e been the case if they had. remained 
upright; that is, ooch of them fonned v,ilh it an angle of 
about 40"'. If they had been acted on by gootropism or al)holio­
t.ropism (for the plaut was illuminated from above), they would 
have directed themselves to the centre of the oorth. A main 
peduncle was secured to a stick in an upright position, and ono 
of the upright sub-poduncles which llad been observed circum­
nutating whilst tho flower Will! expanded, continued to do so for 
at least 21 h. after it hfld withered. It then began to bend 
dowllwards, nnd after 3G b. pointed a little beneath the hori1-on. 
A new figure WM nowbcglln(A, Fig.l88),alld the 8ub-peduncle 
was truced desceuding in a zigzag line from 1.20 P.)!. on Ihe 19th 
to 9 A.M. OU the 22nd. It now pointod alm06t perpeudicularly 
downwards, and the glass filament had to be removed and 
fastened trnns\'erscly OOroili the base of the yonng eR])Ilule. 
We expoclod tha.t the sub-pedullcle would ha,e been motionless 
in it.s new positiou; but it continued slowly to S1\'ing, like a 
JlOnduluUl, from side to 8ide, that is. in II plano at right angles 
to that in which it had dcsoended. This circuffinute.ting move­
ment WIloS ob.servcd from 9 A.M. on 22l\d to \J A.M. 2-lth, IloS shown 
at B in the dillgram. We were not !\blo to observe this par­
ticular 8ub-peduncle allY longer; but it would certainly have 
gone on circnmnutRting until the capl!ulo was noorly ripe (which 
roqnil'08 only a short time), and it would thou Ililvo 100,'ed 
UI)\vards. 

The upward movement (C, Fig. ISS) is effcctOO in part by the 
whole sub-,JO<!uncle ris ing in the same Ilillnner IloS it had. pre­
viously dCIICended through epilllloSly-namely, at the joint where 
united to the Ill.Ilin peduucle. All this upward mO"cment 
occurred with plRllts kept in the dark and in whatever JlOI!ition 
the IllHin peduncle W88 flloStened, it oould not have been caused 
by heliotropism or apogootropism, but by hyponasty. Besides 
this movement at the joint, there is ILnotherol a very different 
kind, for the sub-peduncle becomes upwardly bent in tho middle 
port. If tho IInb-podullC(O happens fit the lime 10 be inclined 
much downwards, the upward curvature is so groot that tho 
whole forms a hook. 'fhe upper cud booring tho CIIopl!ule, thull 
always pln.oos itself upright, and as this l CCUrII in darkn0S8, find 
in wha.te\·er poBitioll the IllHiu pedunclo may have been securcrl, 
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the upwArd curvature ca.nnot be due to heliotropism or llypo­
flMty, but to apogootropism. 

\ 
\" 
\ 

I 
~ 
\ 

Fig. ISS. 

Ozal;, _, monmeat. or8owu_loeda""I~,I.--I 0\1 ... enl.,.1 g'-: 
A, epi .... llc dow" • ..-" mOrtmul: !l., dl"(:llmOlllltioa ... Mln Mpe...t -
illt: r.rtl~.ny; C, au'-qlltulllp ... anl mon_1l1, d".lO opopolr-opima 
udhYJ>OIlNtyoo<pbiaed. 
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1n order to tml'f! this Up\lffiM movement,_ .. filament was fu:oo 
to n Buh-peo:lunclfl baring .. eAp!<ule nMrly ripf!, which wa.'< 
ilCginning io bend up"'llr.t~ hy the two means just dcecribcd. II!! 
OOUI'86 Willi traced (!!CO C, :Fig. 188) during 53 h., by which time 
itlumbocoroonoorlYllpright. ThooouIlI6iSIIOOniollC8trongly 
7.ig1.ag,togetberwithlJOlI1oliltieloop!!-. WOlUllythcreforeoon­
elude tllllt the movement oonllista of modified circumnutation. 

The IICveraispecie. of Onlis probably profit in the following 
manner hy their 8uh-perluneics fit1>t ""Dding dO'K"llwards and 
then UpwllnIS. They aro known to _tter their Icod~ by the 
hunting of the capsule; tho wlllls of which are 110 extremely 
thin, like sil.cr Pf'1M'r, that they would oa.sHy be permeated by 
roin. n ut as /lOOn 88 tho potn18 wither, tho fIOpel8 rise up nml 
onctOilO the young cnpsulo, forming a perfect roof over it lUI 
IOOIlIl.ll the sub-peduncle hllll bent itaelf d01l'lward$. By it!! 
subsequent up,,'ard mo,·cm('nt, tile capBulo stands ..-hen ripe 
at a greater hci~ht BOO,·C the ground by twieo tim Icngth of the 
sub-l>oounde, OIBO it did when dependent, aDd ill Ilms able 
to IICBItc.r iill ~ to a greatcr distanoo. Tho BepB!lI, which 
eudoeo the ovarium whilst it ill rowlg, present III additional 
adll.lltatioo by eXpBnrling widely when tho seeds aro ripe, so 11.8 

uot to interfere with thei r dispersal. In tho ell.8O of Omlu 
urtt(MI/II, tho car,gules are wid sometimes to hury themselves 
1111(ler 100I!e leaves or mOllll on thegrowld, but this cannot occur 
with Ih066 of O. <'Ilr~OI ',11.8 tho woody stcm ie too high. 

();mluu«ttJtella.-ThollCduDClesarofurniehoo with a joint ill 

~
F;'''''' .. / 

,,'" 
.... ~.. ,/ 

~ 
(iZIJ.1,',,,rtl_lIa,eollr .. v" .. utdb1theup~rJl"rtj}(.podu"d.,,..bil.1 

d.;lIg, tr&Oed from t 1 ".)1. J .. ~e lot t.o 11 ".JI. 3rd. .';gl1l"O h". ro-
,lllcod to o"t-brJf of th. on,l .... l_l •• 

Ihe middle, 80 that tho lo,,·er part llIllJWen to thenmin peduncle, 
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and the uPller part to one of the6ub-l)(l(luD~lel of I). e<ln>QIIIl. 

The "pPl'r part bends dOll'nll'ard$, aner the flower hlUl begun 
to wither, 1Ill(1 the ... 'bole peduncle then forms .. hook; that 
!hiB bencling i" due to epin8.!ltywe may infer from the CILI!(Iof 
O. rnrm .. , •. When the IlOd i~ nearly ripe, the tipper part 
IItrnighteos itself IIond becoruCl erect; amI thi.& is duc to hypo­
nasty or 1l11Oh'OOtropism, or both combined, and not to helio­
tropi~ru, for itoocurrod. in darkness. The short, hooked part of 
the pe<illllcie of 110 cicistogamic f1oIYer, bellringa pod Iloorlyripe, 
lI"fIS o\.Jscf\·eti in thed!l.rk dnriugthrredays. The apcxof the 
pod at first pointed perlJendicularly do~\'U, but in the course of 
throo !lllya I"OIIC 90",110 that it now projoetod horizontally. The 
course during tho two ]att~r days is shown in }'ig. 189; and 
it InSy be III'('D how greatly the poo:\uucle, whilst rilling, eireum­
nutated. The linel of chief movement ... ·ere lit right angles 
to the piane of the originally hooked part. The tracing WlIII 
not continued any longer; but aflH two additional days, tbe 
peduncle witb its C!l])6ule had become straight lind "tood 
upright" 

CmU!luliillg Remarks on. ApogeoiropislII.-When apo­
geotropism is rendered by Itny m('!lns feeble, it acts, 
as showt\ in the se"eral foregoing ClUle~, by increllsing 
the nlways preseut circumnut!iting ll1()r('J)l('ut in a 
din.'dioll oPlXlsed 10 grnrity, Illld by dimini~hing thllt 
in tho directioll of gra\'ity, ItS well IlS that to either 
side. 'rho upwurd 1ll00'cment thus beeolll€'S unequal 
in rat€', and is sometimes int€'rrupl€'<1 by stationary 
periods. Whenc'"er irregular €'\Iipses or loops are still 
formed, their longcr I\.X€'S are nlmost ahmys directed 
ill tho lino of gnwity, in Illl Illlalog-Mls mlllluer as 

occurred Ilith heliotropic mm'elli('llts in reference to 
the light. As nJlogootropisllI !I(,ts more IUld Illore 
euergt,ticnlly, ellipses or loops C('IUIO to be formed, Ilnd 
the course l>ecomes at first strougly. and then less Ilnd 
IrllS zigrog', lind filially rectiiiu(,!lr. }'rom this grada­
tion in tho nntllTC of tbe mOl'elll('nt, nnd moreespecialJy 
from all growing parts, which alOllo (except when pul­
\'ini are I)resent) are acted 011 by IlJXlgcotropislll, con-
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tinually circulllllutating, we may oonclude that Iwen 
1\ reetilinear course is merely an extremely modified 
fonn of cirellmllutation. It is remarkable that It stem 
or other organ which is highly sensitive to apogeo­
tropism, and which has bowed itself rapidly upwards 
in a straight litle, is often curried beyond the vertical, 
as if by momentUIll. It then bends a littlo backwards 
to a point round which it finally circnnulUtntcs. 'fwo 
instances of this were observed with the hypocotyls of 
Beta vulgaris, ono of which is shown in F ig. 183, and 
two other instances with the hy])oootyis of Brassiea. 
This momcntum-liko movement probably rcsults from 
the accumulated effects of apogootropism. For the 
sake of observing how long such after-effects lasted, 
It pot with seedlings of Beta was lnid on its sido in the 
dnrk, and the hypocotyls in 3 h. 15 m. became highly 
inclined, 'f he pot, still in the dark, was then placed 
upright, and the movements of tho two hypocotyls were 
tmeed; ono continued to bend in its former direction, 
lIOW in opposition to npogootropism, for about 37 Ill . , 

perhaps for 48 lU.; but after 61 m. it moved in an 
opJXlsito direction. 'fhe other hypocotyl continued 
to move in its former eourse, after being pluced 
upright, for at least 37 Ill. 

Different speeies and different parts of tho same 
species arc acted all by apogeotropism in very dif­
ferent degrees. Young seedlings, most of which cir­
cumnutate quickly and largely, bend upwards alld 
become vertical in much less time than do any older 
plants obserycd by us; bllt whether this is due to 
their grenter sensitivencss to l\pogeotropiSIIl, or merely 
ro their greater flexibility we do not know. A hypo­
cotyl of Beta traversed an angle of 109" in 3 h. 8 Ill., 
!lnd 0. cotyledon of Pho.laris an angle of 1300 in 4 h. 
30 Ill. On the other hand, the stem of a herbaceous 
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Yerix-un rose 90~ in about 24 h.; thAt of Rubns 07~, 
in 70 h.; that of l'ytisus 70°, in 72 h. ; thnt of il young 
American Oak only 37~, in 72 h. The stem of a 
young Gyperut alternifoliu. rose only J 1° in 90 h. ; 
the bending being confined to near its bMc. Though 
the sheillh-like cotyledons of Phninris nre so extremely 
sctlsitive to il.pogcotropism, the first trne leaves which 
protrude from them exhibited only a trnee of this 
action. Two fronds of a fern, Nephrodium molle, both 
of them young and one with the tip still inwardly 
curled, were kept ill a horizontal positioll for 40 h., 
and dllring this time they rose 80 little that it IIIlS 

doubtful whether there was any tme apogcotrolJie 
mOI·emcnt. 

The most curious case known to lIS of n diffcnmce 
in scllsitil'CllCSS to grlwitation, and cOllsequcntly of 
mOI'ement, ill different purls of the sallle orgall, is that 
ofi'eroo by the petioles of the cotyledons of Ipmu1!a 
leptopliyllit. '1'he bnsal part for a short length where 
united to tho nndel'eloped bypocoty l Ilnd radicle is 
strongly gootropic, whilst the whule upper purt is 
stronglyapogeotropic. But a portion nCM the blade;; 
of the cotyledons is after a timc ncte<1 on byepinasty 
and CUf\'e8 downwards, for the sake of emergi ng ill the 
fonn of an areh from the ground; it 8uIJsequcntly 
straightens itself, and is then aguin Il<'ted on by opo­
geotropism. 

A. broneh of Oucurbita ovijera, pll«'ed horizontally. 
moved upwards during 7 h. in a struight linc, unti l it 
stood at 40° aoove the horizon; it then began to ci.r­
cumnutl\te, uS if O"'ing to it;; tmiling nuture it had no 
tendency to rise any higher. Another upright branch 
"all 1I('C1lrc<1 to Il st ick, close to thc hllse of a tendril, 
and the pot WI1S then laid horizontally in the dark. 
In this position the tendril cif't'!ulIlnutatcd ami made 
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severnl large eUiI~ during 14 h., f\S it likewise did 
0 11 tho following day; Lilt during this whole time it 
WAS 1I0t ill the leust nff~'ctcd by aIXlgootTopisrn. On the 
other hand, wil('li br,lIIches of allother Cllcurbitaceous 
pltlllt, E-hi1J()f"ytiIJ lob<d(t, were fixed ill the dark 80 thnt 
the tendrils df'lX'ud(..'(llJcnellth the hori7.on, these begall 
immediately to lJcud upwards, and whilst th us mO"ing 
they ccased to cirCIIlllnuhlte in nny !lInin manucr; 
bllt ns BOOn 11.9 they llil.d become horizon till they re­
commenced to rovolvo COIISpiCllOusly.· The tendrils 
of PaBBijlora gracili' ore likewise opogootropie. Two 
bnlnehcs were tied down so that their tendrils pointed 
many degrees bcnenth the horizon. One was obsen'ed 
for 8 h., during whieh time it rose, describing two 
circles, one above tho otber. The other tendril rose 
in u. moderately &troight line during tho first 4 h., 
making however ono smull loop in its course; it then 
stood at about 450 above the horizon. where it circum­
uutnted during the rf'llllliliing" 8 h. of observation. 

A part or organ which whilst yOllng is extremely 
sensitive to apogoolropism ceaSf'S to be 80 as it grows 
old; duel it is remarkable, f\S showing the independence 
of this sensiti,'encS!! tlnd of thl' circulllllutating lllO,·e­
Illcn t, that the lntter SOllllltimcs continues for a time 
Ilftcr all power of bending from the Cf'utre of the earth 
has 1>0011 lost TJlI1i1 a seedling Ornnge bearing only 
3 YOllug lelwcs, with n. rather stitT st('lll, di(lllot cune 
in the least. upwards during 24 h. whilst extended 
horizontally; yet it ci rCllnlllutated all the time o\"('r 
fL small space. The hypoootyl of 8. young soedling 
of Cassia tora, similarly placed, hecnme rerticaJ ill 
12 iI,; that of au older seedlin g, It inch ill height, 

• For dete.ila 11«1 • The ~I o .. ('menll.nd II"biu or Climbing PIaJlu,' 
18'~r. uu. 
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becam.e 80 ill 28 h.: and that of another still older 
one, Ii inch in height, remained horizontal during 
two Jays, but distinctly circumnutnted during this 
whole time. 

When the cotyledons of Pbalaris or Avena nrc laid 
horizontlllly, the uppermost purt first bend s upwards, 
lind thon the lowor part; conscquently, after the 10ll"er 
part hl\S become much curved IIp\mrd~, tile tlPI>er part 
is compelled to curve backwards in an opposite direc­
tion, in order to straighten itself and to stand ver­
tically j aud this subsequent straightening process is 
likc\\·ise duo to npogcotropislll. l 'he upper part of 
8 young cotyledons of Phnlaris were 1I11\(le rigid by 
being cemented to thin glass rorl!'l,80 that this part 
could 1I0t locnd in the least; neverthel<'8:l, the basal 
l)(I.rt was not prevented from eurving UpWllr<l. A stem 
or other organ which bends upwards through IlpOgeo­
tropism exorts considerable force j its own \\eight, 
which hI\.!! of course to be lifted, WM su/Hcient in 
almost every instance to cause the pllrt Ilt first to bend 
" little downwards j but the dowlIlI'ard course was 
often rendered oblique by the simulUIllCOus cireum­
nntating mO\'emcnt, Tbe cotyledons of Avena placed 
Iiorizontlilly, besidcs lifting their owu \Vcight, were 
able to fulTOw the soft sand above them, flO KS to leave 
little crescentic open spaces Oil tho lower sides of their 
bases; and this is a remarkable proor of the force 
!'xortcd. 

As the tips of the cotyledolls ofllhnlnri9 and Avena 
bend upw!lrds through the' action of apogeotropism 
before the basal part, and lUI these same tips when 
exeited by a lateral light transmit some influence to 
the lower part, causing it to bend, we thought that 
the same rule might hold good with npogootropism. 
Consequently, the tips of 7 cotyledons of rhalaris were 
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cut off for 1\ length in throe cnses of ·2 illCh aR.t! in 
the four other cases of ·14, ' 12, 'I, and·07 inch, But 
these cotyledons, after being extended horizontally, 
bowed themselves llpwards as effectually as the \lll­

mutilated specimens in the Sl\me pots, showing that 
sensitiveness to gravitation is not confined to their tips. 

GEOTROPISM, 

This mOYCmellt is directly the re\'erse of apogco­
tropism. Many organs bend downwards through epi­
nasty or apheliot ropism or from their own weight; but 
we havo met with very few eases of II downwnrd movc­
ment in sub-aerial orgnns due to geotropism. 'Ye 
shall, however, give one good instance in the fol lowing 
section, in the case of Trifolium subterraneum, and 
probably in that of Arachis hypogwa. 

On the other hand, all roots \\bicb penCtril.te the 
ground (inclUtling the modified root-like petioles of 
Megarrhiza and Ipcmmaleplophylla) are gJlidcd in their 
downward course by geotropism; and so are mnuy 
acrinl roots, whilst others, as those of the Ivy, appear 
to be indifferent to its action. In our first chapter the 
movcmcnts of the radicles of several seedlings were 
deseribed, We may thero see (Fig. 1) how a mdiclc 
of the cabbage, when pointing vertically upwards so 
us to be very little acted all by geotropism, circum­
uutated; and how auothcr (Fig. 2) which Ifas at first 
placed in an inclincd position bowed itself downwards 
in [l, zigzag linc, sometimes remaining stationary for ,1 

time. Two other radicles of the cabbage tnwelled 
downwards in almost rectilinear courses. A radicle of 
the beau placed uprigbt (}~ig. 20) made a great IIweep 
nnd zig~agged; but as it sank downwards and was 
more strongly acted on by gcotropi~m, it mO\'cd ill an 
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almoststroight course. A mdicleofCllcurbita, directed 
IIIlllards (l'ig. 26), also zigzagged nt first, ami de­
scribed small loops; it then mo\"ed ill fl stmigbt line. 
Nparly Ihe Slune result was obsen"oo with the radicles 
of Zea maY8. But the best cvidence of the intimate 
COllnection between circulllllutation tlnd geotropislll 
1I'8S atTorded by the radicles of Phnscolus, Vicio., and 
Quercus, and ill fl Jess degree by those of ZCD. fi.nd 
iEsculu8 (see Figs. IS, 19, 21, 41, Imd 52); for when 
these were compelled to grow and slide <1011'11 highly 
inclined Sllrfnccs of smoked glftSS, they left distillctl~· 
serpentine tracks. 

'1118 Buryi"g 0{ s-J-oopmlt.: Tn/al''''''' nWltmJ"tum.-Thc 
flowcr·llt'adtl of thilJ plant are remarkable frolD producing only 
S or 4 perfoct flo .... ers, which are situnted elteriorly. All the 
other many flowcrs abort, and nre modified into rigid poinl8, 
with a bundle of vC8II(!ls running up tlleir ccntl'OlJ. Afler a time 
.'I long, elastic, olaw·like projections, whiell rcProBCut the dh"i. 
sionsoflhecnlyx,nrede\"cJopedonthcirsummita. Aa 800nllll 
the perfoci floll·ors wither they benrj downwards, supposing the 
peduncle to stand upright, and they then clOllCly ~nrround its 
uppcr part. ThilJ movcment is due to epinllllty, lUI is likewit!l' 
the caee with the fio"Wcl"lJ of T. "ptru. 1'he imperfect central 
Dowers ll!tinmtolyfollow,one afierthe other, the IJIWl(IOOUI"8e 
Whilat tile parleet Dowers are thWl bending do,,", the whole 
peduncle cunes downwards and inCl"ll68ell mnrh in lenh-tll, 
until the flowt'r·head reachea the ground. "auchcrw Il8YS that 
when the plant ilJ I!O plaoed thllt the bead, cnnuoi IJOOn reach 
tilC groU1HI, the peduncles grow to the 61tmoniillary ICllgth of 
fromGto~ inches. In whatcvorpof!ition the brauohC6 maybe 
plaood, the uppcr part of the pedunclc tit first oonda Yeriically 
upwards through heliotropism; hut Il.I! BOOn as tho flowel1l 
begin 10 wither the downward cnrvature of Ihe whole peduncle 
oommeDces. As Ibill latter movement ooc.urrod in oolDplete 
darlrnoes, and with )JCduncles arising from u))right and from 
dependent branchel, il cannot be due to a])heliolropiam or to 
cpiuuty, but mWlt be attributed to gootro)l.iun. Nineteen 

• 'lJi..t.l>h,.a. d('l PLIlt.e.d·J::u~,·inm.1i.1B~I,p.IOO. 
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Ullrigilt f1ower-hoodll, arising from branchea in aU IIOr1ll of potli­
tion •• on plantll growillg in a warm gt'OCnhoul!C, '\'I-ero IlUlrked 
with thread, alld lifter 21 h. six of them weTC vertically depen­
dent; these therefoTC IHld tnwelled through 180" in this time. 
Tell were extended sub-horizontally, n.nd the5C had moved 
through about 9IY. ThJ()8 very young pOOunelea had Ill:! yet 
mo'fed only a little downlranls, but after an lIt.!ditional 24 h. 
v .. ero greatly inclilled . 

.At the time when the f1ower-lleads reaeh the ground, the 
younger imperfect f1owel'll ill the ocntro llro still l)fI...oo eloeely 
together, and form n. conical projection; whf:rClUl the perfect and 
imperfoot flowers 011 tho olltllide are ul)tUTncd and cloeely sur­
roUlid tIle pedunde. They aTC Ihilll oo.apteo:l to offer as little 
l'CIIistalloc, WI UIO CIIIIO oo.mitB of, ill ponetrnting tho ~und, 
thougb the diameter of tho flo'\'l·er-hcad is still conlliderable. 
The means by which tilil )lOnelration is effected will l'rel!Cnlly 
be dOllCribed. The Hower-heads are able to bnry Ihemsehes in 
common gu.rden mould, ami easily in IIIInd or in fino siftod 
eilldel'll pMkod rather eloeely. The depth to which they pone­
trnteo:l, mCMUrod from tho IlUrfaoo to tho be.eo of tho hood, 'I'f8II 

bctWOOIl i and ~ inch, but ill one CASe mther above 0-6 inch. 
With al)lallt kcpt in the IIOIlSC, a hcad partly buriod itllclf in 
Mud ill 6 h.; after I;J days only the tipa of tho rdlel:ed C'.alyeetl 
were vil;.ible. and after Ii days the whole had diu.ppearod. But 
with plant.s !;I'01ring out of doora 'We beliOTO, from CIlI:IIlai obecr­
vaiiollll, that thoy bury themlJelvCII in a much lIhorter time. 

After the heads ha'·e buriod themsei'f08, the central aborted 
flowers incresac considerably in length and rigidity. and 
booomo bleached. They gradually curvo, ouo after tho otber, 
111)Wllrds or towarda tilo peciunc1o, ill lhe 80lne mallnor 11.8 

did tho perfoct f1owel'llat flnIt. In thnll moving, tbo long cla.,,'11 
on their lIummib; carry with them IIODlC esrth. Uence a fl.o'Wcr­
head which has boon l>uriod ror a IlUfl.l.cient time, forma. mther 
large ball, consisting of the aborted fl.o'Wera, BC»>.f8tod from 000 
aoother by esrth, aud surrounding the little pods (the product. 
of the perrect f1;.)wera) which lie c10110 round tho upper part of 
the podullele. The CftlyOO8 or the perfect and imperfect f10wen 
are clothed with simple "nd multioolluln.r hain, which have tho 
IlOwer of absorption; for when plooed in a w(lIlk solution of 
carbolln.te of ammonia (2 gr_ to 1 Ol',. of water) tilCir proto-
1)llU!Illic conientll immediately becnme aggregatod and aflerwarda 
ditplayed the usual .. ow mO'fcmOIlt& Thill dover !('Ilera.lll 
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~'IU in dry lIOiI, but whether the f'01I'er of abtiot'J)tion by the 
bail'll on tho buried flo .... er-heads ia of any imf'OrUmoo to them 
wo do not kllOw. Only /I, fuw of the fiO'lH'r-I\.,W, which from 
their poIIitiOIl are not able to reach the "''TOund awl bury them­
eeil·6II,yieldllOO<.ls; whereaa the buricd oIlClnllVt'rfllilod,ufllr 
lUI W6 obl!crn~d, to prodUCIl as lllliIly 600dI as Ulere had been 
IlCrfectflower8. 

Wo l\'iIl nol\' con.ider the movements of tho peduucle whilst 

'ig.19O . 

. !l.i!-
Tn!oli_",uf1'f'(nlftl .. : dOWDWUtl ,rWTemeDlofpeduDd,f.Qm 19"beDtalh 

Ih' h~rizon to. D ... l1 ytrtically deptocltnt l~ition, traced from 
II ... 101, July2~ucl to the morning of 2Mh. 01 .... ma<ncDt find 
tn",Yenely ~r_ peduncle, at lnM of 1I0wer_btaJ. 

eurving down to the ground. We hal''' IlCeU in Chap, IY., 
Fig. 9'.1, p. 225, that an upright YOWlg flower-head eircumnu. 
tat.od oonapicuouslYi and that thill moveJnCut continued after 
lhe peduncle had begun to bend do1l'Ilwarda. Tho IIt\lllO 
peduncle was ohllervod wben inclinod at au anglo of 190 aOO'f6 
!.be bocizon, and it circumnutatOO during two daya. Another 

:l L 2 
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which WII.8 already curved. 36" benooth tho horizon, WII.8 o"bllcrfed 
from 11 A.M. July 22nd to tho 27th, by which latter data it 
had become vertically dependent. l Ui course during the first 
12 II. is shown in l'ig. 190, lind iUl position on the three 

Ruccood.ing moming@ulltil the 25th, 
f ig. 101. when it was nearly vertical. During 

J 
the first day the peduncle elearly 
circumnutatod, for it 1Il0~cd 4 timCII 
down amI 3 times up; and on each 
succeodiug day, as it sank downwards, 

"-----/.. 1 the I!/Ime movement continued, but 

! ", \ :.:: l:l;t=~:!~k~~C;;~o~~~ 
Trif"""mowbterr.>.-m, elr- be stated that these JJCduncJ~ wo~ 
cumuutatiug moytmtut of obsoned uudcr a double skyhght III 
r.!untle, ... hill.t the flo ... e~- the house, lind that they generally 

~~h:~~~!~;~e:~:J:~ :~:.~ t~::n~;o~~~a:~c~~~~n~ 
tr&C<Od !rom 8 ".x. July out of doors or III the gTeenhou~e. 
26th to 9 A.X. On 27111. 'rhemovomentofallothcrverticaily 

:;i::i~:.r~~r:cJ!: ~:in~::~:'~:I~lea:ii~c:~~fiv:\\~e:; 
ground, WII.8 traced, p,nd again when 

it first touched tho ground; in both CII.8C8 irregulllr cllipiietl 
wore dcscribod every 4 or 5 h. A pedunclo on a plant whicb 

Fig. 192. 
had been brought into tho house, 
moved from an upright iuto II ,·er· 
tieally dependent JX>Sition in 110 
siuglo day; and here tho course 
during the first 12 h. was uoorly 
straight, but with a few "'ell-markt"d 

T";jol,,,,,, hbkNa"""": move- zigzags which betrayed tho essential 
mt "t of ... me peJ"ncle,with nature of tho movement. Lastly, 

~:'~~!1;a;?!.~oe!;X:~~ ~~:a ~i=n:\~i~~n 5~f h~ ::i~~:cil: 
tIle act of bnrying itaelf obliquely 

in a little hC<l.p of sand. After it llad buried. ilaelf to Buch a 
depth that OIQ tip!! of the BCJX'lswcrc alollo visible,the above 
flgllrc (Fig. 191) WII.8 traced during 25 h. When tho flower­
head had oolll]lletely disappeared beneath the sand, another 
tracing Willi made during II h. 45 m. (Fig. 192); and here again 
we see that the peduncle WIUI cireuwllutating. 
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Anyone who wi!! obecrvo A flower-head burying itself, vdU be 
convinced that the rooking mO'l""ement, duo to tho continued 
cirenmnutBtion of '110 peduncle, plays an impcllunt part in Tho 
act. Con8idering that the f!owcr-headflare 'l""cry light, that the 
peilunclee are long, thin, and flcxible, ami HII\t tiJ('Y Ilrill(! from 
flexible branches,it is incrediblo tllat un obj<.et aa blunt Illl one 
of these flower-heads could l)Cnetmte the ground by means of 
the growing force of the peduncle, unlCf!ll it were aided by the 
rocking n}Q'I""em"ul After a Bower-head hM pcnetmted the 
ground to a small depth, another and efficient agency OOmt'll into 
play; the centro! rigid aborted flowers, each terminating ill five 
long claws, cnrve up towarda the peduncle; SlId in doing 60 
ea.n hardly fail to drag the hend down to a greater depth, Aided 
lIS this action ia by tho cireumnutaling mO\"l'ment, which con­
tinues after tho flo .... er-head bas comphne!y buried it.gelr. The 
IlbortOO. floweR thus act IlOmetlling like the IHlnds of tho mole, 
which foreo the carth backwards and tho bOOy forwards. 

It is woll known that tho .sced-eaJlllule. or .anOIlll widely 
diltinct p1nniJI either hnry themlielTUI in tho ground, or are 
produced from imperfect flowcrs de'l""elopccl beneath the 811rfllOO. 
Do&idos the pr6l!Cnt CSIlO, two other well-msrk!.!d instllnCCII will 
1)0 immediately given. It is prooobio that one chiof good IhM 
gained iBtho)lrotoctiollofthel!eedsfromallimalswbich I'reyon 
them. In the esse of '1:nwterrallftlm, lhosoodaare not only 
conOOllled by hting buried, but are likewille Ill"Olectcd by being 
closely surrounded bytl10 rigi{l,aOOrtcdftow(:l"3. We may the 
more ()Onfidently infer that Ilrotoction isheTC aimed at, bocRuse 
the seeds of IMlveralspoeieeiu lhilIlIIlmO!«,nUSIU'Q protected in 
other ways;- namely, by the swening and c\OIlure of tho calyx, 
or by the peralstenoo and bendingdowll oHho stan.mrti-J.'ctal, &c. 
Dut the moat curions iUllianoo is that of T. fl1/lllw!J>Il, in which 
the upper tlOWCI"II aTClltcrile, as in 7'. rubltrralleum, but o.ro hero 
developo(lintolargobrushe.ofhaiRwhichonvelopandlll"Oteet 
tho seed-bearing Howers. NeverthelOM, in sll the88 CILIJCI!, the 
ClLpsulos, with their 88tds, may profit, &II Mr. T. Thi8elton Dyer 
11M remarked,t by their being kept IJOmc1l'hat dampi ami the 
advllDlago of BUch dampnCllll pcrha(l8 throv;& light 011 the pre­
lICuosoflhoabllorbenthairsontheburledllowcr-head80( T.lub­
tmumum. Aooording to Mr. Bentham, III quoted by Mr. Dyer, 

- Y&neher, '1Ii~t. Ph,. •• de. t See hiiinkr.'fliing .rUde ill 
Pl.lntl'!Ol d'Enl"Ope,' 10m. ii.ll. 110. 'Nalnre,' Allril ~tb, 1878, p. (46. 
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the pl'Ol!trato habit of H<lia"t~=um prm;lratum .. brings the 
capsules in contact with the surface of the ground, postpones 
their maturity, and so fal'oum the soods attaining a larger ~ize." 
The capsules of Cyclamen aud of O:ruli. {1f;iJ/Q.dla are ouly ()CC3-o 

sionally buried, and this only ooncalh deadlcrwes or moss. If 
it be an Mvantage 10 a plant that il8 capsules should be kept 
damp nnd 00011.oy being laid on the gronud, we have iu these 
laHer CIl.SClI the first step, from which the powcr of pcnetrntillg 
the ground, with the aid of the always present movement of 
cinmmnuiation, might aftar\\"IIM have boon gained. 

Arachis hyp'oga-a.-'rhe flowers which bury themselves, rise 
from 6tiff brllonches II few inches llooye tho ground, and stand 
upright. After they have fallen off, tho gynophore, that is the 
pun which supports the oVllrium, grows to II grcat length, even 
to 3 or 4 inches, llond bends pcrpendicularly dowmmrds. It 
rosem"Llcs closely a peduncle, but hl\8 llo smooth amI pcintod 
apex, whichcontlloillS tho oVU1CS,Il11d is at first not in tho lcast 
eulllorged. Tho II}>CX p,fterrClloChing tho grollll(l penetrates it, in 
one CIUlO ob&:rved byllil to a depth of 1 inch,lInd in p,nother 
10 0·7 inch. It there becomes dcveloped into a largo pod. 
Flowcl'll wllicll are sooted too high on the plant for the gyno­
phore to reBCh the ground are l!IIoid· nover to llroduce pods. 

The mOl'clUent of a. yonng gynophore, :mther under an inch 
in length p,nd vertically dependent, wa.<; trn.ood during 46 h. by 
means of a gllloS8 filament (with sights) fixed transversely II 
little above the /Io}>CX. It plp,inly ~.ireumnutated (Fig. 19a) 
whilst inCJ"()[llling in length and growing downwards. It WWl 

then raised up, so Ill! to be extcndod IIlmost horizonml1y, p,nd 
tho lenninal part cuned itself downwards, following. nearly 
straight course during 12 h., but with oue llottemllt to circnm­
nutlllo, 8S shown in Fig. Hl.!. After 24 h. it had become nearly 
vertical. Whether tho exciting ca1.l8O of the downwp,rd mo\'O­
mcnt is geotropism or p,pheliotropism W8.11 not IIscominedj but 
prooobly it is not apllcliotropisDl, as 1111 the gynophores grew 
straight down 10wlUds the ground, whilst the light in the hot­
house entered from one sido /Uj well B8 from above. Another 
IIl1d older I;ynophore, the apex of which had nem-Iy reached the 
ground, WIIJ:I obaerved dnring 3 dIIo):8 in the &lIDe milliner WI the 
first-mcntioned short one; and it .... 1\8 found to ooalwllyaeircllm­
nutating. Dnring the first 34 h. it described a figure which 

,. 'GarJ. CiJrouicle,' 1857,p. 566. 
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f('Pf6l!eDted fourcllipaes. Lastly. a long gynoll!lOre, the apex of 
which bad buritd itrlelf to the dCI)lh of about half an inch, 'ii"as 

~ 
/ 

/ 
I 

.'" 
Ar.:aMiI"'IPOg~': ci,..,nm_ 

nutation or ~erliC"llJ' 

d6ptadentrouaggyno­
pho~. u • .,.J OD. ~er-
110:.1«1 ... rrom 10 ....... 
J"I,.3h~1.o 8 ... IL}"og. 
2Gd. 

)·i,.I\\-!. 

Arocl!iI "IIMI%a: do .. n­
.. ardmo .. ementor .. me 
YOlln, gra~phore •• ~, 
btiar uwadod hari,uD_ 
'allY;lraQtd"" ... utlQ.! 
11:1 ... r,om 8.90 ........ 1.0 
8.30 1'.11 • .1",. 2a<1. 

pulled up and el.tcnJed hori7.0ntally: itqllickly began to curve 
downwards in a zigzag line; hut on tllo followlug d.y tho tet-

© Tht. Comolete Work of Charles. Darwin Onlint. 



f20 !I.0DlJ.'lED crnCUllXUTATIOX. CHAP. X 

minal bleached portion WI/I I little shrh·elled. A.I! the gyno­
phol"Cll are rigid aud ariee from stiff branches, and lUI they 
tcrminate in slmrp smooth points, it 18 )lrobnble that they oould 
lJenelmte the grouu(l by the mere forro of growth. But \Jlls 
action must beaidod b,. Iheciroumnutating lIIovelllent, for fine 
89.ml, kel)t moillt, W&8 IITC8S00. dose round the apex of a gyno­
jlilore which had rtaehed the gronnd, and after a few hours it 
111'&8 surrounded by • narrow O)le.ll crack. After three wecQ 
this g)'DOllhore ".&.11 unooverod, and IIle apel: 1II"1UI found at a 
depth of rather above half an inch developed into a small, white, 
OVII],)(I() • 

.... mphicarpan mo;m"i(l(I.-This plant produCOIIloug thin shoots, 
whieh twine roum! a BUppOrt and of 00111110 circumnutate. 
tArly in tho summer shorter shoots are producOO. from the 
iOlfer part8 of the )innt, which gTOl\. pet}Jendicularly down warda 
and penetrate tho ground. One of theee, tennillating in a 
minuto bud, waa obBen·cd to bUTy iillelf in sand to a depth of 
0-2 inch in 21 h. It W&II lifted up and fixcd in an inclined 
poaition about 250 beneath the horizon, being feebly illuminated 
from above. In thia position it desc:ribo..od two vertical ellipsoll 
in 2111.; but on the foHowiu!; dtly, when brought into the honse, 
it circumnulakd only a very littlo T01l1ld tho fj.O,me spot. Otller 
hranchCl! wero IICCn to penetrate the ground, and were afler­
wards found running like roots beneath the lIurfaee for a length 
of nearly t,,·o inchCl!, and they had grown thick. One of these, 
after thu8 nmnins, had emerged into the air. no",· far circum­
nutation aid~ thOl!(l delicate branchCl! in entering too [t.round "1>"0 

do not kno"'· j but the rcftoxcd hairs with ,,·hich thoyare clothed 
will lIB8ist in the work. Thill plant produOOll pods in the nir, 
nnd otll{'rs beneath tho ground; which ditTer grroHy in nppear­
nnoo. Alia Gmy 8a)"1I0 that it ill the iml)('rfect ftowera on the 
cI"CCping bmnchOl lIcar the base of tho plant which produce the 
~ubterranoall pod.3; thcee ftowC!1l, thcrefol"C, must bury them­
~h·OI like thoee of Arachis. But it may be lIuspoctod that tbe 
hranchOl which "Were aeen by UII to penetrate the ground alao 
prod\1C(\ IJUbterranoan Bo"'·en and 1mB. 

DIAGEOTIIOPISM. 

Besides gcotTOllisIU and apogcotTOpisllI, there is, 
according to Frank, an allied form of movement, 

o'ManualoftbeDotaD1ofthe>S"orlheruUllltcdSta(ff.'ls:l6,p.l06.. 
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namely, "transverse-geotropism," or diageotropism, as 
wo may 0011 it for the sake of matching our other 
terms. Under the influenoo of gravitation C(!rtain 
parts ate excitM to place themsclves more or leS.'! 
trons\'crscly to the line of it!! action.- \Ve made no 
observations on this subject, and will here only re­
murk that tho positioll of the sccondary rauiclcs of 
various IJlants, which extend horizolltally or are a 
littlc inclined uownwards, would prooovly be con­
sidered by Fmllk as due to t ransverse-geotropism. 
As it has been SUOWIl in Chap. 1. that the secondary 
radieles of ClIcurbita made serpentine tracks on a 
smoked g lass-plate. they cleMly circumnlltated, 
and thero CI1n hardly be a doubt that this holds 
good with other secondary mdicle&. 1t seems there­
foro highly probable thnt they place themselves in 
their dillgootropic position by means of modified 
cirCulllllutatioll. 

Finally, we Illay conclnde that the throe kinds of 
mo" ement wh ich ha\'O now be<!u described and \\hich 
are excit.ed by gm,·ita.tion, consist of 1ll0difiNi circum­
nutation. Different purts or olguns 011 the SIlme phmt. 
liud Ihe snmo part. in dillerent species, are thus excitNl 
to act in a widely different manner, \\Te can see no 
JCa30n why the attmction of gnlvity sbouM directly 
modify tho stutc of turgescence lind suhsequcllt growth 
of ono l)Il.rt on tho upper side all(l of another PIlJt 011 
the lower sidc. \Ve UTe therefore led to infer that both 
geotropic. apogcotropic. and diagoot.ropic movements, 
tbe purpollO of which we Cilll genenlll y understand, 

• Elfyjllg hu b.tdy deleribed e:lot ileul i~UuIee 0( lueh moye-
,',:ubtiteu de. Dol. h'ltillili ill meu'lilllbe . billClUleaol"",ttam 
WUnburg:U. iI. IS5O,p.469)11I I'iaulol. 
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huve been acquired for the advantage of the plant by 
the modi6ciltion of the e\'er-prnscnt mo,ement of 
circulllnutation, 'fills, however, implies that gravi­
tation produces some effect all the young tissues 
sufficient to serve as a guide to tho plaut. 
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ClB.P'rER XI. 

Loc.\I.lUlI SCftlTtl'a.'1_ TO GllAl'ITATlOlf, AlOb IT'f hAlQ_I'ITII:D 
E,,1Cn. 

General oon!i,leration_YiciA r"b", eff.~,u or amputating the tir- of 
the n .. dielc.-Hegencrnti,)n of tile ti]l._Efl~~ of a .bott c:EJX*ure 
ofthetir-io8('<'tropic_di'n_ndthcir.u~lIeutampulAl l<>n­

Etr,'C1iI of .nol>ut.lting Ihn lir- obH'ludy-EIf,('1iI or CM.utHi~lUJI: tbe 
lil_EII',<'1iI of gre..e 011 II. .. li;--Pu.uou .tiYUm, lir- of mid ... 
... uteriiedtranl\'el'l!eiy .• ndonlhelrup]ler.IKlIO.i'{'r,ld ........ 
I'hMOOI "~, e.ut"ti .. thm .ml ~ on Iho til'lI-GoNYI)ium­
Cueurbita. tip. MuterOOI traulI,'er.ely, Rnd on thoi r upI)('r and 
1,).'0. lIi'\ ... -Zea. tir- cautetioed-C .. ncillding remar" an.1 
.umm.ry .. r('hlll'ter-.-\d ... nta~orlhe .. .'u.ibi\ilytog"!'Otl'OJ)illn 
beingl'lCalued inthetil*oflheradldea. 

CIESIELSKI stlltes· that when t\ill roots of Pisum, 
Lell! and Vieio. were extendC{1 horizontally with iheir 
tips cut off, they wero not acted on by gootrol)ism; 
but solDe days aftcnmrds, when a new roolA"ajl and 
ye~tatiyo I}()int had been formed, Ii. ("y bent them-
8(>11'(JS perpendicularly dOll'nward~. Ho further states 
tbat if the tips aro cut oiT, after tho roots have Leen 
I("ft extended horizontally for 801M little t illl(", but 
before they htIXO begun to bend dowllw!nds, t hey may 
00 placed ill !lily position, and yet will hend us if st ili 
actell on by geotropism; and this show3 that 80IIIe 
influence had bc<-n already tNlnsmill('(1 to the bending 
INlrt from tho tip before it was ampnl.;lted . Sachs 
repeated these experiments; he cut off a length of 
Lotll'oen '05 and 1 mm. (lIle~LSured frOIll tho apex of t he 

• 'Ab'lnU1llkrDmmuIIS der Wurzel: l u.ug, Di..erl. Brealall, ISiI, 
p.2:l. 
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,-cgctati"e point) of the tips of the mdiclC!! of thc 
bedll (V.-eja Jaba), and pla(.w thcm horizontally or 
verticlllly in damp air, Cluth, and water, with the 
result t1U\t they becnme bowoo in all sorts of direc­
tions,- He therefore disbclievoo in Cicsi('lski's MD­

elusioll!!, But as we hiLve seen with sc,'eriLl plants 
t.hllt tho tip of the mdiclc is 8cusiti,'c to c •. mtact iLnd 
to other irritants, and thnt it fmnsmits some influence 
to tlu) upper growing part causing it to bend, there 
seelUed to us to be 110 a priqrj improbobility in 
Cicsielgki's statcmcnts, We thercfore determined to 
rept'at his experiments, and to try others 011 ge,'erai 
species by different methods. 

l"kia/IUI<I,-Radicles of this))innt wero extendoo horizontally 
cithcr over wat<:r or 1,l'ilh tbcirlo'Wer lIurfaoosjust touching it. 
Their tips had previously beeu cut off, in a. diroolion l1li aceu­
rMcly trnnsvcl'88 lUI could be done, to different lengths, measured 
from the apex of the root-eap, lind which will 00 Rl)OOiflod in 
each callC. Light WM nIWll)1J (l1clmlod. We luw previously 
trioo huudl'O(l" of unmntilatoo I'&(liel(!!l \Jndc.r silililar circum­
staneOfl, nun found that every ono that W&8 IIee.llily became 
)lllliuly geotropic in under 12 h. In the ~ of four rndic1es 
which had their tips cut off for" length of Ui lllID., now root­
CRI)II and 110'" vegetative poina 'Were re-fonnod aner an internl 
of S (lay. 20 h.; and these when pla«ti horizontally ...-ere actoo 
ou by b'OOtropism. On !lOme other occasions this rcgcnerntion 
ofthotipsaud reacquired seIlllitivenCfllloc<:nrrcdwithinallOmo-­
what IIborter time. Therefore, rndielllll having their tip!! 
amputated would be obacrvcd in from 12 to 41:1 h. after tho 
operation. 

Four rAdiel06 were odendod hori7.0utally with their lower 
lIurfacea touehing the water, llnd with thoir til)ll cut off for a 
leugth of only 0'5 mm.: after 2iI h. three or them were still 
IloriJ:ontal; after 47 h. ono of tho three becamo fairly gootropie; 
and after 70 h. tho other h'o sho1>'oo a trace of thi8 action. The 
fourth nuUele 1\'&8 vertically geotropic after 23 h.; but by &D 

• '.Arbelleu detlJ.ot. IlljJliluuiIl Wiln:bul";,' Utn.iii. 1873, P. 4S2. 
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aocidlmt tho root-cap alone and not the "egetative llOmt WIl.!I 
found to havo beeu amllulated; Il1O Ihat tbia C8.IIO formed no Nil 
elooplioualld mighibavobeene:u:ludod. 

}'ivo mdiele& wero eltendod horirontallyliko Iho last, and 
had their li])II cut off for a 1~llgtll of 1 mIU.; after 22-:'.3 h., four 
of them wero atill hoti"!: ,ntal, and ono WII8 alightly gootrop1C; 
after "~h. tho latter had becomo "ortical; a kOOlld WlI./j alllO 
110100·\ hilt gootro]lic; t .... o remained apllroximately horizoutlll; 
alld tho last or lifth had grown ill a disonierod manner, for it 
w/Uliucliuod U})wlltds at an lingle of 6,;0 abovo tho hori1.ou. 

}'ourto;;n rndiclCllwcrecxiendod horizontally at a litllo heigid 
ovorthowatcr Wilh their tips cut off fora length of H,mIlL; 
aller 12h.all wero borizontal,whil"t fhooolitrol or standard 
lIJ.lOCimena ill tho swno jar wern all beni jtl"tWtly do\\"UW"llr!i& 
After 21 h. IIOveral or the amputatod radiclOl remained hori. 
zontal, but 80100 Mowed a tmce of geotropiam, and ono Wlll:\ 
plailllYgt-(ltropic, for it WIl8inclined at 400 beneath tbohorizon. 

Seven horizoutally orleuded radielea from "'hich tho tip6 had 
boencntofffortheuIIUlmallenb-thof2IDm.uufortulllltelywere 
not looked at uutil 35 h. had clapsed; throe wero still hori7.o1ltc.I, 
hnt, to our aurprise, {OUT were moroor 10IIII I)laiuly b'OOtropie. 

Tho mdieloe in the foregoing casea wero mCllllUrod before tbeir 
ti lle wero IImputated, and in tho course of 2l h. they hRd all 
illcMIIJe(I greatly in length; bllt the mcaauromon!.l! are not 
worth gil·iug. It is of moro importance that Sachs found that 
th~ rate of gl"'O,,·th of tho different Jlftl"ttl of rtldiclOil with 
amllllUted tips II'M the BalDO &II with unmnlilated ones. Alto. 
gether t\I·cnty·nino ndiclOil lI'Oro operatod on in the IDailller 
.hove dceeribod, aud of th_ ouly a fow MOwod any geotropic 
cUrYlliUI"\I within 1/1 h.; whereas mdiclC$ "'jth uumutilated tipe 
a]II'ayw \locamo, u alroacly stated, mnch bent down in 10118 than 
half of tbis timo. Tho part of tho radicle whicb bondl! m06t li..-.s 
at tllO dibtanoo of from 3 to6mm from tho tip, and lUI the 
bouding part oontinuOil to grow after tho operatiou, thero d06~ 
not tJeCDl any rO&8OU why it should lIot ha,'o boon acted on by 
h'OOtropism, 11111_ it.8 curvaturo depended on IIODlO influence 
trallilmitteJ. from the tip. And we Ila\'e cloar 6\'idollce of such 
lransmi.ion in Cioaieuki', experimen!.l!, which we rol_ted and 
eltcndod in the following IWInner. 

Beam! "'ern embeddod in friable peat "-itb the hilUlll dO>rn-
1\1I.f'd.s, aud after their mdielea had gl"'O'iIi"n perpendicularly down 
for a len ... th of from -+ to 1 meh, >;ixl«:n were flClectod which 
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"Were llerfcctly straight. and thef'e lI'ero placed horh:Olltnllyon 
the peat, ix.iull; oovcre.\ hy n thin layer of it. ThC'y lI'ere thn~ 
left. for an av~rage period of I1t. fIT m. The tipil wero then ~ut 
off tn",.~·/y for a lCIljl.th of 1';; nlln., aud immediatelyaftC'r­
warne they w~re embcdde.1 \"('rtically in the peat. In thill position 
~tropism 1I"0uld not tend to induce anyeurvature, hut if some 
in8uencellMi already be<'n trausmitted from the lip to the part 
which bends 11lOII!, -we might CJ:pecl thallhill part would beeome 
eur"l'ed in the dirt'Ction in which j1"eolropism bad I,ronOU.l!ly 
lL('oodj for it II110ul0:l 116 note(1 that ththO rndielCIIlleilig now 
dOl'titnto of their IrellRiti"l'e tips, wonld not be prevenled hy 
~troI'ism from euning in allY direction. The roIult WILlI that 
of the SiJtCCD l'ertiCILl1y embedded Tlldides, four OOUtilliled for 
severnl dart to grow ,traij.:ht downwards, whilst tweh'e became 
moro or ICM boll'OO latemlly. In 11I'0 of the tweh'e, a trace of 
elln"aturo wall perceptible in 3 h. 30 m., counting from the time 
when thoylisd !irst i.J«on laid hori~ontally j ami all twelve were 
plainly bowo<1 in 6h., alld still more 1)lainly in 9 h. In e"l'ery 
one of them the cunature ... ·IUI directed towards the sido which 
had beeu dell1'nwarns ... ·hilst the rndielCIJ remained horizontal. 
The CUr"l'II.1UTO extended for 110 length of from 5 10, in oue in­
stance, !! mm., !ne!ll!uroo from the cu~1r end. or Ole twelve 
bo-w-ed BdiC\OI fi"l'e became permanently bent into a right angle; 
the other il('vcn were at fil"ht lUnch Ie. bent,and Olci r cun"&tnl8 
generally dccl"Cll.f'oo after 21 h., but did not whol1y du.appea.r. 
TIlis dOC)"('fU;6of elln"aturo would nMumJJy rol1ow, if all ex­
potluro of oilly 1 h. 87 m. to geotrolliwl, 6erTOO to modify the 
tUJ"gUICCnoo of the cellA, but not their aubsequent growth to 
the full Irltent. Tho five radiclca .... hich were rocuwgularly 
bent i.J«onlno fixed in thi~ position, and thoyoontinlled to grow 
ont horiwntatly in the poot for a l(!Il~th of about 1 inch during 
from 4 to 6 days. By tllia time new til. hnd been formed; IIond 
it Rhonld he nllll&J"ked that thiB regeneration occurred &lower in 
the peat than in water, o ... ·ing perhal. to the ra<tielt'tll being 
often looked at and thus distnrbed, After the tipl had been 
regenerated, geotropism WtIB Ible to act on them, 80 that they 
11011' beclUllO bo-w-ed l'c.rIical1y dOWllWlU"da. An accurnte draw· 
ing (Fig. H15) is given on the oppoilite page of one of these five 
radicl('lO, reduced to half Ole WLtumllito. 

We neJ:t tried wllether .. shorter u·potlure to geotropism 
would suffice to produce an after-cffoct. 8m'en radicles were 
C.lWlldod horizonl.!ll1y for au hour, illlllood of 1 h. 87 m. as in ilie 
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fonuortrial; a.nd lifter their tipe (1'5 I!Illl. in len/rth) had been 
IImputaled, Ihoy WCn.I placed yerticnlly in damp lleat. Of those, 
throowere not in the lCWltaffocted alld oontillued for days to 
gro_ straight dowuwardll. Four sLowed after 8 h. SO m. a mere 
trace of cun."turo in tlle direction in which they bad been acted 
on by gootropiBlll i and in thlll ftBJloct they differed much from 
lhOll6 ~' h.ich had heel) elposed for 
1 h.37 m., for JUanyo! thelaUer Fi&". 1 9~. 
were plainly cur,·co:! in tih. '1'ho 
curvature of olleof these four ~ 
radielee almO!ltdi&appeared after \ 
2l h. In the IIJ(lOOlui, the cur- J. I 

::~n~,:~,,:","~~",\:::o t~:;;; ~ 
nditlo became penmmelltJy belli, .:J.f.. 
10 tllst itll \erminlll port madc an -:1./ • 
allgle Orabout45¢ Withit.Original~ I~'\. 
Tc.rtical direction. Tho fourth II 

raJiclo became horizontal. Th_ f 
two latter radiclos IlOntinlled \.\ 
durillg two more days to grow , 
illlhepootiutholMlollledirectiollB, c 
that iB, at an anglo of 45" bo- r"", f(J!xJ, n.dic1. , 'e<"UoD~la.ly 
neath tile horiw n and horizon- but .~ A, .ne. \It.. aml,a'alinD 

~~~B~~:-~~l:~::~:: ~;A=~?~i;~'t:~::~ 
gootroplsm WIU! able to Ret on ... hUn geotr<ll'iom aft,,1 Qa the 
th()m again, aud they became • .,Jid,. A, poiDt o~ o;hier c.u •• 

~:!u~n~CUtl:1Y =no~a~~~ ~~:f:r:~ti5!;ai::E~ 
11'1"0 radicl06 deecribod in tho tb .. egeae .. t.ionorth.tip, .. heD 
last paragraph aD<l1./I ~ shown in ,,,,u Dpilm .a,ain ..,...... C, .. 
the figure (Fig. 195) here given. pD ........ tIP. 

lAstly, five other radicl06 were similarly treated, but were ex­
poeod to gootropiSlU during ou1y 45 m. After 8 h. 30 m. ollly 
one 111'88 doubtfully a!footed i after 2,l h. two were just per­
ceptibly CutTed towanla tho sido wbich bad been acted on by 
geoUollism i &ftcr 48 h. the one firet mentioned bad ".-.diU!! of 
cunaturo of 00 mm. That IhilI curvature was dne to tho action 
of gootropism during tho horizontal poe.ition of tho radic le, was 
ahoWD after 4. days, when a. now tip had been reformed, [or it 
then grew perpendicularly downward&. We lcaru from this 
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e&llC that when the tips arc IIomputatod after lion cxpoeurc fo ~ 
tropism of only 45 m" though 110 slight influence is sometimes 
transmitted to the adjoining pliort of the radicle, yet this I:ICldom 
lIulHcea, and then only slowly, to induce even mode:rately well­
pronounced curvature. 

In the previously given experiments on 29 horizontally u ­
tendod radiclCII with their tips amputated, only one grew irre­
gularly in auy marked manner, and this became bowed upwards 
at all angle of 65(>. In Ciesielski's OJporimcnts the radicles 
eQuid 1I0t have grown very irrcguillorly, for if they had dono 
so, ho eould 1I0t have spokon confidently of the ohliterntion 
of al! geotropio aCTion. It is tllercfore remarkable that Sachs, 
who eJperimcnteo.i 011 llUlny radiclCII with their tips amputated, 
foulld oJtremely disordered growth to be tho usuall'Cllult. As 
llOrizonlally eJtended radieles with SIUl)utated tipa are some­
times acted on slightly by geotropism 'within a short time, and 
are often acted on plainly aftor one or two daYII, we thought 
that this influence might possibly prevont disordored growth, 
though it WII!! not aLie to induce immediate curvature. There­
fore 13 radicle<, of which 6 had their tipa amputated trons­
vCl'l:!Cly for a length of 1'5 mm., and the othor 7 for a length of 
only 0·5 mm., were suspellded '-crtieal1y in damp air, in which 
position they would not be affected by geotropism; but they 
exhibited no great irregularity of growth, whilst ohsen·ed 
(luring -1 to 6 days. Wo nOJt thought that if care wero not 
ta.koll in cuttiug orr the tipl! IrnnsveI"l'Oly, ono side of the shunp 
mig!Jt be irritAted more than the other, eithor at fil"l:lt or 8ub­
tJOquently during the regenerntion of tho tip, and that this 
might OO\lSO tho radic1e tobelld to on" Ride. It hll!! also bocu 
showlI in Chapter m. that if a thin slioo be eut off one side 
of the tip of the rodicle, this ('11.1\_ tho radicle to beud from 
tho sliced !!ide. Acconiingly,80 radicle.'<, with tifl/l amputated 
for a length of 1'5 mm., were allowed to grow porpclldicularly 
downwards inte water. Twenty of them were amputated at. an 
angle of 2<Pwith a linetrnllllverso to thoirlougitudinalMcs; 
IIollcl snch stumps appeared only moderately oblique. The 
remaining wn radicle& wore IIomputated at ILIl angle of about 
45°. Gnder those ~ircumsta.nces no lCS8 than 19 out of the 80 
booamo mueh didorted in the eonl'l!O of 2 or 3 days. Eloven 
other rndic1es were similarly treated, eJcepting that only 1 mm. 
(including in this and all otllCt CfIl'.ClI tile root-cal)) WII!! ampu­
tatoo; auci of theao oulyone ~rew much, and two othel'3 Slightly 
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ui!!torted;!IO thnt !hi9 amonnt ofobliquo ampulationwa81l0t 
.uftleient. Out of the fI\I()"e HO radicles, only one or two showed 
in the first 21 h any dil!torlion, but thia bccaIll6 plain in the 
Hleasetl on 'he IleCOnd day, 8n<1 still more collBpicuoua at the 
elose of the thi rd day, by which limo nell' ti )l6had beenllflrtiaUy 
01" oompletely rcgcneratod. When therefore a U(lw lill is re· 
f,)rmClI on fin obliquo stUIlI!', it probably is developed lIOO!lel" on 
\Ono eido thnn on Ihe other: and this in IOmo manner elciteR 
the adJOining pari. to bend to one ~ide. Bonoo it sccms llrobable 
that Sachs unintentionally llmputated. the rll<lieles on which h€l 
olperimonted., not strictly io /I. trn.nncmc diroction. 

This Clplsnation of theoccallional irregular IttUwth of radiC\es 
"dth amputatod tips, is supported. by tho re.~11I18 of eo.uWrising 
their tips; for orten a greater length on one 1:<10 111Im on 1110 
other was ulIOo\'oidably injured or killod. It shonld be re­
mp,rked th/l.t in tho fol!owillg trillls tho tiJ.II:I were firsturied 
with b!otting-pRpor, and then slig-htly rubbed with a dry IIlick 
of nitrate of 1ti]I'er or lunareo.llstic . .A few louche8 with the 
c&l\Jjtic8ILftico to kill theroot-cll.pamlflOm$ofthoupperlll.yeN 
ofoonsofthe vegetatinl point. ~'enty~venradiC]CII,l!OIUe 

yOtlng and "cry ehort,othera of moderato length, were suspended 
vcrticallyover water, after being thus eauterisod. Of thceo 80mll 
ento~1 the water immedintely, and ..,thtr~ on the IJOCOnd day. 
The same number of unC&uterised. nu.licle. of the , .. me I~ 
were observed as control.!!. Afler lUi interval of throo or four 
daYII the oontmst in aplk:arnnco between tho eo.uterisod and 
ooutrol specimens was wOlu.lorfully grout. The controls hnd 
grown straight downward<, with the exception of the normal 
cUI"\"80tnre, which 11'0 havo called Sachll' corvature. O( Ibe 
'!l ('.ftnwri.,ed. I"a(licle.fl,15 had become <;::rtn::mdy di8U1I1(ld; 6 of 
them grew up""af(ls and formed hoo]lf<, 80 th"t their til"" IIOme­
times came into contact wtth the bcII.n ,d)(wo; 5 grow Ollt 
rectangularly 10 one side; only a few of tho remaining 12 were 
(Iuite slmi"'I!, and !lOme of these towarda the cleee of our 
0"'n"80tiOIl8 boeame booked. a.t their eltreme lowor ends, 
Itadiciet!,6l:.tended horizonl .. !!y instead of vertically, witb their 
tips ('.ftllterifMlCl, also soTnotim(l8 grew distorted, but not 80 com­
monly,8.3 far as wo oouldjllugc,as those 8u!<pcnded verlieany; 
forthilloc('Url'(l(i withonly50utof19J"1ldiclcelhus treated. 

IIIlJtead of cuUing olf tbo tjps, lUi in the first set of expori­
nwnls, we !lelt tried t.lle effcct& of touching IIOrir.ontally ex­
t<-nded rao:HclOll "jilt cn\\~tie in the mll.nlwr j\l~t Ilt'8Criheti. But 

;!" 
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!;Orne preliminary remarks must firat be made. Tt may 00 ob­
jeCted thntthecausticwOllldinjnl"C therediclesandpreventthern 
from ~nding, but al11ple evidence ,,"ai given in Cha1)ter III· 
that touching the tipl! of ,·crtiCRlly suspended TlIo(licles with 
caustic on one sidc, (1008 n"t stop their bending; on the 
contrnry, it caUre! them to beud from the touched. aide. We 
also tried 1011chingboth tile npper and the lower sidell of the 
tips of IlOme l"lLdicle~ of the beall, extended. horizontRl!y in damp 
friahleearth. 'rhe tirl@ of thrrewere touched withcRUlltic on 
their upper Aides, and this would aid their geotropic bending'. 
the tipl! of three were touched on their lower aides, which' 
would tend to counteract the hen(ling downwards; and thl"C(l 
wcre lert M controls. Afler 2-1 h. lUI independent o~er\"er was 
a~ked to pick O\lt of tIle nino rn.diC\es, the Iwo which were most 
and the two which were lo.11;t bent, he f'Cleclcd as tho latter, 
two of tho£ewhich had been toucbed Oil thcir 10ll"er sides, and 
6$ tho most bent, two of thOile whieh 11IId hoeu touched on tho 
I1pperside. lIeroaflerllllalogonsandmore slrikingexperiments 
with Pi, um ",tiv-um snd Oucurbila Q!)iftnJ will be !"Iyeu. We 
may therefore Mfcly conclude that tile mere Rpp!ication of 
cl!.llstie to the tip does not preyent the rn.dicles from bending. 

lolhe following expel"imellts, the tipl! of youug hori7.0lltal1y 
extended rn.diC\es were jllllt touchoo with a stiCk of dry canstic; 
lind tbis was held transversely, 60 that the tip might be call' 
t('fiscd all TQlln(l311 symmetrically as poI!6ible. The rad.icles 
were thcusllspendedin p,closedYcssol overwa!er, kept rather 
cool, yiz., 55°-5W F. This was dOlle becanse we had found 
that the tips woro more scnsili>o to COlltact nnder R low than 
lllldora high temperature; Rnd we thought that tho ~atlle rule 
might apply to gootropism. In 0110 e .. ~cepliolllli trial, nine 
raqicles (which weI"C mther too old, for they hlld growu to a 
Icngilioffrom8t05cm.), were extended horizonml!y in damp 
friable earth, after their tips hp,d boou CtJ,uteriscd, and were 
kCI)t at too high Il ien 'pcrlltllre, Yiz., of G8~ F., or 2(f' C. Tho 
resnlt inconllCqllenOOwM not 60 strikillgasinthesnb6oqn<:nt 
:,~s; for although when after 'J h. 40 Ill. six of them were 
examined, these did notexllibit any geotropic bending, yet afl.er 
24 h .. when 811 nine were examined, ouly two romained hori­
l'Alntal, two exhibited a trace of geotropism, P,lld fIve ,.,·cre 
~!jghtly or modemtely geotropic, yet not comparable in degree 
,;;th the control specimcus. Marks had boon made on lIeyen of 
these cauterised radicle!! at 10 mm. from the tips, which includes 
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the whole growing portion; and after the 2l h. thill part had 
a m6l.l11 leugth o( ir7 mm., I!O that it had incl'flMCd to mo1'6 

than Si times ita original length; but it .hould be remembered 
tJUlt tilCl(! beallB had been exposed WI mther high temrlCmtuI'C. 

Nilletooll yOllng nadieles with cluteri80d tip, were extended 
II.t difforeut tilll(l8 horizontally over water. In every trial an 
equa.l numberofoontrol specimeu8 ",ere observed. I nthefirst 
trial, tho ti llS of three radiclcs were lightly wllehod with the 
o:aUl:ltic (or G or 7 IICOOnda, which 111'811 a longer 81)plicatiou thllil 
U.$ual. After 23 h. 30 m. (temp. 55°-5{i° F.) tlleac three radicles, 

Fig. 196. 

~ 

~~R 
~~_ :--1 
~,,~ 

A. B. C. 

IIcO<J ftlbtJ,: .1 ..... of radid. which hod ~II utfllded hori ......... Il,. for 
23h.30 .... : A,B.C,tipotoucbed ,,·ithcall.tlcj J),.:, ... tiplllllcaoU­
riMd. Lellglhlo{radid ....... l1O!dloOIl ... b.lf..,.le, Llltbr III aocidellt 
the hellao theroNI •• 110. redll""! ilt the .. "'. dti'M • 

. A, D, C (Fig_ 196), were still horizontal, whilst the three oontrol 
spooimens had beeome within 8 h. slightly geotropic, and 
~trongly ao \D, r~, F) in 23 h. 80 lU. A dot ha.d btxlu made on 
.11 I!ix radieiCII at 10 mm. from their ti\'l8, "'hen first pl~1 
horizontally. After the 23 h. 80m. this terminal part, originally 
10 mm. in length, had increased in the cauteri8ed 6peeiwenB to 
_ lUcan length of 17 ·S row .. and to 15'7 mIn. in the oontrol 
radic1611, loll ehown in the figuree by the unhroken tnlltB\'erf',6 
line; the dotted line being It 10 mm. from the _pel. The oon­
trol or uncallterilled mdides, thcrdore, had actually f!"rowu lelil> 

~ 11 ::! 

© The Com lete Worn of Charles. DarWin Online 



532 S.;NSITIYENESS TO GRAYITATION. CIU.P XI. 

than the eauterised; but this no doubt WlI6 accidental, for 
radielelorditre~nt a.gt!8gro .... atdiffef('nt ratcs,and tbegro ..... tb 
or ditr..,rent individuaill is like ..... ise affoc:ted by unknown ealll'Ct!'. 
Tho state of the tillll of th_ three radic1cs, "'hieh had been 
CIlnlC'rillCO:l for", ratller longer time than uaual, was II.S follows: 
the blackened RfI('lt, orthe pRrt which had i)('oCn actually tonehed 
llr tho CAUHtiC, Will! succeeded by a yellowi~h 7.one, duo prolmbly 
to tho alJ8orption of some of the ('allstic; in A, both 1.0llel! 
~ther wero 1'1 mrn, in length,lInd 1'4 IIUII. in disrneter at the 
i.III.8O of tho yellowish 7.onej in D, the lell~h of both WM only 
0'7 mm., and the diameter 0'7 mill.; In 0, tile length WM 0'8 
10m., and tho diameter 1'2 mm, 

Thl'('O other radiclcs, the tips of which had been touched with 
eaustic during 2 or S 8OOOods, remained (temp. 1)80-590 F.) 
Ilorizootal for 23 h,j the control r&dielCl having, of OOUI'IIC, 
booome geotropic within this time. The lenninal growing part, 
10 mm. in ICllgth, of the eautcri8e<l radichlll had increased. in 
thi.interval to a mean leogth of 2-1'5 mm., Roci of Iheoontrol~ 
to a mean of 26 nun. A IICCtiOI1 of ono of the eauterised. tipe 
Rho"'oo tllat t.he blackened part W!\8 0·5mm. in length,of which 
0'2 mm, extended into th" .egetative point; and a faint dis­
coloration ooul<1 00 detected even to I·Umm. from tho apox of 
therool.-eftll. 

In Rllothcr lot of six radiclCl (temp. 55"--67" F.) the three 
(.'(Introlfl)lOeimelUl"·erep!ainlygootropieiI18th,; and arter21 h. 
the mean length of their terminal pe.n had increased from 
10 rom. to 211nm. When the CIlustic WRfJ applied to tbe three 
Ctluteri9Cd specimens, it Wi!18 held quite motionlet!il during 
5 8CeOll(b, Ilnd the l"CIiult ..... i!18 that the black marka "Were ex­
tremely minule. Therefore, eal1stie ",,"lUI again applied, after 
fll Il., during which time 110 geotropie action had occurred. 
When the specimens were re-examined after an additiollllol 
inter.ft.l of 154 h., one"WaJ! horimntal aud lhe other two showed, 
to our 8\1rpri90, a trace of gootrol)ism which in one of them 
IIOOn afterwards became strongly markod; but ill this latter 
Fpecimen the di.llOOlonrOO. tip W!\8 only I mm. in length, The 
growing Illn of th_ three rndielC8 inereased in 21 h. from 
10 mm. toalllwerageof 16·5mm. 

It ..... ou1d be IlUperflUOUS to describe in detail the behaviour 
of the 10 remaining eanteri.lKld ndieiCl. The oorreqxmd.in~ 
I'<'IDlrollpecimensali beo:-ame geotropie in 8 h. Of the ~uterUed, 
(j were flrat looked at after 8 h., and one alone showed n trace 
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of geotropism; .. were lim looked at aner It h., and one alono 
of thOllll WaIJ elightly gootropic. Aner 23-21 h., Ii of Iho 10 were 
still horiwnlal, 4 Blightly, and 1 deeidodly, gootrol)ic. After 
48 h. IlOmo of Ihem became etr(mgly geotropic. The eauterieed 
radiclO!l increased greaUy in Icngtll, but the mca.!lurewents are 
not worth giving. 

Ali five of the last-mentioned cauterised rtl(liclce had booome in 
21 h.fIOme",·hllt gootropic,thOllO (together with throowhich were 
6till hori:r.ontal) had thcirlXlSitions reversed, IlO tha.t their til>8 
wer() now R IiUJu UI)turned, and they wcre lignin touched with 
caustic. After 24 h. they sbowed no tl'M(l of gootropiem i whereM 
the eight OOI're8llOuding control speeimCDlI, which had hke­
will6boeu l6vel'llOd,inwhich position thetipeofsevcral pointed 
to the U!nith,an becrune geotropic; IIOllUItuningpa8ll6d in the 
21 h. through,an angle of lSOO.oUlers through about 13,jo, and 
others through onl,. 90". The eight radie\CII, which had i)e(on 
twice eauteri8ed, were observed for an additional day (i.e. for48 h. 
after being revel'llOd), and they stills:howod no 6igns of gootro­
])ism. NeverthclOllll, they continued to jrrvw mpiolly; four were 
Il\CMUI'(,d 2J h. after beiug l'O\'ersed, aud they had in thill timo 
ineretuJC(1 in length between 8and 11mDl.; the othcr Cour were 
measul'6d 48h. after beiug roversod,and thCllChad increa/led lJy 
2O,18,23,and28mUl. 

In coIning to a ooneluaion with J'08pect to the elfocl.8 of cauter­
iliillg tire til)!! of the6C radicles, we IIhould bear in mind, 
firstly, that horizontally extended oonlrol radich)lwore .lwaJs 
acted 011 by geotropism, and beeame fIOme1'fhat bowed down­
wllm& in 8 or 9 h.; 8(l(l()Ddly. that the chief _t of the enrv.tnro 
li08atadistl!.n~o(from 8 to 6mm. from the tip; thirdly, that 
tire tIP 1'f1Ul dillCOlollJ'lld by the Cl!oUlltiC rarely fol' more than 
1 mm. in length; fourthly. \hat the greater number of tire Cl!oU­
tcriBOd radieh)8, although lIubjected to the full influCIiOO of 
geotropism during the whole time, remained horizontal for 21 h., 
and fIOme for twice !\.II long; and that th080 which did beeome 
bowud were 80 only ill a lllight degJ'OO; fifthly, that the cau­
terised radich~s continued to grow almost, and fIOmetimCII quite, 
as well III the uninjnrod ones along tlU) purt which bend8 most. 
And IMt]y, that a touch on the til) ""ith callillic, if 011 one side, 
fur from preventing curvature, actually irrduOOll it. Bearing all 
thOllO facta ill mind, ""6 must infer that under normal condition.'! 
the (tOOtropio cnl'vatul'6 of tho rootilldu6toaninlllleD~ttan&­
mitled from the apex to the adjoining ]lftrt whCl'(! tbe bending 
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tll.kespl!l.Ce; and that whell the tip ef the root is C!l.uterise<i it ill 
uuable to originate the stimulus necessary te produce geotropic 
curvature. 

As we lind obBen'ed that grease was highly injurious to 60me 
plants, we dctermined to try its effocts en radicles. Whcn the 
cotyledolls ef l'hal&ris alld A .... ella were oovered .... ith grease 
tdong one aide, the growth of this side 'HIS quite stopped or 
greatly chocked,and as the opposite side oontinued to grow, the 
cot~'ledons thus treated becamo bowed towards the groosed. side. 
This same matter quickly killed the delicate hypoootyis ami 
young leaves of certain plants. 'fhe gro&'lO which we emplo~'ed 
II"fIlI made by mixing lamp-black snd olive oil to such a oon· 
siB\enoothll.titoould be lllid on in a thick layer. The tips of 
five radieles of the bean were 006.tod with it for a length of 
8 mm., and w our surprise this part incroa.sed. in length in 23 h. 
10 7·1 mm.; the thick layer of grease being curiously drnwn 
out. It thus oould notlJa"echooke<:i mnch,ifat lll1,the growth 
of the terminal}lllrtoftho radicle. Withrespoottogeotropi..sm, 
the tipil of 8O~ell horizontally edended mdicles were 006.t.ed for 
a length of 2 mm., and llfler 24 h. no clear difference oould be 
pereeived between their downwanl cUn'ature and that of an 
equal lIumberof control specimens. 'l'he tips of33 other radic\C9 
were ooate.:1 on different OO(l9.Ilions for a length of 3 mm.; and 
they were eompared with the controls after 8 h., 2-l h., and 41:1 h. 
On one OO(l9.Ilion,afler 24h.,there was verJ' little difference in 
curvature betwoon tho grea.sed Rnd control I\pooimens; but 
genernlly tho difference was ullmistakable, those with greased 
tips l)Cillg collsidel1lbly lCSl! cnrved downwards. Tho whole 
growing rl&rt (the greased tips illcludooI) of six of these rndic1ea 
was measured and ,me fOllnd to ha .... e increa.sed in 23 h. from 
lOmm.to a lnooulength of 17·7mm.; whilst the corresponding 
partofthccontrolshadinct"08oSOdlo2O"8mm. ItappeRrIlthero­
fore, that although the tip itBelf, when greased, oontinuCli to 
grow, yet the growth of the whole radicle is 6Omowhat checked, 
(llld that the geotropio curvature of the uI)per part, whieh WM 

(roo from grease, was in most MBeII oonsidernbly lOilOOned. 
PMJJ.TII. wtivum.-Five rndicles, extended horizontally over 

water, had their tire lightly touched two or tllree timos with dry 
caustio. These tire were measured in two CfI.808, anoI found to 
beblu.ckened fora length of only hulC a millimeter. Fi .... eother 
radicles were left I.IS oontrols. The}lllrt which is mOilt bowed 
through gootrol)ism lies at a distanoo of severnl millimeters from 
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the apex. After 2{ h., and again afler 3'2 h. from tile oomment'e­
Ulelll,fonfof the cauterised radick'll were still hori:wutat,bnt 
oue wae plainly geotropic, being inclined al ,,-:;0 beuellth the 
horizon. The fh'e ooutrola were iIOlIl{'whatgootropic after 7 h. 
20111., and aner21 h. 'If(,r6 allstrol.lgly geotropic; being inclined 
at the following anglel! beneath the horiwu, ,·ix., 6!F, 00"', 6;}~, 
57,aod"-3". Thelenglhoftherll(ii(:lesll'uootmE'ftlOun'din 
either Mlt, but it wu lIlani(t16t that the rlluterilled ratliel~ had 
I;'l'owu gf\'lltly. 

Til" foUowing ('aBC I)ron!il that tile Mlion or the ('austic h~' 
il~lr d()(\IJ not prev('nt the curl'atnTeO( the mdiclc. "'en mdidc8 
,,'('ro eJ:tendt:d horiwutalty 011 aud bellCRth a lll)cr of damJl 
friahle pw.t-esrth; an,ll>efore being extended their tllll! ,,','re 
touched with dry <'&nstic on the upper lIitlo. 'l'~n otl!;!r nu:licle< 
silllilarlyplacOO wero toucheJ on the lowereide; autl this 11'011],1 

t~lld to ruake Ihemhendfrom the ('Rnt£'riSi'd side; IIwl theN'fore, 
1\8 now placed, upwardll, or ill opposition to ~'l.'(ltrol.U.llI. l~.,.tlr. 

ten uuCftnteriscd rl\(h~leswereextelldedhorizontjdlyft8ooutro]!!. 
Afler2-1 h. all the IlIttcrwere geotropic; and the tCll with thcir 
tilll! C8nteritled on too upper 81de wel'\"l e."luaUygoolrople; IIUtl 
lI"e believe that they became cnr .. ed downwards herON the ron­
trol8. 'L'h\! len whirh had been cauterised 011 th\! low£'r aide 
presenled a. widely different al)peamnoo: r.;o.l, hOIl'o\'cr, lI'a~ 
r)('rpeDdicularIY~lrol)ic,buttlli8wa8norrolcxooptiou,roron 
examination nnder the lIlicl'OIlC()lIC, thero WBIl no v<'oltige of 
a ooloured llIark on the tip, and it 'I\'a/! c,.ident Ihnt by a mi@tllke 
it 11M not beeu tOllChed with the rail-lie. No.2 ma I)tninty 
b'l.'(ltropie,heinginclinoolltabout45°bcncaththehori7.ou; No.::! 
Will! slightly,lInd No." only just perceptibly gootropic; Nos.5 
lind ijwere strictly horizontal; Il.udtllcfour remaiuiugon{'8wcro 
ooll'ed UP""lIrdi!, in oppoeitiou to j.,'l.'(ltropi.lml. In tl'''iIt:l four 
CfISCi tbe nuliUll of the upward Cllr\'lIturee (acoordiuj.\ to SachM' 
cyclometer) wa.a6mm.,lOmm., 30 mill., and 70 mill. Thi, enr· 
"atlll'8 WQS distinct long before the 2l h. had eltt.psed, IIl1mely, 
nftcr 8h. "-5m. fffim tho timewhcu tllO lower sidtw of the tipa 
were touched with the call~tic. 

1"II~N'f.Iit<. mt<llijlQr .... -Eight radielCll,lCr"ing a.e oontrola, were 
extended borizontally, fIOme in dsmp friable I_t and eome ill 
damllair. Tbeyallbeeame(temp. :'0'·21° C., plait"y ~ 
tropic in 8h. 30111., for they tben stood at,Ul a.vcmge augla ofij~P 
hClloath the horizon. A rnther greater leugth of the nl(iJe!e ill 
holl'~'d downwards U)' geotropislIl tlmu ill t],o case of I'ici"i"bu, 
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thlt is to lilly, ratliermoro than 6mm. lioi:i meal!lIred from the apes: 
of the ~p. Nine other mJicleil \lW~ similsrlyextended, 
throe in damp pent and six in daml) air, and dry caustic Wall 
holtl transversely 10 thoir tiplJ durillg 40r 5f1OOOlIo:IS. Thrwof 
their tip!! wcre anCTWllr.:"clIlruinod: in (1) .. Iongth of 0'68 mm. 
Wl\8 discoloured, of which the bRaal 0'136 mm. Wall yellow, the 
.pira! part. beiIl\{ blM'k; in (2) the di800loraliou "'all O'w mm. 
illien¢;h,ofwhieh Ihe ,*-1 O·04mm. WIUI yellow; ill (3) thodi8-
ooloralioll \I1I80·6mm. iii length,of ""hieh tlle ba..al fr18mm. 
Was yellow. Therefore leeslhall 1 rum. Wall atrcctcd by the <lalllilic, 
but this sufficed almost ",·hoU,. to pre"ent geotropic action; for 
flfulr 2-1 h . one alone o( the nine cauterisod radiel08 became 
slightly gootropic, being now ineliuod at 10" beneath the horizon; 
the eight othen remained hori7.(llital, though ono WILlI cunod a 
liHlellltenlly. 

The termin&! part (10 lIun. in lengtb) of Ihe six tauterillCd 
radiclea ill the dawp air, had more than doubled ill ICllgth ill 
the 2l h., for this ])Ilrt was now on an avc.rago :.1)'7 mm. long. 
The increa.re in length ""ithin the SIllIle lime was greatcr in 
the control spocimcnfl, for the terminal l)(!,rt had grown OIl an 
Iweraga (rom 10 mill. to 26'6 mm. But a8 the eautcrieed 
mdielCll had more than douhled their length in the 21 h., it is 
lIlanifest that they had oot bocu seriously injured by the 
(,lHl8tic. We lIlay here add tlll"t when es:pcrimcnting on the 
,·treels of touching one side of Ibe tip with enu.siic, 100 much 
1\/111 applied at fint, aud Ihe .hole tip (bnl we beliel'" not more 
than 1 mm. in lcngth) of IIix Iloriwntally extended radiclea '111118 

killed, al1d thetiC oontinued. for two or throe daye to grow out 
horizontally. 

ManytJ'inls were nwle,byooating the lipe of horizontally 
~s:lended. radiele!! with the before dCIICribed thick groa.I!C. 'l'ho 
~ootroJ)io curvatnre of 12 radiclC8, which were lima coated for 
" length of 2 mm., was delayed. during the first ij or 9 h., but 
after 2.t h. WII8 nearly u great l1li that of the oontrol 6peci­
IlIellll. The tipa of nine m<liclea wereooatad (01' a leugth of3 mm., 
Jl.lld after 1 h. 10 m. thaae 8100d at an a"emse angle o( SO 
hUlleath thehorizon,whillJt the oontrols slood at an averagaof 
{W' , After 2·1 h. the h'o 101:.11 differed but little in their dogree 
of curvature. In 110m., othertrials,howevcr,therewaIIa.fairly 
woll-marked difforenco aftor 21 h. between thOl!6 wilh greased 
lips and the oontrul ~. The terminal part of eight oont.rol iSpeCi­
mell' increased in 21 h. from 10 mm. to a mean length of 
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21'S mm., whi18\ the mean incnlS86 of thollo with ~ tipe 
WM 20'7 mill. Tho grease, therefore, alightly chocked the 
growth of the terminal part, but thia parl w~e not lDueh 
injured; for leveral radielea which had ban grcaaed for a 
length of II mm. continued to grow dunilg IlOveu dap!, and were 
then only a little IIhorter than the conlrol/l. The nppcaranl'lll 
pfflICntcd by thC6(j radiclC11 after tlu'! 1lO\'en days WlI.8 Ycry 
curiOIlIl, tor the bl~k greo.se lu~d boen drawn out into the finest 
longitudiual strife, with dots and reticulations, which covered 
theirsurfaoe. for o.lcngth of from 26 tooll mill., or of Ito 
1'7 inch. We lDaytherefore conelude that gl'OllllG on the tips 
of the radiclll8 of lilie l'hMOOIWi solDCwhat delaY' and lessens 
tho geotropio curvature of the INlft which ought to bend 
mOilt. 

(,(jw!lpiM¥Il ~Mrn.-The raJiclce or thie 1)lal1t bend, 
through the action of gootropism, fora lcngthof Ilbout6mlO. 
Five radiclos, placed hori~ontally in damp air, had tbeir tipll 
touched witb caustic, lind the dillOOloration Cltcnded for a 
length of from J to 1 lum. They showed, "'fter 7 h. ·15 m. and 
lIjmin after 23 h.,lIot!l tract) of gootropismj yet tho tenniual 
portion, !l 111m. in length, hod incret\8C(1 ou IITI aVerage to 
15'!! mm. Six oontrol mdichlll, nfter 7 h. 45 m., were nil plainly 
g-..otropic, two of them being \'ertically dependent, aud after 
23h.1111 "'CN\·ertirol,ornrorlyliO. 

Cuc",b,t(l fJl1if""".-A large unmber of trials Ilrovcd alm06t 
11.110:1_, from the tbroo following caU8Cfl: }'irfltly, the tips of 
radicle. which have grown aome'll'hllt 01,1 are only feehly gro­
lropic if kept in damp air; nor diol "lVe suct"OO<l well iu onr 
e"XIMlrimcnU, uutil lhe genuinating ecede .... ere placed in peat 
and kept lit II ratbcr high tellllMlratnrc. Soeoudly,thohypoootyia 
of the 1It.'()I,1~ .... hich were pinned 10 the lids of the jars gradually 
IlIlCalllCarohod.;ami,WltlleootyledonBwcrefixed,thomovcment 
oflhe hypoootylaffootod. the position of the mdide, and caused 
oonfusiOIl. l'hirdly, tho point of the radiclo is IJ() fine that it ill 
difficult not tocallterisc it either too umeh or 100 littlo. But 
wo nlllllag(l(l ~'CuemUy to overcome this InUer difficulty, 118 tho 
following eXI:MerimclIl3 sho"·, which are gi\"cn to provo that a. 
touch with oaustic on ouo side of tho lip dOOll not preYCDt the 
upper part of the radiclo from loen,ling. Ten ra,dicles were laid 
hori:ronWly bone.tll .nd nn damp friable I_t, and their tip8 
were touchod ... ·ilb e&ll8tie on the upper side. After tI h. all 
""re pl.inly b'OOt.ropiC. three of llif'w rocta.ngularly; alter 19 h. 
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all were strongly geotropic, rn06t of them pointing perpen­
dicularly downwAords. 'fell other radicle!!, similarly pla.cOO, hlltl 
their tip!! touched with caustic on the lower side; after 8 h. 
threo were slightly geotropic, but not nearly !lO milch so as the 
Icast geotropic of the foregoing ~pecimen8; four remained hori­
~.ol\tlll; Aoud throe were curved upwards in opposition to geo­
tropisw. After 19 h. the tllf"(!e which were slightly geotropic 
had become strongly eo. Of the fonr horizontal radiclcs, one 
alolle showed a tmoo of j:!OOlropism; of the three up-cnrved 
rndiclCl!, one rclained this curvature, and the other two hllli 
beeomehoriwnta1. 

The I"Il(UclCl! of thi" pillut, /IS already remnked, do not succeed 
well in damp air, but the result of one trilll m .... y be briefly 
given. Nine young mdic1es between '3 Ilnd'5 inch in length, 
with th"ir tilllJ cauterised amI blackened for a length ne,'er 
exceeding i mm., together with eight control specimens. wen) 
exlcnded hori7.ontally ill damp air. After an interval of only 
4 h. 10 ffi. all the controls were slightly geotn)pic, whilst not 
one of the cauterised ~pooimens elhibited II. truce of this aclion. 
After 8 h. l:l5 m. there was the 8IllIle difference between the 
two scI:!!, but fllther more strongly marked. By thill tilll!.' bAh 
sets had incretLSOd gre>llly in length. The controls, howe"cr, 
neYer bcealne lIIudl more cUn"ed downwards; lind after U h. 
\llere WIIS no great difference between the two IKlts in their 
de.c;reeofenn·ature. 

Eightyouug rw:lides of nearly oqual lellgth (avemge '36illch) 
were placed beneath and on pent-eu.rth, and were uposed to 11 
telllp. of 75°_76° F. Their tips had been touched transvel"llCly 
with cllu~tic, IIml five of th(:m were blackenoo for a length of 
nbout frfi mm .• II'hilsttlJeother threell'ereonlyjllstvisiblydi~­
coloured.. In the same box there .... erel5 control mdiclC!!, mostlr 
abont '36 inch in length, but !lOme mther longer and oMer,lInd 
therefore ll)ll.lloomritive. After 5 h., the 15 control mdicles were 
III! lUore or ICIlI'I g€otropic: IIfler9 b ., eight of thelUII'erebent 
dOll11bencath thehori7.0n lit '·ariOilljauglosbet .... een45° and 90", 
the remllining se\'en being only slightly gootropie: after 2.; h. all 
were rectangularly geotropic. The stille of the eight cauterised 
rndiclCl! after the II/une iulenals of tillle Will! III! fol!o"s: after 
5 h. one Rloue Will! slightly geotropic, and this wlla one with 
the tip only II. very littlcdi8CO!onred: aflcr9 h. the one just 
mentioned WIIS rectangularly gcotrol)ic, lIud two otheTll wer6 
slightly 110, lind these were the three Wllich l]fIu been scllICCly 
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affected 0,. the caustic; tho other fh'o were still Ihictl,. bori­
wntl!. Afier21 h.40m. tho thl'('O with only slightlydiseolourOO 
tipI were bent dowlI ~tanglllar!y; tho other flvo wcro not in 
t'IO !C/l.Bt affected, but fIQ\'ernl of them had grown ro.ther tor­
tuolIll!y,thQugh stilliu a horizontal plano. 'l 'heeighteauteriood 
r.ulielea which had at first a Dlean length of '86 inch, after 9 h. 
had incrt.ased to a mcan length of '79 inell; and after 24 h. 
40 m. to tho eJ.traordinary m~ length of 2 inehes. There 
wae no plain difference in length between tho fife wcll cau­
terUed rndiclCfl which relllllillod horizontal, and the three -.nth 
slightlyetlulerised tips which had becomo abruptly bent down. 
A fow of tho oont rol rndi('\e3 wero metl!lured after 2.i h., and 
thcy wen) on au In·erA.:;tJ oulyA. little longcrthnn thocallterised, 
"i7.., 2'19 inches. We thus 8CC thM killingtheCJ.tl'ClUe tip of 
the rndielo of this I)lnnt for a length of about o·[) mm., though it 
slopllth6gootropieoondillg of tJIIl ullperpo.rt,hardly interferes 
with the growth of tho '\\'holo l'a(ticle. 

I n the .. me box with the 15 oontrol specimelUl, the rapid geo­
lropio bending and growth of which Ila\'e just been deacribed, 
then) ,,'(Ore l!ixrndielell,aOOllt'G inch in lengtll,CJ:tendod hori­
zoutal1y, from which tho IiplIlUJ.d been cut off in 0. tmn8"erso 
direction for a length of bArely 1 mill . ThC1j6 radiclcs wore 
c18l1linod after 9 h. aDd lIW'in aftor 21 h. 40 In., alld they aU 
remained horizontal. They had Ilot becomo nearly 80 tortuous 
18 th08(l aooyo deec.ribcd which had been caut.,rlood. Tho 
radicloe with tbeir tips cut off' had grown in l11e !! I II. ·W m. 118 
much, judb"ing by the eye, 113 the cauterised svecimcnll. 

lea ItV'SI,.-The tillS of /Mweral radiclCfl, eIi~nded horizontally 
in dallll) air,werodriod with blotting-pu.Jler o.ud then touchec:! 
in tho tirst trial during II or a l\(l(lOnds with dry canstic; but 
this Wil li too long a ooutact,fortlte tipil wero blackcnod for Il 

lCllgth of ratller abovo 1 mill. They 6howod no signa of geo­
trol)ism after an intcr\'al of !Ill., and were Illen thrown away. 
In a /MlOOnd trial the tips of three rndicles l',cre toucbed for a 
e1lorter timo,lInc:! were blackened {or a longth of from 0'5 to 
0'7,; nun.: they all remained horizontal for 4 h., but after ~ h. 
:w m. one of thom, in which the blackened tip 11'113 only 0'5 10m. 
in length, Willi ine\iued at 210 beneath tho horizon. Six COll ­
t rol radiclCB all boca.III0 slightlygootropic in 1 h., and _trongly 
80 after 8 h. 30 Ill., with tho cllief seat of curvature b'C1lCraUy 
bet\\'oon6or 7 mm. from thoaJle~. Inthecanleri.oo81J(lCimens, 
the tenuina.l growing part, 10 DlID. in length, increMOd d uring 
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the 8 h. SO m. to a. mean lengtb of 13 mm.: and in tIle controls 
10143mm. 

In 110 third tria! thetipl! of lh-eJ'fldiclcs (e:q)(llJC(1 to 8. temp. 
of 7Q'>-7t ') were touched with Ihe caustic only onoo find very 
Rlightly; they were afterwurds elll,mined under the miel'Ol!COpe, 
fl.nd the purt whieh was in uny wuy discoloured Willi on all 
aVOJ'flge '76 mm. ill length. After 4 h.10 m. none were bent: 
after 5 h. 45 m., and again after 23 h. SO In., they still l'I)!u(lined 
hOrizolltal,eIC(:I)tillg one wldeh was 1I0W inelined 200 bencath 
Ihe horizon. The terminal part, JO mm. ill length, had in­
creased greatly in length during the 23 h. 80 m., viz., to an 
Il\'e"'b'll of 2(; mm. Four control mdiclCtl became slightly goo­
tropio after tho" h. 10 m., and plainly I!O after tho [; II. 45 m. 
Their mClln lell;;lh after the 23 h. 30 Ill. 111:1{]. illcrmsed from 
10 mm. to 31 rum. 'rhorofore II slight cauterisation of the tip 
ehooks slightly the growth of the whole radicle, Slid manifestly 
stops the bending of that pIIrt which oUfrht to bend most ullder 
the influenoo of geotropism, and which still continues to 
increaso£leatlyinleugth, 

Concl!uling Remarks,-Abundant evidence hiLS now 
heen given, sho\\ing that with various plants the tip 
of the md icle is alone sensitive to geotropism; and 
that when thug excited, it causes the adjoining parts 
to bend. '1'he exact lenglh of the sensitive purt seems 
io be somewhat variable, depending in part 011 the age 
of the radiclo; but the destruction of a length of from 
less thun 1 to 1'0 mm. (about n th of an inch), in the 
severnl species obsen'ed, gencnllly sufficed to pre\'ent 
any part of the radicle from bendillg within 2.J: h" or 
eyen for a lunger period. 'l'lw fact of the tip alone 
being sensitive is so remarkable a fact, that we wi ll 
here gi,'e a brief summary of the foregoing eXIX!riments. 
Thc tips were cut off 2U horizontally exiended radicJes 
of VicUt faOO, and with a few exceptions they did not 
become geotropic in 22 or 23 Ii" whilst lmmuiilated 
radieles were always bowed downwards ill 8 or 9 h, It 
should be bome in llIind that the mere act of cutt ing 
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off the tip of a horizontally extended radicle tio(!s lI(>t 

pnmmt tho tuljoining parts from bending, if the tip 
htU! been previously eX IXISOd for 811 hour or two to the 
influcnce of geotropism. The tip after mnputntion is 
sometimes completely rcgenerated ill three days; anti 
it is possilJlo tllnt it may be nlJlo 10 Irnnsmit an 
impulse to the adjoining parts l>efore its complete 
regellemtioll. The tips of six fI\dieles of Cucurbit(~ 
ot'iJera \Iero amputated like those of l'icia /tWa,. and 
these radiclcs showed no signs of gootnJpi..~m in 24 h. ; 
wherens fho control specimelUl lIere slightly nlTeeted 
in [) h., ami strongly in 9 h. 

With plants belonging to six genem, tho tips of the 
nl(liclcs were touched trnnsl'ersely with dry caustic j 
!iIld the inju ry thus CIlused mrely extended for a greater 
length limn 1 mm., and sometimes to n less distance,!'IS 
judged by el'en the fnintest diseolorntion. '''0 thought 
that this lIould be a better method of destroying the 
"egetnth'o point than cutting it 011' j for 11"0 know, from 
many prel'iolls experiments and from SOIllO given ill 
tho pl'CSf'nt c1.mpter, that n. touch with clI\lstic on ono 
side of tho llP(U, fur from prel'cmiuA" tho tuljoining" 
plitt from bending, Cilused it to lx'ud. In nil the 
folloll'ing cases, rnmcles with llnCllul(>riscd tips were 
observcd at tho same time and under similur eircum­
stanccs, and they became, in ahuO'It c"ery inslanl..'e, 
plainly bowed dowllwnrds in one-half or one-lhird of 
the time during which the clluterised sl'l..'Cimcns were 
oOserved. With Vicia faba HI flldid('s lI"('fe eau­
t('riscd j J2 remai.ned horiZOllt!l1 during 23-24. h. j 

() ix>eam(' slightly and J strongly geotropic. Eight of 
these radicles Ih'r(' afterwnrds reversed, and again 
tOllched lIith caustic, and 110110 of them bceamo goo­
tropic ill :H h., whilst the reycrsed control specimens 
lx'ClIme strongly boIled downwards lIirhin tilill time. 
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\"ith Pisumsalivum, five1"<ulicles had their tips touched 
with caustic, and after 32 h. four were still horizontal. 
'fhe control speci mens were slightly gootropic in 
7 h. 20 m., and strongly 8() in 24. h. The tips of 9 other 
radiclcs of this phmt were touched only on the lower 
side, nnd 6 of them remnined horizontal fur 24 h., or 
were upturned in oppositioll to gootropism; 2 were 
slightly, and 1 plainly geotropic. With Phasoolll$ 
mult~tlor!l8, J 5 radicles were ctmteriscd, lind 8 re­
mllined horizontlll for 24. h.; whereas nil the controls 
were plainly geotropic in 8 h. 30 Ill. Of 5 caul.€rised 
rodicles of G081f1jpiu1II her"baceulll, 4 remllined horizontnl 
for 23 h. and 1 becnme slightly geotropic; 6 control 
radicles were distinctly geotropic ill 7 h. 45 m. Five 
radiclcs of Oucurbita ouifera remained horizontal in 
peut-carth during 25 h., and !} remained 8() in damp 
air during 81 h.; whilst the controls bec!Une slightly 
geotropic ill 4. h.l0 m. The tips of 10 radicills of this 
plant were touelled all their lou:er sides, and 6 of 
them remained horizontal or were upturned after 19 h., 
1 being slightly and 3 strongly geotropic. 

Lastly, tho tips of sc\'erul radicles of Vidajaba und 
Pliaseo!us 1IIUltiJlorU8 were thickly COl.lted with grease 
for a length of 3 mm. 'l 'his matter, which is higilly 
injurious to most plants, did not kill or stop the growth 
of the tips, and only slightly lessened the rate of 
growth of the whole radiclc; but it genernlly delnyed 
a little the geotropic bending of the upper part. 

Tho sevoral foregoing cases would tell us nothing, 
if the tip itself was the part which bewmo most 
bent; hut we know that it is a part distant from the 
l ip by some millimeters which grows quickest, and 
which, under the infiuen{.'C of geotropism, bends most. 
We have 110 reasoll to SUPI)QSC that this part is injured 
uy the death or iniury of the tip; and it is certain 
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thnt after the tip hIlS boon destroyed this port gocs on 
growi ng tit such t~ rate, that its length was often doubled 
in u duy.\Veluwe also seen that the destruction of the 
tip <lOCi! not prevent the adjoining part fro m bending, 
if this pun has already received SOUle inHuenoo from 
the tip. .As with horizon tully extended n\(licles, of 
Ilhich the tip has Ucen eut 011' or destroyed, the p .. 'l.rt 
Ilhieh ought to hcnd most rem!lins motionless for 
muuy hours or days, although eXj:MJSed at right augles 
to the full influence of gootropism, we must conclude 
thtlt the ti p Illone is IICllsiti,'e lu this power, and trons­
mils some influenco or sti.mulus to the adjoini ng parts, 
cilusing them to bend. We 11IL'"o direct evidence of 
slIeh transmission; for when a rudiclc was left cxtended 
horiwutally fo r un hour or lUI hour and II. half, by 
which time the supposed influence will hn.l"e t"",eUed 
!l little distancc from the tip, !lIId the tip WIUI then 
cut off, the radicle afterwards boolUl\o bent, although 
pbced perpendicu larly. The terminal portiolUi of 
several rndidcs thus treated routiuued for some time 
to grow in the direction of their newly-acquired cllrm­
lure; for as they were destitute of tips, they were no 
longer acted on by geotropism. But after three or 
four days whell 1l0W vegetative points were forlllt'd, the 
mdides wero again adoo 011 by geotropism. iUld now 
they ClUVOO themselves perpendicularly downwards, 
'1'0 800 anything of the aoo\'e kind in the an imfll 
kingdom, we should have to suppose that an animal 
whilst lyillg down determined to rise lip ill some par­
ticular direction; nud that after its uead had boon cut 
oil', all impulse continued to travcl vcry slowly along 
the ncn'es to the proper lIluscles; so that after seyend 
hOnTS tho headless anlnll\.1 roso lip in tho predeter­
mined direction . 

• \..s tho tip of the radicle hM been found to 00 the 
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part wliieh is sensili" e to geotropism in the members o( 
snch distinct families as the J~cgumill 08ro, ::\lalvueell" 
Cueurbitnccre alld G rlUllillcro, we may infer that this 
('hlltllcier is cOlllmon to the roots of most Meedling 
plant~. Whilst a root is penetrating the ground, the 
lip mnst tf'"J.\'el first: nnd we can see the adnmtage of 
its being S(>nsiti,'e to geotropism, Il.8 it hIlS to deter­
mine the course of the whole root. ,,' bene,'er the tip 
is defll'("cd by any subterranean obstacle, it will also 
be nil 'Hlnmtage thllt It considerable Icngth of the root 
should be able to bend, more esp(>('i 't ll y ilS the tip 
itself grows slowly Htld bends but little, so that tile 
pro[lCr downward course Illay be soon rccoW'red . But 
it appears at first sight immaterial whClh('r this were 
('freetcd by the whole growing part being sensiti,'C to 
gootropism, or by 6n influence transmitt('(1 (,xclusively 
from the tip, "'0 should, 11owe,'er, renumher tbat it 
is the tip which is scnsitive to the (.'ontuct of hard 
objects, CIlusing' the rndicle to bend (lwlly from them, 
thlls gu id ing it along the lines of least r~istance in 
the soil. I t is aguin the tip which is alone sensitive, 
at least in SOIll(' ('tuICS, to moisture, causing th(\ 
mdicle to bend towardll its SQUI"(,'e, Th{'8e tl-lO kinds 
of 8ClIsitiveuess conquer (or il. time tbe sensitiveness 
to geotropism, which, however, ultimately prevai ls, 
Therefore, the three kinds of sensiti"eneSil must of tell 
('OIllC into IUitagollistll; first one )Jf(','aili ng , and then 
Huother; and it would be an ad\'antagf', l)Crlmps a 
necessity, (or the interweighing and reconciling of 
these three kinds of scnsiti,'cness. that they should 
be nil localised in the same group of cell s wbich ha"e 
to tnlllsmit tIle eommnnd to the Ildjoinillg parts of 
the f/ldicJc, cll.lIsing it to bend to or frOIll the source of 
irritation. 

Finally, the (act of the tip 0.1011 (> being scnsiti"e to 
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the attJ'I\Ction of gravity has au importllnt beuring: on 
the theory of geotropism. Authors seem generally to 
look at the bending of a radicle towarda the centre of 
the earth, Il.8 the direct result of gravitation, which is 
believed to modify the growth of tho upper or lower 
ilurfaces, ill such n manner as to induco Clln'ature in 
the proper direction. Dut we now know tllllt it is the 
tip fllono IIhich is acted on, and that this l)(I.rt trans. 
mits 80IIIe influence to the adjoining parts, causing 
them to curve downwards, Gravity does not apl>ear 
to act in a 1II0re direct manlier 011 II. radicle, than it 
does on 1111)' lowly orgallise<1 animal, \\bich mo\'es 
IHl'Ily when it feels some weight or pressure. 

2 x 
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CHAPTER XI!. 

Nlltnre of the cireulDnulftUng mOl'cmeot-Hidory of a germinating 
_ I_ The ",dido /lrsl protrude. lind dreumnntatc._ ltil Iii' 
highly lOullitlvo-l':nwrgenoc of the hYl'ooolyl "rof Iho cpie...tyl 
from the ground under the r"rm of Iln areh- ll.eireumnu18lion 
and Ihd or the cotyledon-The ~ling Ibro ... nl' a INC·baring 
Ikm-T he cireumuutallon of all the pan.. or orgao.-Modifled 
eireumnntation-l':l'ina..t,. and hyponaaly-1TOl'Wlenlft ofclimbin~ 
I'lantl-Nydilruplo n>O«:me:ntl-~lol'emen'" exeilffi: by light and 
gruila(ion-LoealillO'llCIl<>ilil'eneell- Heaemblanotl bet.-een the 
1OO1'emeuu of plantl and anlmall-The lip of lile radide Ilcl.Ilike 
a brain. 

IT may be useful to tho reader if wo uriefly sum up 
the chief conclusions, which, I\S far as we can judge, 
bln'e been fairly well established by the observations 
given in this volume. All the parts or organs in 
o\·cry plant ",hilst they continue to grow, fl1ld some 
parts which are provided with pulvini after they have 
ceased to grow, arc continually ciroumllutnting. This 
mo\'ement commences evon before the young seedling 
hIlS broken through tho ground, The nature of the 
mO\'Olllent and its causes, 9.8 far as ascertained, hal'f" 
been brieHy dCllCribed in the Introd u{'tion . Why 
oyery part of a plant whilst it is growing, and in some 
cases after growth has ceased, should i1f\\'e its cells 
rendered. more turgescent and its cell-walls more 
cxtcnsile first 011 0110 side and tuen Oil l\!lother. thus 
inducing circumnutation, is not knowlI. It would 
ItPIK'ftf I\S if the ChaU~Ci in the colis required pcriods 
of rest. 
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In some cases, n.s with the llYl>ocotyls of BrltSsica, 
tho leaves or Dionroa and the joints of the GraminelC, 
the circllllllllltating mo,'cment when viewed under the 
microscope is seen to consist of innumemble small 
oscillations. The part under obsermtiou suddenl y 
jerks forwards for a length of ,002 to '001 of lUi inch, 
aud then slowly retreats fo r a part. of this distance; 
after a few 8000nds it again jerks forMrdll, but with 
many intermissions. The retreating movement appa­
rently is due to the elasticity of the resisting tissues. 
now far this oscillatory movement is general we do 
not knOll', as not mnny circumnutating plants \fere 
obsened by U8 under tbe mierQseope; but no such 
movement could be detected ill the cilse of Drosera 
with a 2-illch object-glass which we used, Tho pheno-­
menon is a remarkable one. 'fhe whole hYl)(lCOtyl 
of a cabbage or the whole IMf or a Dionll!a ('onld not 
j erk forwards ullleS8 a ,'cry large mnnber of cells on 
one side were simultaneonsly affected. .Are wo to sup­
pose that these cells steru:lil y become more and more 
turge:w::ent 011 one side, until the part. suddenly yields 
and bends, inducing what may be coiled a micro­
scopically minute el\rthqllilke in the Illflllt; or (10 the 
cells on one side suddenly become turgescent in an 
intermittent. manuer; CftC'h forward 1ll0\'emellt thus 
ci\used being Ollposed by the elasticity or the ti&:!llcs? 

Circumnutution is of paramount importnnce in the 
life of every plant; for it. is tllfough its modification 
that many higWy beneficial or necessary movements 
have been acquired. When light strikes one side 
uf a plant., or light changes into darkness, or whcn 
gr!l.\'itatiun acts on a displaced part, the 1'lllnt is 
enabled in BOrne unknown manner to incren.se the 
always vnryillg turgescence of the ("ClIs on one side; 
so thaI. tho ordinary circnmnut.o.ting movement ii) 
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modified, and the part bends either to or from tho 
exciting cause; or it may occupy 0. new fJ08ition. Il3 

in the lMH'alled sleep of lawes. '1'he influcll(.'C which 
modifies cireumnuffition may be transmitted from OIlO 

part to another. luoato or cOllstitutional changes, 
indcpcmlently of Rny external agency, often modify 
the circllmnutating movements at porticulil.r periods 
of the lifo of the plant. .As circumllutation is uni· 
vel'SRlly present, we can understand how it is that 
mOl'Olllenta of the 8(l.me kind have been del'eloped in 
the m()llt distinct members of the "cgctable series. 
But it must lIot be supposed that all the IUQyemcllts 
of plants arise from modified circumnlltatioll; for, us 
we shall pNlScntiy sec, there is reMon to believe that 
this is not the case. 

Having made those few preliminary relllarks, wo 
will ill imagination take 1\ germinating seed, and con­
sider thc pllrt which the yarious moyemcnts play in 
the life-history of tim plant. The first change is the 
protrusion of the radicle, which begins nt once to 
cirollrnuutatc. This movement is immediately modi­
fied by the attraction of gnlyity Ilud rendered geo­
tropic. The radicle. therefore. SUPfM)sing the seed to 
be lying on the surface. quickly bends downwards. fol­
lowing a more or lell spirol course, as was seen on the 
sllloked ginss-illatcs. Sensith'enell to gnll'itatioll re­
sides iu the tip; nnd it is the tip whieh tronsmits 
some influence to the adjoining llilru, causing them 
to bend. As soon as the tip, llroteeted by the root­
cap, reaches the ground, it penetrates the surface. if 
this be soft or friable; and the act of penetration is 
I!.Plliln:mtly aided by tbe rocking or circumnutilting 
moyement of the \\'hole cnd of the radielc. Jf the sur­
face is compact., and caonot easily be penetrated, then 
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the seed itself, unless it be a hoa,'y one, is displaced 
or lifted up by the continued growth and elongation 
of the radicle, But ill a state of nature 80008 often 
get co\"erod with earth or othor matter, or filiI into 
crevices, &e., and thus Il point of resistance is afforded, 
and the tip call more easily penetrate the ground. 
But even with seeds lying loose Oil the surface there 
is another aid: a llIultitude of excessively fine hairs 
are emitted from the upper part of the radiele, and 
these attllch themselves firmly to stones or other ob­
jects lying on the surface, nml can do so e\'e1\ to glass; 
and thus the upper part is held down whilst the tip 
presses against alld penetrates the ground. The 
ilottnchment of the root-hairs is effected by the lique­
faction of the outer surface of the cellulO8C wall8, and 
by the subsequent setting hard of the ljquefied matter. 
'I'hia curious pfOCCSIl probably takes place, not for 
the sake of the attachment-of the radicles to 8uperflcial 
objccts, but in order that the hairs may be brought into 
the closest contact with thc particles in the soil, by 
which llloons they can absorb the layer of water sur­
rounding them, together with Ilony dissolved matter. 

After the tip htl.8 penetrated the ground to a little 
depth, the increasing thickness of the radicle, together 
with the root-hairs, hold it socurely in its place; and 
now the force exerted by the longitudinal growth of 
the radicle drh'CS the tip deeper into the ground. 
'fhis force, combined with that due to tmn8,'erse 
growth, gives to tho radicle tho power of a wedge. 
Even a growing root of moderate sb:e, such WI that 
of Ii seedling bean, can diilplace II. weight of some 
!)Qunds. It is not probable that the tip when buried 
in compact earth ean actually circumnutate and thus 
aid its downward passage, but the eireumuutatillg 
movement will facilitate tho tip entering auy lateral 

© The Complete Work of Charles DarWin Online 



550 SliiUMAHY AXO 

or oblique fissure in the earth, or a burrow made by 
nn cUl'th-worlll or lan"a; and it is certain that roots 
often run down the old burrows of worms. 'l'lte lip, 
howover, in endeavouring to circmnnutate, will con­
tinually press 11gllinst the eurth on all sides, and this 
can hardly fail to be of tho highest importance to the 
plant; for we ha,·e seen that when little bits of card­
like paper and of ,·ery thin paper were cemented on 
opposite sides of the tip, the whole growing pmt of 
the nuticle WI\.S excited to bend fLway from the side 
bearing tho eard or more resistillg substance, towards 
the side bel\fing the thin pilper. Wo may therefore 
feel nlmost sure that when the tip encounters a stone 
or other obstacle in the gronnd, or e"en earth more 
compact on one side than the other, the root will bend 
away as mu.::h as it Mn from the obstacle or the more 
resisting earth, and will thus follow with unerring 
skill a line of least resistance. 

'l'he tip is more sensit ive to prolonged ooutnet with 
an object than to gravitation whon this acts obliquely 
on the mdicle, and sometimes ewm when it acts in the 
most favourablodirootioll at right angles to the radicle. 
'l 'ho tip was excited by an atti\ched bead of shellac, 
weighing less thun nmth of 0. groin (0·33 mg.); it is 
thorefore more sensitive than the most delicate tCIl­
dril, namely, thnt of Pa.s&ijlora gracilis, which was barely 
acted on by a bit of wire weighing ~-\rth of a groin. But 
this dcgree of sensiti,"eness is as nothing compared with 
that of the glands of Drosero, for these a.m excited by 
particles weighing only nh"u of a gmill. 'L'he sensi­
tivcness of the tip cannot be accounted for by its 
being covered by a thinner luyer of tissue than the 
other parts, for it is protected by the rdutivcly twok 
root-cap. It is remarkable that although the radiclo 
bends away, when one side of the til) is slightly touched 
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with caustic, yet if the side be much cauterised tbe 
injury is too great, and the power of tnUlslllitting some 
influence to the adjoining parts causing th(,In to bend, 
is lost. Oth('r analogous ellSCil are known to occur. 

After a radicle has been defleeted by some obstnC'le, 
geotropism dit"C4':ts the tip agnill to grow perpelUlicu­
larly downwards; but geotrolJislll iH n fee ble power, 
and here, !IS Sachs has shown, Rnother interesting 
adnptive movemellt comes into play; for rndicles at 
R distanco of a few millimeteN from the tip are 
sensit ive to prolonged COlltftCt in such n. Ill lllliler that 
they !>clld towards tho touching object, illstcad of from 
it as occurs when nil object touehCfl 0110 sido of the 
tip. :Uorcon~r, the Cllrnl.ture thus causcd is abnlpt; 
the pressed ))Int aloue bending. E\"I:II sl ight pressure 
sufiiccs, sllch lUi a Lit of card cemented to one side. 
'l'hercfore fl. radicle, as it passes Mer tho edgo of any 
obstn.clo in tho ground, will through tho nction of geo­
tropism press agllillst it; and this l) fCSS uro wiU clluse 
the radicle to endea"our to bend IIbruptly O\'er the 
edge. It will thus rcCO\"Cr tUl quickly ns l:Klssiblo its 
Ilormal downward conrse. 

lttd iclcs are aJ80 sensitive to air which contains 
more mOLsture 011 one side than the other, and they 
bend towardll its souroo. It is therefore probuble that 
they are in like manner sensitive to dampness in the 
soil. It wns flSCortnwod in Ilevcml calles that this 
sensitiveness resides in the tip, which tnlllslUits all 
influence causing the adjoining upper part to bend 
in OPI:Klsition to geotropism towards the moist obje<:t. 
We Illi'y therefore infer thl.t roots will be deflcewd 
from their downward ooul'8O tOlmrds (IllY 8OUfOO of 
moisture ill tho soil. 

Again, W08t or aU nulicJes are slightly sensiti"e to 
light, and, according to Wiesner, generally bcud a little 
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from it. Whether this can be of any service to them 
is ,'ery doubtful, but with seeds germinating ou the 
surface it will slightly aid geotropism in directing 
the rodicles to the ground.* We ascertained in one 
instance that such sensitiveness resided in the tip, and 
caused the adjoining purts to bend from the light. 
The sub-nerial roots observed by Wiesner were all 
apheliotropic, and this, no doubt, is of use in bringing 
them into contnct with trunks of trees or surfaces of 
rock, as is their habit. 

We thus see th:~t with soodling plHnts the tip of the 
mdicle is endowed with dh'erse kinds of sensitiveness; 
and that the tip directs the adjoining growing l:Nlrts 
to bend to or from the exciting cause, according to the 
Heeds of the l)lallt.. The sides of the radicle are also 
sensitive to contact, but in a widely tlifferent nl/U1uer. 
Gravitation, though a less powerful cause of move­
ment than the other aoove specified stimuli, is ever 
present; 80 that it llitimately prevails and determincs 
the downward growth of the root. 

The primary radicle emits seeondary oncs which 
project sub-horizontally; and these were observed ill 
olle case to circulllnutate. 'l'heir tips are also sensitive 
to contact, and they are thus excited to bend away 
from any touching object; so that they resemble in 
these respects, iUI far as they were obsen'ed, the 
primary rn<lic1es. If displaced they resume, as Sachs 
has shown, their original sub-horizontal position; and 
this apparently is due to diagootropism. ~'he secondury 
radic1es ~mit tertiary ones, hut these, in the CHse of 
the bean, are not affected by grftvitlltion ; consequently 
they protru(le in all directions. Thus the general 

• Dr. K.d Riohter, who haa in Wien,' 1879, p. 149). ~t.&tI'II thllt 
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IUTnngement of the three orders of root.s is excellently 
adapted for senrching the whole aoil for nutriment. 

Snchs hM 8hown that if the tip of the primary 
radicle is cut oft· (and tlle tip \I-ill occasionally be 
gnawed off Ilith seedlings in a state of nature) one of 
the secondary radicle!! grows perpendicularly down­
wards, in a munner which is uuuiogolLs to the upward 
growth of a internl shoot after tho alllPutation of 
the leading shoot. We have seen witb rodic.le8 of the 
bean that if the Ilrimary radicle is merely compressed 
instead of being cut olf, 80 that lUI excess of sap is 
directed into the secondary nulic1es, their natural con­
dition is disturbed and they grow dOlnJwllrds. Other 
analogous fllet8 have been given. As anything which 
disturhfl the constitution is apt to lead to reversion, 
that is, to the resumption of a former chartlcter, it 
allpenrs probnbie that when secondary radicle!! grow 
downwards or lateral shoots uJlwards, they revert to 
the primary manlier of growth proper to radicles and 
shoots. 

With dicotyledonous seeds, after the protntsion of 
the radicle, the hypoeotyl breaks through the seed­
coots; but if the cotyledons are hYI)()boe8n, it is the 
epicotyl whieh breaks forth_ 'l'hese orgtUlS are at first 
invariably arched, with the u)ll)('r part bent back 
parallel to the lower; and they relain Ihis fonn until 
they havo risen al)(we the ground. 1n some cases, 
howe\'er, it ill the petioles of the cotyledons or of the 
nr8t true lelwes which brenk through the seed-coots 
118 well all the ground, before any part of the stem 
Ilrotrlldes; IIml thell the petioles are almost invariably 
arched. We ha'-c met with oilly one cxception, !Iud that 
only a partiul one, nnmely, with the I)('tiolcs of the two 
first leavcs of Ac(ltItku, can<klabrum. With Ddphinium 
fludicaul~ the petioles of the t\lO cotyledous are com-
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.,Ietely confiu£'nt, and they brenk through tho grouud 
as an arch; afterwards tho petioI£'s of tho successively 
formod early leaY£'9 (IrO arched, and thoy are thus 
enabled to break through the base of the confl uent 
petiol£>S of the cot~'le(lon9, In the caso of iUegarrhb·.a, 
it is the plumule which breaks as all arch through t ho 
tube formed by tho confluence of the cotyledon­
petiol£>S. With mature plants, the flower-stems and 
the lea\'e8 of IIOme few Bpecies, and the rachis of 
Bel'erlll fernll, as they emerge sepamtcly from t ho 
ground, are likell'iJlO !uelllxL 

l'he filet of 80 mlluy different organs in plants of 
many kinds breaking tbrough the grouJld under the 
torm of an areh. shows that this must be in somo 
mlluner highly importallt to them. According to 
Haberlandt, the tender growing apex it thus 8!l.YOO 

from abrosioll, and this is probably tJlO trne exphl.lla­
liOll, But as both legs of the arch grow, their power 
of breaking through the ground will be much in­
creased as loug f1B the tip remains \lithin the seed­
coots and has a point of support, In tho case of 
monocotyledoJlJ! the plumule or cotyledon is rarely 
arched, as far as wo IIIl\'o seen j but this is the case 
wiih tho leaf-like cotyledon of the onion j and tho 
crown of tho arch is hero strengthelled by fl. special 
Ilrotuberance, In the Grnminew the sUlllmit of the 
stnlight, sheath·ijke cotyledou is dOl'eloped into a 
hard sharp Cleft, which eYidently sen'cs for breaking 
through the earth. With dicotyledons the arching of 
the ellicotyl or bypocotyl ofteu apl>CElTS as if it merely 
resulted from the mauuer ill which tho parts are 
p!lCked within the sccd j but it is doubt ful whether 
this is the whole of tho truth in any ease, aud it cer­
tainly was not 80 in acvcral cases, in which the arch­
ing was seen to commence after the }larts had wholly 
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escaped from the'seed-eoots. .As the Melling occurred 
in whatever position the seeds were pl8CCd. it is no 
doubt due to tempornrily increasc.d growth of the 
nature of epinMty or byponasty along one side of tho 
part, 

As this hnbit of tho hypocotyl to firth itself 1I.1lpears 
to be universal, it is probably of very audcllt orig-ill, 
It is thereforo not surprising that it should be in~ 
heritcd, 11t least to some cxtent, by plunts haying 
hypogetln ootyledollil, in which the hypocotyl is only 
slightly <lm'eloped and never protrudes abo,'e the 
ground, and in \\bich the iUChing is of course now 
quite useless. This tendency explains, M we have 
seen, the cU.f\'aturo of the hypooolyl (iU1d tho conse· 
quent movement of the rndiclt~) which WM first 
obsen'ed by Snchs, and which wo hal'o (lftell had to 
refer to u.s Snchs' enrmture, 

The several foregoing arched organs nre oontinually 
circllmnutating, or endcl!.\·ouring to ci rcullluutate, even 
before they brenk through the grOlmd, As soon 8S 

any part of tbe arch protrqdes from tbe seed-coats it 
is actctl upon by apogootropislU, Mel both the legs 
bend upwards lU!I quickly as the surrounding earth wiB 
permit, until the arch stands vertically. 13y continued 
growth it then forcibly breaks through the ground; 
but as it is continually striving to circullluutll.te this 
will aid its emcrgence in sollle slight degrec, for we 
know that a cireullluutating bypoootyl call IlUSh away 
damp sand (Ill nil sides. As soon as the faintest ray of 
light reaches a seedling, heliotropism will guide it 
through any cra.ck in the soil, or through nn entallgled 
mass of o\'erlying vegetation j for 8lXlgootropism by 
itself can direct the seedling only bliudly upwards. 
Henoo probably it is that sensitivenCS8 to light resides 
in tho tip (If the cotyledons of tho Gnuninere, Bud in 
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the upper part of the hypoootyls of at ielUlt some 
plants. 

As the arch grows upwards tho cotyledons ate 
dragged out of tho ground. 'fho seod..coats arc either 
left behind buried, or are retained for a time still 
enclosing the cotyledons. l 'bese arc afterwards cast 
ofT merely by the swelling of the cotyledons. But 
with most of the CUClirbitacere there is a curious 
special contrivllnce for bursting the seed-coats whilst 
bcncllth the ground, namely, a peg at the base of the 
bypocotyJ, projecting at right angles, which holds down 
the lower half of the seed-coots, whilst the growth 
of tho arched part of tbo hypocotyllifts up the upper 
half, and thus splits them in twain. A somewhat 
analogolls structure occurs in Mimosa pu.dica and some 
other plants. Before the cotyledons Ilro fnlly ex­
panded and have diverged, tho hypocotyl generally 
straightens itself by increased growth along the con­
cave side, thus reversing the process which caused 
the arching. Ultimately not a trace of the former 
curvature is left, except in the case of the leaf-like 
cotyledons of the onion. 

'rhe cotyledons can now assume the function of 
l eil.\,(~s, Ilnd decompose carbonic acid; they also yield 
up to other purts of the plant the nutriment which 
they ofwn coutain. 'Vhen they contain a large stock 
of nutriment they generally remain buried beneath 
the ground, owing to tho small development of the 
hypocotyl; and thtls they have a better chance of 
escaping destruction by animals. From unknown 
causes, nutriment is sometimes stored in tho hypocotyl 
or in the radicle, and then one of the cotyledons or 
both become rudimentary, of which several instances 
have been giwm. It is probable that tho extraordi­
nary manner of germination (of Megarrhiza Oalifrmlica, 
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lpomo?a l~piophylla alUI pandurata, nnrl of Quercus 
t'inn., is connected with the burying of Ihe tuber-like 
roots, which at all early Ilge nre stOO"ked with nutri­
ment; for in these phUlts it is the petioles of the 
cotyledons which first protrude from the seeds, and 
they Ilre then merely tipped lI'ith a minute radicle and 
hypocotyl. l'hese petioles bend down gootropically 
like a root and penetrate the gronnd, so thllt the true 
root, which afterwards becomes groMly enlarged, is 
burie<1at some little depth beneath the 8urfue(!. Gra­
datiOlls of structUtc are always interesting, and Asa 
Gn1y informs us tllilt with lpol1W!a Jalappa, \\hich 
likewise fonus huge tubers, tbe hypocotyl is still of 
considemble lengtb, and the peliok'S of tbe cotyledons 
are only modenltely elong.lted. But in IICldition to tbe 
advantage f,"tlined by tho concealment of the nutritious 
Illatter stored within tho tubers, the plumule, at least 
in tho CI100 of l\[egnrrbiza, is protected from tho frosts 
of winter by being buried. 

With 1I111lly dicotyledonous seedlings, Il.!I bas lately 
been described by D<l VriCll, tbe C(Jninlction of the 
parenchyma of the upper pnrt of the mdicle drags the 
hYJlOOOtyl dowmmrds into the ellfth; solUctimes (it is 
said) until e\'ell the cotyledons lire buried. The hypo­
cotyl itself of some species contl'llCts ill Il. like manner. 
It. is belie\·ed that this burying proo('SIJ seryes to 
protect the scedlings against the frOfl18 of wintC'r. 

Our imflgiuilry seedling is now IIlfituro (IS II seedling, 
for its llyt)QC(Jtyl is stTilight and its eotylcdulls are 
fullyex fNluded. In tlus stllte the upper part of the 
hypocotyl uud the cotyledons oontilHlQ for some time 
to cin'llmnlltllfe, generally to Il wide extent relatively 
to tbl' si1.(l of tho parts, lind at a rapid rate. But 
seedlings profit by this power of movement only when 
it is modified, especially by the llCtion of ligbt and 
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gravitation; (or they are thus enabled to moye more 
rapidly and to a greater extent than (lUn most mature 
plant",. Seedlings nre subjected to n. severo struggle 
for lifo, and it apl}clus to be highly importunt to them 
that. thoy should adapt themselves as quickly and 118 

perfectly as possible to their conditions. Hence also 
it is that they are so extremely scnsiti,'e to light and 
gravitation. The cotyledons of some fow species are 
scusith'e to a touch; but. it is probablo that this is 
only un indirect result of the forego ing kiuds of sen­
sitiveness, for thero is 110 fCason to bclio,-e tho.t they 
profit by moying when touched. 

Our seedling now throws up a stom bearing lotl\'es, 
and often brancbes, all of which whilst young are cou­
tinually cireumnutn.ting. If we look, for instance, at a 
great acacia tree, we llIo.y feel assured tllll.t e\'oryone of 
tho immmerablo growing shoots is constantly describ­
ing Slllall ellipses; as is Moh petiole, 811\)..petioie, and 
leaflet. The latter, as well as ordinary lefL\'cs, gene­
rally move up and down in nearly the samo yertical 
plane, 80 that they describe Yery Ilarrow ellipses. 
'i'he flower-peduncles o.re likewise continually circum­
llutMing. If we could look beneath tho ground, aud 
our oyes had tho power of Il microscope, we should see 
the tip of each rootlet eudeavouring to sweep smilll 
ellipses or circles, i\.ll fltr as the Ilfc8Suro of the sur­
rounding earth penuitted. All this astonishing amount 
of movement hILS been going 0 11 year after year since 
tho time wben, as a seedling, tbe tr(!(l first emerged 
from the ground. 

Stems are sometimes de"eloped into long nllllletS or 
8tolons. 'rhesecircummlMteinaCOllSpiclIousmunner,und 
aN thus aided in passing between and o\'er surrounding 
obstileles. But whether the eircumllutnting movement 
has been increased for this special purpose is doubtful. 
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'Va hoxe now to consider cireumnutation in a 
modified form, as the source of several great dallSCll of 
mo\'\~mellt. 'fhe modification may be determined by 
innate causes, or by extemal agencies. Under the first 
hcad we see leaves which, wh('1l first unfoldeJ, stand 
in {l. "crtical position, and gmduil.lly beud downwards 
as they grow older. Wo see floller-pcdunclcs bending 
down aftcr the flower has withered, and others rising 
up; or again, stems with their tips at first bowed 
downwards, so fl.S to be hooked, afterwards straighten­
ing themsekes; and mnny other such Cll.8C8. These 
changes of position, which are duo to epinasty or 
hypollasty, occur at certain periods of the lifo of the 
l)lant, and are independent of allY extcrnal agency. 
'I'hey are eRected not by a continuous upward or 
downward movement, but by ll. successioll of small 
ellipses, or by zigzag Jiu(l8,-that is, by tl circum­
nutating movement which is preponderant ill SOUle 
one direction. 

Again, climbillg plants whilst young circnmnutate 
in the ordinary manner, but as soon as the stcm 
has grown to a certain height, which is different for 
diR"crent speeiC8, it elonglues rapidly, and noYo' the 
amplitude of the cireumnutating mo,'ement is im­
mensely incronsed, evidently to favour the stem catch­
ing hold of a @uP(Xlrt. 'J'he stem 0.180 circunlDutates 
rather more equally to all sides than in the cuso of 
llon-climbing phmta. This is conspicuously the ease 
with those tendrils which collsist of modified lea\'eIl, 
as tllC8C sweep wide circles j whilst ordinary leaY(!s 
usually circumnutate nearly in the Mille ,'ertical plane. 
Flower-peduncles when converted into tendrils hM'e 
thllir circumllul.ating movement in like manuer greatly 
incrooscd. 

" '0 now come to our second group of circullinu-
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tating movements-those modified through external 
agencies. The so-called sleep or nyctitropic moye· 
ments of leaves are determined by the daily alterna­
tions of light and darkness. It is not the darkness 
which excites them to move, but the difference in the 
amount of light which they receive during the day 
Ilnd night; for with severnl species, if the leu,"es h,we 
not been brightly illuminated during the day, tht:y 
do not sleep at night. They inherit, however, !lOme 
t.endeMY to movo at tho proper periods, indepen­
dently of any change in the amount of light. '1'he 
mo,"elllents are in somc cases cxtn\ordinnrily complex, 
but IlS a full summary hIlS boon given in the chapter 
devoted to this subject, we will here sllY hut little on 
this head. Leaves and cotylodons assume their noc­
turnal position by two llleuns, by the aid of pnlvini and 
II ithout such aid. In the former case the movement 
continues as long as the leaf or eotyledoll remains in 
full health; whilst in the latter caso it continues only 
whilst the pnrt is growillg. Cotyledons appear to 
sloop in a Ll.rger proportional number of species thun 
do le3\'e8. In some species, the leaves sleep and not 
the cotyledons; in others, the cotyledons and Dot tho 
lea,-es; or both may sleep, and yet IlSsumo widely 
different positions at night. 

Although tho nyctitropic mO"l""cments of leaves and 
cotyledons are wonderfully diversified, and sometimes 
differ much in the species of the salOe genus, yet the 
blade is always lllaced in such a position at night, that 
its upper surfaco is cxposed as little as possible to {ull 
radiation_ We cannot doubt that this is the objoct 
gained by these movements; and it bas boon proved 
that leaves exposed to a clear sky, with their blades 
compelled to remain horizontal, suffered much more 
from the cold than others which were allowed to assume 
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their proper "ertical position, Some curioug (flCtg 

have been gi"ell under thig head, showing that hori­
zontally extended lC!a"es suffered. morc at night, when 
the air, which is not cooled by radiation, WAS pre"ellted 
from (reely circulating beneath their lower surftlCeS; 
il.nd so it was, when the leaves werc ullowoo to go 10 
sleep on brunches which had been rendero<lmotiollless. 
In some sllCdes the petioles rillC lip greatly at night, 
and the pillllto close together. The whole plant is 
thus rendered. more compact., and n. much small!,f 
surface is eX I)()86(l to radiation. 

That the nrious Ilyetitropie movements o( lea,'es 
result (rom modified circmnnutation bas, we think, 
been clearly ShOIl-.I. In the simplest cases a leaf 
describes tl single large ellipse during the 2-l h. j anti 
the mO"emcnt is so arranged that the blade stands 
vertiCAlly during the night, and reassumes its former 
position on the following morning. The COUI'SC purslleU 
differs from ordinary eireumuutation ollly in its greater 
amplitude, and in its greater I"llilidity late in the 
evening and early on the (ollowing mornillg. Unless 
this movement is admitted to be one of circumnu­
tation, such !etwes do not eircumnutale at all, and this 
lII'oulli be a monstrous anomaly. In other eases, ieav('!l 
lind cotyledons describe sm'el"lll vertical ellipses during 
tho 24 h.; Qnd in the evening one of them is inCreasefl 
grei\tJy in ampl itude until the blade stands "ertically 
either upwards or downwards. In thi!l position it con­
tinues to eircuffiuutatc until tho following morning, 
when it retl.88umes its (ormer position. These move­
ments, whell a pulvillus is present, are often compiJ­
Cil.ted by the rotation of the lenf or leaflet; aud such 
roLltion on a smilll scale occurs during ordinary cir­
cumuutation. 'rhe many diagrnms showing the mov1'­
menu of sleeping aDd nun-sleeping lea\'cs and eot1-
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Jedons should be compared, and it will be seen that 
they are essentially alike. Ordinary cirClillinutation 
is cOlwerted into a nyctitropic movement, firstly by an 
increase in its amplitude, bnt not to so great a degree 
as in the case of climbing plants, and secondly by its 
being rendered periodic in relation to the alterna­
tions of day and night. But there is frequently a 
,listinct truce of periodicity in the circumllutating 
movement.s of non-sleeping leaves and cotyledons. 
The fact that nyctitropic movements occur in species 
distributed in many fnmilies throughout the whole 
mscular series, is intelligible, if they result from the 
modification of the uniYersally present mo,-ement of 
circllmnutation; otherwise the fact is inexplicnble. 

I n the seventh chapter we haye given the case of 
I!. Porlieria, the leaflets of which remained closed all 
day, as if asleep, when the plant was kept dry, appa­
rently for the sake of checking eVill)()r!ltion. Some­
thing of the same kind occurs with certain Gramillero . 
. \t the close of this same chapter, a few observations 
were appended nn what may be called tbe embryology 
of leaves. 'fhe leaves produced by young shoots Oil 
('ut-dOll'n plants of Melilolu8 laurica slept like those of 
a Trifolium, whilst the leaves on the older branches 
on the same plants slept in 1\ very different manner, 
proper to the gellus; and from the reilSOns assigned 
lie nrc tempted to look at this case as Olle of reversion 
to 1\ forme r nyctitropic habit. So again with Desmo­
diHlll gyrans, the absence of small lateral leaflets on 
Ycry yOllng plants, makes us SllSpect that the imme­
diate progenitor of this species did not posscss lateral 
leaflets, and that their appearance in an almost rudi· 
mentary condition at a somewhat more advllllced age 
i~ the result of te"ersion to a trifoliate predecessor. 
Howc"cr tbis may be, the rapid circumnutating or 
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gyrftting movements of the little Il\tcrftl leaftets, seem 
to be dlle proximately to the pulvinutl, or organ of 
nlOvement, not baving been reduced nearly flO muc.h 
8.!1 the blade, during the successive modifications 
through which the species has passed. 

We now come to the highly import.nnt class of 
movcmCI\ts duo to the action of a latenl.llight, When 
stems, leaves, or other orgalls are pillced, so that one 
side is illuminated more brightly than tho other, they 
bend towards tbe light. 'l'his heliotropic mO"ement 
manifestly results from the IDodifiCll.tion of ontinar)' 
c.iremnnutation; and overy gradll.tion between the two 
movemenu could be followed. When the light WIIS 

dim, and only a ycry little brighter Oil one side tll<ll1 
011 the other, tbe movcmcnt consisted of a successioll 
of ellipses, directed towards the light, each of wh ich 
appr06ched neu.rer to its source thnn the previous one, 
When the dift'erence in the light 011 the two sides 
\rus somewhat greater, tile ellipses were drnwil Qut 
into a strongly-marked zigzllg linc, and \\hcll much 
greater tbe course became rectilinear. We have 
re88011 to belie\'e that changctr ill the turgesccuce of 
the cells is the prox imate cause of the movement 
of eircumnutation; and it appears tbat IVhen a plant 
is uncqwilly illuminated on the two sidCfl, the always 
changing turgescence is Illlgmented along one sidt', 
and is weakcnoo or quite arrested along the other 
sides. lncreC\Sed. turgescence is commonly followcd by 
incTCased grOI\ th, so that a planl whi('h hus l>ent itself 
towards the light during the day would 00 tiltcd ill this 
position were it 1I0t for R]Xlgeotropislil acting during 
the nigbt. But parts prorided with puh-ill i bend, as 
Pfeffer htlS 8hoWII, towil.rds the light; and here grollt-th 
d()(>IJ not come into play all}' more tlum in the ordinary 
circumnututillg mo\'cments or pulvilli. 
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Heliotropism prevails widely throughout the vege­
table kingdom, bnt whenever, from the changed habits 
of life of any l)lant, such movements become injurious 
or nseless, the tendency is easily eliminated, as we see 
with climbing and insectivorolls plants . 

• '>-pheliotropic mOl'ements are comparatively rare in 
/I well-mllrked degree, excepting with sub-t'criui roots. 
[n tht} two cases investigated. by us, the movement 
certainly consisrod of modified eireulllllutation. 

The position which Icaves and cotyledons occupy 
duriug the day, Ilamely, more or less transversely to 
the direction of the light, is due, according to :Frank, 
to what we call diaheliotropism. As all Icaves and 
cotyl~dolls are continually circumnutating, there Ciln 
Ilardi), be a doubt that diaheliotropislll results from 
modified eircunmutntion. From the fact of leal'es and 
cotyledolls frequently rising a little in the evening, it 
Itppears as if diaheliotropism bad to conquer during 
the middle of the day a widely prevalcnt tendency to 
apogeotropism. 

Lastly, tho leaflets and cotyledons of some plants 
nre known to be injured by too much light; and wben 
tho sun shines brightly 011 them, they move upwards 
vr downwa.rds, or twist laterally, so that they direct 
their edges toll'ards the light, and thus they escape 
being injured. 'l'heso para heliotropic movemeuts cer­
lainl" consisted in one case of modified circumnuta­
tion;' lind so it probably is in all eases, for the leaves 
"f all the species described circumnutate in it. con­
spicuous manner. 'l'his movement has hitherto beeu 
vbserl'ed only with leaflets provided with pulvini, ill 
whieh the illCreased turgescence on opposite sides is 
not followed by growth; and we can understand why 
tlLis should be so, as the movement is requ ired only 
for II. tempornry purpose. It would ma.nifestly be dis-
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advantageous (or the leaf to be fixed by growth in it;:: 
inclined position. E'or it has to assume it~ fonner 
horizontal position, as soon WI possible after the SUIl 

hWl ceased shining too brightly 011 it. 
The extreme sellsith'eness of certain secdlinWl to 

light, as shown in our ninth ehllpter, is highly remark­
able. The cotyledons of Phalaris became (llm'ed 
towards a djstallt lamp, which emitted so little light, 
tbllt a pencil held yerticaUy close to the plants, did 
not cast nny shadow which the eyo could perceive 
on a whito card. These cotyledons, tllCre(ore, were 
affected by a difference in he amount of light on tJ}(~ir 
two sides, which the eye could not distinguish. 'fhp 
degree of their curvature within Ii gi"en timo towards 
a lateral light did not correspond o.t all strictJy with 
tho amount of light which they received; the light 
not being at ally time in el.':cess. They contiuued for 
nearly half all hour to bend wwards a II\tcral light, 
after it had been extinguished. 1'hey bend with 
remarkable precision towards it, and this depends on 
the illumination of one whole side, or on tho obscUNl. 
tion of the wholo opposite side. The diffcrence in th(' 
amount of light which plants at ally timo ree<'ivc in 
eomparisoll with what they ha"o shortly before re­
ceived, seems in all cases to be tho chid exciting cauS{' 
of th08e movements which are influenced by light. 
Thus seedlings brought ont of darknCS8 bend towards 
a dim lateral light, sooner than others which had pre­
l'iously hccn oxposed to daylight. We htwc 8C('U 

se"eral analogous cases with tl10 Il)'ctitropic mo\'('· 
menta of loaves. A striking instance was observed ill 
the ease of the periodic movements of lhe cotyletlons 
of a CB88ia; in tho morning a IXlt was pla<.'«i in an 
obscure part of a room, and all tho (.'Otyledon8 rose up 
closed; another lXlt had stood in the sunlight, an.d 
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the ootyledons of course remained expanded; both 
pots were now Vlaccd dose together in the middle of 
the room, and the cotyledons which had been eXp08ed 
to the sun, immediately began to close, while the 
others opened; so that the cotyledons in the two pots 
mo,'oo in exactly opposite directions whilst exposed 
to the same degree of light. 

We found that if seedlings, kept in a dark place, 
were laterally illuminftted by a small WlU( taper for 
ouly two or three minutes at intervals of about three­
quarters of an hour, they all beeame bowed to the 
point where the taper had been held. We felt much 
surprised at this fact, and until we had read Wiesner's 
observations, we attributed it to the after-effects of 
the light; but he has shown that the same degree 
of eurmturo in a plant may be induced in the 
course of an hour by severnl intermpted illumina­
tions lasting altogether for 20 m., as by /\ continllOus 
illnmination of 60 Ill. 'Ve believe tlmt this case, 
as well as our OWII, may be explained by the ex­
citement from light being due not so much to its 
iwtual amount, as to the difference in amount from 
that previously received; and in our case there were 
repeated altern~"l.tions from oomplete dil.rkness to light. 
In this, and ill several of the abo,'e speeified respects, 
light seems to act on the tissues of plalltil, almost in 
the same manner as it does on the nen'(.ms system 
ofauimals. 

'rhere is a much more striking analogy of the same 
kind, in the sensitiveness to light being localised in 
tho tips of tho cotyledons of Phalll.ris and Avena, and 
in the upper part of the hypocotyls of Brassie/\ and 
Beta; and in the transmission of some influence from 
these upper to the lower parts, causing the latter to 
bend townrds the light. 'l'his influence is also trailS-
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mitted beneath the soil to a. depth where no light 
cntere. Jt follows from this localisation, that th~ 
lower 1>arl1l of the cotyledolls of Phalaris, &c., which 
nonllaliy be<.>()mc more bent towards a latend light 
than the upper parts, may be brightly illuminated 
uuring many hours, and will lIot bend in the least, if 
all light be excluded from the tip. It is all interest­
ing experiment to 1)lace caps over the tips of tIle 
cotyledolls of Phalaris, alld to allow a very little light 
to enter through minute orifil'e8 on one siue of the 
e8ps, for the lower part of the cotyledons \lill then 
bend to this side, and not to the side ~hieh hI\!! been 
brightly illuminated during the whole time. In the 
case of the Ililflicles of SiMpt' alba, 8en~itiveuess to 
light also rcs.ides in the tip, which, when laterally 
illuminated, causes the adjoining part of the root to 
bend apheliotropicnlly. 

Gravitation excitcs plants to ben(l away from the 
centre of the carth, or towards it, or to place them­
selves in a trans\'erse position with respeet to it. 
A1tbongh it is impossible to modify in any direct 
manner the attraction of gnu-ity, yet its influence 
could be moderated indirectly, in the 8e\'cral ways 
described in the tenth chapter; and under such 
eircumstanCCfl the same kind of evidence 1\8 that gi\'en 
in the challter on Heliotropism, showed in the plainest 
manner that apogootropic and geotropic, IIlId probably 
diagootropic movementB, nrc all modified forllls of 
cirellmlllliatiOIl. 

Different parts of the Slime plaut alld different 
species aro IIffected by gravitation ill widely diffcrent 
degrees and manners. Some plants and orgnns exhibit 
hardly a trace of iii a.ction. Young seedlillgs which, 
WI we know,circumnutate mpidly,are cmilleutly sensi­
tiye; and we ha\'e seen the bypocotyl of !Seta bending 
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upwards through 109° in 3 h. 8 m. Tho after-effects 
of apogootropism last for u1:)(wo half all hour; and 
horizontally-laid hypoootyis arc sometimes thus car­
ried temporarily ooyond an upright position. The 
benefits derived from geotropism, apogootropism, ancl 
diagootropism, are generally so manifest that they 
need not be specified. With the flower-peduncles of 
Oxillis, epillasty causes them to bend down, 80 that 
the ripening pods may be protected by the calyx 
from the rain. Afterwards thoy are carried upwards 
by apogeotropiSlli in combination with hypona.sty, and 
ore thus enabled to scatter their seeds oyer a wider 
space. 'J'ho capsules and flower-heads of some plants 
are bowed downwards through geotropism, and they 
then buty themsel.es in the earth for the protection 
lU\d slow maturation oC the seeds. ThiB burying 
process is much faci li tated by the rocking movement 
due to eiroumnutation. 

In the case of the radicles of several, probably of all 
seedling plants, sensitiveness to gravitation is confined 
to the tip, which transmits an influence to the adjoining 
upper part., causing it to bend towards the centre of 
the earth. That there is tmnsmission of this kind was 
proved in aD interesting manner when horizontally 
extended rndides of the bean wore exposed to the 
nttmetion of gravity for 1 or 1; h., and their tips were 
then amputated. Within this time no truce of cuna­
hue was exhibited, and the mdic1es wefC now }llaced 
])()inting vertically downwards; hut an influence had 
nlrclldy boen transmitted from the tip to the adjoining 
}mrt, for it socm became bent to one side, in the same 
manuer ItS would have occurred had the rndicle 
Iemained horizontal and been still acted on by geo­
tropism. Radic1es thus treated continued to grow out 
horizontally for two or three days, until a DOl'f tip was 
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reformed; and this was then acted on by gcotrollism, 
and the rndicle became eun'ed perpendicularly down­
wards. 

It hll8 now been shown that the following important 
classes of mo\'ement all ariso from modified circum­
nutation, which is omnipresent whilst growth lasts, 
and after growth has ceased, wbenever pulviui are 
present. These classes of mo\'ement consist of those 
due to epinasty and hyponll8ty,-tbosc proper to 
climbing plants, commonly called rcyolving nutation, 
-tho nyctitropic or slcep movements of leaves and 
cotyledons,-8l1d the two immense cJfl8SC8 of moyo­
ment excited by light and gravitation. When we 
speak of modified ciroumnutation 11'0 mean that light, 
or the IIltenmtions of light and darkness, gmvitation, 
slight pressure or other irritants, and certain iunate 
or constitutional states of the plant, do not directly 
CftllSQ the movement; they merely leud to a tempo­
mry increase or dimimltion of those spontaneous 
changes in tho turgescenoo of tho cells which are 
already in progress. In what manner, light, gmvita­
tion, &c., act on tho cells is not known ; and we 
will hero only 1'C00flrk that, if any stimulus affected 
the oolLs in snch a manner t\8 to eall86 SODlO slight 
tendency in the affected part to bend in a beneficial 
manner, this tendency might eas.ily be increased 
through the preservation of tho morc sensitive indi­
-viduals. But if such bending were injurious, the 
tendency would be eliminated unless it was O\'er­
poweringly strong; for we know bow commonly all 
characteffi ill all organisms ,'ary. Nor can we see any 
reason to doubt, that after the oomplete elimination of 
a tendency to bend in sollie one direction under a 
certain stimulus, tho power to bend in a directly 
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opposite direction mightgradunUy be acquired through 
natural selection,· 

Although so mnny movements have ariscn through 
modified circuwnutation, there !Ire others which 
nppear to have h9.d 1I. quite independent origin; but 
they do not form such large and important classes. 
When a leaf of 1I. UimOS& is touched it suddenly 
assumes the same position 88 when asleep, bnt Bnicke 
hu shown that this movement results from a differellt 
state of turgescence in the cells from that which 
occurs during sleep; and as sleep-movements are cer­
tainly due to modified cUcumnutation, th096 from 9. 

touch con hardly be thus due. The back of a leaf of 
DrOIl!Ta ,.otundifolia was cemented to the snmmit of 
a stick dri\·en into the ground, 80 that it could not 
move in the least, and a tentacle was observed during 
many hours under the microsoope; but it exhibited 
no circumnutating movement, yet after being mo­
mentarily touched with a bit of raw meat, its basal 
part beglln to cun'c in 23 seconds. 'filis curving 
movement therefore oould not have resulted from 
modified ciroulllnutation. But when a small object, 
such lI.8 0 fragmellt of a bristle, wa.s plROOd 011 one side 
of the tlP of a radicle, which we know is continually 
circumnuta.tillg, tbe induced CUll'stUr6 wu so similar 
to the movement caused by geotropism, that we can 
hardly doubt that it is due to modified eircwnnu­
iatioll, .1 flower of a 1\Iahonia was cemented to a 
stick, and the stamellfl exhibited no signs of circum­
nutation under the microsoope, yet wben they were 
lightly touched they suddenly moyed tOlll'arda the pistil. 
Lastly, the curling of the extremity of 1I. tcndril when 

· Seeili(lre~fblll}·rank'. 9I,.t.l.).ollnatural..el;dionin 
'Die .. ~rechte lliehtulI8 \'01\ oonneelion .. lib gooVopiml, helio> 
PtbDzeDlbeilen' (1870, J>P, 90, lropilm,ao.. 
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toucbed seems to be independent of its re,-oh-jng or 
cirellwnutating movement. 'l'his i8 best shown by the 
part which is the lUost sensitive to oonti\Ct, circum­
nutating Dlueh ICSII than the lower i>arts,or apl)8renuy 

'not at all.-
AlulOugh in these cases we have no reason to 

belien;! that the movement depends on modified cir­
cuwnutation, lUI with the severnl cll\.88(!s of movement 
described ill this volume, yet the difference between 
the two setIJ of eases may not be 110 great as it at 
first appears. In the one set, an irritant causes an 
increASe or <liminution in the tUJ'gesccll(:e of the cells, 
which are already in tl. stale of change; whilst in the 
other set, the irritant first starts a similar change in 
their state of turgescence. Why a tOllch, 8light 
pressure or any other irritant, such 88 electricity, heat, 
or the absorptiou of animal matter, should modify the 
turgescenoo of the affected ool1s ill sllch 1\ mallner as to 
calIse movement, we do not know. But fI. touch acts in 
this wanller 80 often,aud on such widely distinct plants, 
that the wndency seems to be a very general one j and 
if beneficial, it might be incroosed to any exteni. In 
other case8, a touch pnxtuees a vcry different effect, 
as \\;lh NiteUa, in which the protoplasm may be seen 
to recede from the wall8 of the cell; in Laduca, in 
which a milky fluid exudes; and in the tendrils of 
certaill Vit!LCcro, Cucurbitacere, And Bignoniaoore, in 
which slight pressure causes a cellular outgrowth. 

}~inally, it is impossible not to bo struck with the 
resem blanco between ihe foregoing movements of 
plants and many of the nctiOll8 performed uncon. 
lJCiOll81y by the lower animals.t With plants an 

• For the e .. 1deuoe 00 tbu I'P. 173, 17~. 
be.<!, _ tile 'lIOTemellhi and t &cit.- ~m&I'b to DMrlr tim 
Habit.ofOlimbllll!'lallta,'I875, .... deet:" 0... &ich die l~~ 
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astonishingly small stimulus suffices; and e,'en with 
allied planb one may be highly sensitive to tho 
slightest continllfx1 pressure, and another highly sensi­
tive toa slight momentary touch. 'rhe habit of moving. 
at certain periods is inherited both by plants and 
animals; and severnl other points of similitude have 
been specified. But the most striking resemblance is 
the localisation of their sensitiveness, and the transmis­
sion of an influence from the excited part to another 
which consequently moves. Yet plants do not of course 
possess ncrves or a central nervOIlS system; and we 
may infer that with anima}g such struotures serve only 
for the more perfect transmission of impressions, and 
for tho more complete intercommunication of the 
semral parts. 

We believe that there is no structUr(l in plants more 
wonderful, WI far as its functions are concerned, thnn 
the tip of the rndic1e. If the tip be lightly pressed 
or burnt or cut., it transmits an influence to the upper 
adjoining part, causing it to bend away from the 
affected side; and, what is more surprising, the tip 
can distinguish between 8. sligbtly harder o.nd softer 
object, by which it is simultaneously pressed on oppo­
site sides. If, howcmr, the radicle is pressed by a 
similar object a little above tho tip, the pressed part 
does not transmit any influence to the more distant 
parts, but bendB abruptly towards the object.. If tho 
tip perceives the air to be moister on one side than 
on the other, it likewise transmits an influence to the 
upper adjoining purt, which bends towards the source 
of moisture. When the tip is excited by light (though 
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ill the ClI5C of radicles this was ascertained ill only i\ 

single instance) tho adjoining part bends from the 
light; but when excited by gm"itation tbe SAmo purt 
bends towards the centre of gravity. In almost o\"ery 
case we can clearly percei"e tIle final purpose or advan· 
t.lge of the several movements. '1'wo, or perhaps more, 
of the exciting causes often act simuitanooilllly on the 
tip, and one conquers the other, no doubt in aeoord· 
alloo with its importance for the lifc of the plant. 
'1'he course pursuoo by tho rlldicle in penetrating the 
ground mnst be determined by tbe tip; hence it 
has acquiI'C(1 such diverse kinds of scnsitiveness. It 
is hardly an exaggerntion to SAy that the tip of the 
radicle thus endowed, and hllying the power of 
uirecting the movements of the adjoining parts, acts 
like the brilill of aile of the lower animals; the brain 
!:Icing seated within the anterior end of the body, 
receiving impressions from tho sense-orgaus, and 
directing the sevenl.l movements. 
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_~ ... ;UM,IDII""'llC,nlofouty_ 

loo<>lB,I09,I2i,I"!8 
_ ,eirenlnlllltati"n"rHo"'er .. tem, 

'" _,lloctumalmovelPentofooty_ 
1~3U7,l1l2 

=,t':":;!:~~;:'~~~~ent of 00-

~1-:~;:~i:~:::'~h~~i~t~Oeirellln_ 
nutAtiOlluootyLedooa.ndbypo­
ootyl,~ 

_ , ootJL,-donl'ilring .. etli~llyat 
night, 114, II~, 117, 118 

_,nor""<I1.Iiliveoolyloo....nl,127 
_, l>OX"Iumal _fement or oot,,· 

ledon,307,8 12 
_,-.irepofk-sfClanduotofoo­

tyledonB. <ll~ 
_,mo"cIPCllt,ofle ... ",S27 

Pudoim (ll]Nll/iro, uooqualoot"le­
d(lnl, ~.i, fl. 

l'fUl<:rutillm /iIlOrl,/e,mowClllC1lt ot 
Lca ..... 2.5;; 

P..,..L>('liotropilm, Of diurntJ sleep 
ol'l()I."eII,f4!i 

l'~:f'7:ygti~~~~ e:~~:,.::ti:f 
],,,vl'lI,S83,!JiI.1 

---;~d~~Otropio IllOYtment 01' 

_.ecniitiv"nelj8"twmlrilg,!iSO 
l'OOI'fJ'li'i.""OIIl1u,cin:llUlUlllAtioll 
of~m.W3 

_, .nd down .... nI IDIIvemeni of 
roullgl~r,2:12.233,2iJ9 

l'ctiol«l, the, rIi.ul).("f, i!cnetlei&l to 
plaut "t nigh\., 402 

PdNllia rioidffl', lIo,JrII ... ud DlOVe-

",euland cireumnutationor .. ery 
y(IUnI:1~f,2IS.2Hl.269. 

rr~fI'er. Prot'.. 0II1he 1,,~(1! 
the «>11 .. 2; (>1, lluh-iulofko.l'l.., 
113. 117; 6100\1 IlI .. vemcnl.ll {If 
leave&. 2SO.'.!S:{,2SI; u"'"tumRI 
mingofle&vetlofM.l .... S'H; 
........emenb of HoaHI'U ;n J ... __ 
di.", gy ... .." 3.i8: on PJ.yllll"· 
Ih""Xi'Mri.:I88; ;1I1\"euooor" 
pul .. inu.onICtln",3:16;\lI'rilJdie 
..... ,'cm.'"t. of -.k'fopLnl!' leoa~et., 
i07.iO'l;lD01'ell)('Ul.lI"f{"'UII, 
iU; elf"etofbrighl,ulI~hll\flon 
le&fielllor ltobinia.,115;etli.'Ctof 
light on parl.I:poovLd,od wilh pilI· 
1'ini.SG3 

Plwklm Cu ... ri.....,; .. movemenwof 
old eeedLing8, 62 

_,cil'l,!umnutalionofootylooon., 
(;3,64,108 

_ , heliotropie,-_tanllcir­
eumuutatiolloleot)'ll'dontowuW 
allirulo.lCrallight,i27 

_,fl('n$itirenea.ofootylC<Lunto 
Hgh\., U5 

---, eft'~~t of udllfoion of ligbt 
rromti~orcot}'looO!ll,i.56 

--:-' Il1fUltier of benlling tu ... MdI 
I>gloL457 

_.efl('Ctl;ofplolutingwitblDdian 
ink,467 

---, tran""iUed effoew of light, 
.GO 

_.lIItel'lolillumllUltionof l ip, 
no 

-;b;:~~;],I:r'm!,"7;iol the 

~,chMnll'e frown MlmightllP' 
W.rdal~l'lacouNfltocir­
eamnuJaIIOD,iW 

~"I~'=~io DlOl'llUent of 

l'''''~ol.., JIernalt(li'.U, nocturnal 
loo.eluentofle.vOll.nd~ 

"" _"."n<llllkl,93 
_.uoeturnalmovclIlcntoflwyOl, 

8"" _,effeetoCbrightlunlhlneou 
IcaHe"H6 
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IXJ)EX, .)87 

l'haIrol ... ",odIlj1o"",IllOI'elllent of 
radiclo .. 2'J 

-,of youngnulieie, 72 
-,ofhypoootyl,91,9S 
_,scol,bveu_of&peIofrndicle, 

163--liJ7 
-,tomoi..t .. ir, 181 
-,Muteriolllltion&ndgrelUl8on 

thetipIl,5M 
_,nQCtulllllllllOvomen~ofl08vea, 

868 
-, nyetil,,?pioltm>-ementofthe 

fiut uuifollllte leavcl,B91 
_l1w:~u.rgh"",cff""l ofblight 

6Uulbi',eonfintleanlS,H:; 
-,nd~,,"",V:l 
-,.looporleaveR,:)IS 
_ ,vcrtiooI8illkingofiCllilei.lat 

ni):llt,3&l 
P hyll«Hlhuf Siruri, Ilrep of leaf. 
Jo~3S8 

_liHoida,lleepofle.>,'ea. 
887 

P;~1'f1tU Hmdl.ttii, rudimentary 
ootylooon~97 

Pimdia IpecllWilif,lloopof 1~-avC8, 
887 

Pinool'll. wooden, through which 
thel'lldioleof&bett.u wILSall"w".! 
tugrow,75 

1'1"'" luulriaM.ciloulllnulntionof 
lefllvc.o,251,2.'i2 

- Nord"",,,,,",,,«, nyetillOpic 
IOOvclllcntoflflll'el,389 

_ piow.lier. circumnulntion of 
hypoaotyl,56 

_, movement of two 0ppoilitt. 
ootyledona,57 

-,eircomnutationofyoungle"r, 
250.251 

_, ~1)in!l8lie d()WnWflnl mo,'(\­
mcntofyoung ICllf,2'0 

l'~tia ,1raJ.i<k.. m"V~Il}Cllt of 
leal'ea,2;;:; 

PUlim I(Ili~"m, II<.'Il$itivOlDOill of 
apc.lofradicle, HiS 

-,tipsoirndidel cauteriecd 
tI$Mvcneiy.53{ 

Planl.!l, ICIl.ilil"t1l6S11 to ligbt, 
.4 9 ;hY~I)iolDov~monlilof, 

'" 

l'I .. nt.e,elimbiulI:.eircumnutationof. 
2(; . ; movemcub of,559 

-,mMuro,cirouIDllutationrof, 
201- 2H 

P liny on the lOIecl'-morelDOnt.e of 
I'laol .. ,280 

P/umOOgoa.petU,'"eironmnUll'IIion 
ofatem,208,209 

Poi~,,;aRIJ GiUiu ii. ~iacp of le"'"C<I, 

"" Polt'J"",uma\'ku/a .... , loov(lIl'criieai 
fttnight,SS7 

-oonroit'ldul,8,nkingoftlle 
l«lve8atuiglot,81S 

Po:mutieria (ap.?), circumnut .. tion 
ofICll'"CII,256 

l'orU~da h,gromdr;oo, eiroum· 
nutalion Rn'l n)"e\itl\lpio mo,'c· 
mont.eofpcliel .. eflcaf,33.), 

'"' - ,efff'dor .... tering. S36-338 
-.leaflct~eIO!'!eddu,ingthed"y, 

'" Portu.laoa okm6&1, elfoct of ,Eoi-
diumou,IS9 

Prim,,/« Si_ {$, oonjoini circum. 
nutMionofhypooolylaudooty­
led()u,~5,·W 

I'ringiheillloDlheiujurytochloro­
phyll,Ht; 

PJ::Ji~~ "17~itropio mol"omenLo of 

PIOr«Jea a«luU" nocturna l mo,·~ 
menuofkaUela. 3:;~ 

l'kri.WIMili ..... rachillof. S6 
I'ulvini . or j()int.; ofootylffiona, 

112-1:!2; inflllenoo or. 0', tho 
movement. of ootyledouil, 8 13 ; 
effodoll nyditropic mo"omenta, 
300 

Q. 

Querc\I' (Ame.ioon '1'.), .. iroumnu_ 
to.tiou of youug al<lm, 5:J,:H 

-roollr"uovemcutofrudiclcll, 
M,5:; 

_,lIenaitiveneaaofape10f 
nuliclo, IH-17G 
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QUt'l"CUI .,iTem, manne. of gtrmina­
tion,85,M7 

Radiation at night, flffoct of, on 
I~ave., 21H-286 

RadiclC8, mllnner in which they 
penelrntQtiwl{rom,d,G9-77;cir­
en.mnulati.OD Qt,G9; uperimcnte 
wIth 8p1li Ilie~B, 74; with 
"'oodcnpinceNl,75;IIIln,itiycn~ 
ofapertooontactandotherini_ 
tanh, 12!j: of Vida/abo, H12-
158; vartOU~ e1llCrirneni8. 135-
HO;lomollU"yof"l'Ci!ullB,H3-151; 
power or lin irrih.nt on, com· 
JlBrodwithgootropisrn,151- IM; 
.w;IUitivellC811 of tip to moi~t 
8'r,180;with~tipll, 

:J~;; p1::.t ~~Ilc~~, orIW~l~~~ 
curvature or, IDS; IIffilctcdby 
rooiAtnre,I!)S;ti"alo!l(lIll!DSilive 
to gootropism, 5-11); protrusion 

~~~ C~~,::iOn~D h~gf~~~'!: 
8ibye, MIO; tho tip aet" like the 
loralt\ ofolle of tho !ower animal.., 
573 

-,IlCOOndary,lIelleith'clleaof 
the tips In tbebelln, 15\; booome 
verliealtyg..'<}t'<>vic,IS6-191 

Ramey on the movements of the 

~1~:~hu~rDa"!;= 8r:t~h:: 
'" RlIllullCUi..- Fit;aria, mode (If 
hrt1l.killg through the ground, 
&>,90 

-, .. jnglecolylcdon,96 
-,eff~'Ct(lrlalem!light,48f 
RllpJoa"," I(IUru, llensitivenl'U of 

Rl'e10fmdide,171 
-,81~pofcotyletlon8,SOl 
Ruttan, Mr"o" the g~rmin/ltion of 

the -'~ of lfttJllrrh,'za OJl"/or-
.. ioo,82 

Relll\.iou between cireumuutBtion 
Ilndheliolrol'ilim,.f35 

R~~odorata,hypocotylof9OOd. 
lingOllighUyheUotml'ic,4M 

Rt.ve ... ion,duetomutiIRtion, l90 
lIhi!'f'lIi.«wythll,rudi01cntBryco. 

tyledon8.97 
Ricinu. lhrbot,ino.if , clreumnuta· 

lionofaro:hedhypoootyl,5:l 
ROOinia,efl'ed of bright sunshine 

on ill! J""ve~, 445 
-~M<."iu,IooHeUvertie'" 

Iltnigbt,SM 
Uodier, M., On the movemcnt8of 
C~ratopl,yilumdelll<TrUm,21t 

Royer, CI<., on the 810i:j}-mo"em~nt:s 

l::..:';i~~til~~ ;1:'v~e01~~~ 
oogomacu/ata, 345; on lri!taria 
8"-';'.354 

Rubul idtnif (hyhrid) cifflu.nnutB­
tion of~t~m, 205 

-, Rp.:>g(lOtropie mOl'cmcnl of 
$le01, f 98 

Rniz and Pavon. Oil PorIkria h1l' 
urometriea,336 

SACH60n"re"rolvingnutaiion," I; 
intimRWOO1t!lection between luI'­
geeecncellndgrowth,2, ... ;coty­
ledonorlheonion,59;adllpt&­
lion of rpot-hRi .... ()9; Ihe mOve­
mcnt of too mdiclc,70,72,73; 
movement in the hYf".":"~yht or 
th ... beau, &c., 91; llen~'tlVenl'8e 
ofradiclCil,I8 1,145,198;8e'18j· 
tivcneel of the pritlUlryradicle 
in the bt'lln, 1M; in thcoom­
mou pee, 156; e/fect of moi.t 
lIir, ISO;ofkillingorinjuring 
the primary radicle, 186, 187: 
ciroumnut8lion of flower-Items, 

~5ieactf~~~~' ~/~l~\'e=~ 
..,.tum, 3.5(1; action of light in 

~~~~' ~~glc!~:s. ff;~! g'!,o,;: 
pi~m lind hcliotropi~, 4$, Il.; 
on Tropaolum majU!, 453; 

Th k f h rl 



l~DEX. 589 

:,~~~ :Jr.:~ ::~~ ~~~ &;or' "igrrl, .Ieep of 0fJt,-1~ 
:::I~~nOfot I~i~!;, !i~;;~:: s":;:tc, ~r."" t.tndril. .phel~ 
perimenlll on lilN of niticlCII S",jliti{J PfWNdii, non· fl('Miti~ 
of \w.n, li23, li2~; curvature of 00Iyledou,,127 

~~w%~:t:.I~~~ ~od:~:~ --;';~~~~~~ft ~7r~~:tm~r2~~~ 
571 276 

&,..",Cf!IIi .. )lOI'P".tn, eilt'HOlllula· -, cotyledonl not Ileeping at 
tion of young 1,Itl:h~r. 227 night. 80S 

&:!~':roo of=ti~cli~ed c~~,:: S;;; 'f~rtlee.l DlO'f(lmcnt or lean .. ., 

218 -_ilil'Q,.n.iti.~olcoty. 
&A""R!-i" acttlMta, nyclitttlJlio ledoI .. toOOQlael, 126 

E:=~: nl:li~::·'~~ ~~;;IOJ~;:~~ft::~ai 
_ttorle&ftet.t.SSI SobJ .. II ... d._,....eiJeumnow.. 

&c..rigtra OOMAilla, nocturnal tingt.tem .. 200 
mo'ft!'ll1cnl.llor!eaftet.,~2 - 1,1"Optf'''cII-. lM1'ement of 

8oed_pllIl!eII, burying or.5 lS hypoootyl.MI 
8oed.coat., rupture ol. 1(12-106 -, ol ootykd<m .. 50 
Seedllni plant .. e)l'I'umnutating -,ctroct otdarkneu, 12t 
mO'e",~nt~of,IO _,riling of ootyledonB at night, 

&Wgi~~l/o, dreumnut/1tion or, 258 8()(l 
- KruuHii(?),cil'l'lImnlltation of - . h~liolrvpie movemcnb ol 

youngrllnt.W hypocotyl,~2 1 
SidoNup!""l.det,re-lonoflee.\'e.at -,etrectorln intermitteut l ight, 

night.SZ2 457 
-, no p ... hlu\U. S22 _, lipId heli!ltropi8m. 461 
-rflll«l.'~rtieAlritingollea-, - pol, .. , .. ('."otA ..... Clrcumnu 

S22 tlltiouol.rchedIIYJIO'lOtyI,51, 
-...wINbl:foliCl ... eepofootyl....oon., 100 

80S -,orootyleAatl,51 
_,lieco{, oflcs'fee,SH 1-.ellipeeillef('riOOd.bY b)1JO-
_.'f6rticlltilingofle ..... e.,S22 ootyl .. heneted,I07 
-. uo polvinn .. 822 -. oocturnal mo'feDIen~ of CIOly· 
_.circumonUllion I"dnydi· ledou •• BOO 

tropicPlovcmenbofl(lllf ofyoung Spargani"",ru_"m,rhiZOlDCllof, 
pilmt.822 189 

- . nyct.ilrople movemenl of Spharoph/J«l ."'fOia. ming of 
leavell. 007 lot.n~I.II, S55 

Sitgtlb«k.(. ~nlol~, Ilef'p of Spi1'Ol}yra prill«Jlf, mo'~ment' of. 
lee.ve .. :jl l),3&I 2:;1) .... 

Si:,!,.;. Clfh:'I\i~Il>eP~iDg to- S~~!~,~; . .hootl~~~~':" ~h~: 
-. tlaDllnittCdetrecot of hgbi 00 HucnoeollightOllI.-.n:n·IIpOrea, 

ndide., 482, 483, Mn 488 .... 
~8Gth of radielc. in dark· Bt'ai!~~~4~irculDuutation 
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&optlil1 .oarpt<'/(>II, minnie ooly­
lOOQIlS,{l7 

SUIIMia "'Mia, nocturnal 1nO'I"t'­
!))cntoflet1vfil,~i 

S\(>m~, ei,.eumuulatioll of, 201~214 
BlnlonR, or UUll""'''_ eirollnlDlzta_ 

tion of, 214-22~.!iSS 
Stl'!l.bur~er. ~n th~ ~ffcd ef li~ht 

Q11~pore80r J[<cm"10I.'Cua,~~5,n. ; 
the inHueuoo nflightonlho 
.w"nn·~poro .. 4Si! 

Stnw!.>erry, dolon~ (>f Ihe. circum. 
tlnt.'t.-, hut n .. t aifeded byroo<ic_ 
mtelight.45! 

Slnphi~1'II flori/,und"m, ciroumnu­
tnti(>u o.n,\ nyclitmpic mO\"\~D1cnt 
ofle&"ea, 391, 39'! 

Ta=~,~,:~~ (}f~:~7is. ;l~cti'roPio 
Trnni.-cra.:.] .. l"'liott(}pi'mu~ (of 

}'mnk)ordiahc\ iolmpi,m.438 
'It<>po'inata ... ,un«tua!oolylodon,. 

95,n, 
T<!COYIl(, Nul;""",. st.-twI aphelio-

tropi~ •• !it 
TtpI<"""""Mrtw.a,351 
Termino\O'.,':\',S 
T/w/i'ldealbala,slocpoflcaVCB, 

'" - , \u.teml IDOH,meu l of le,nell, .0< 
TriciwoanIMion!l"ina.Rctionorthe 

pegonllle."dielc,l0-4 
_.lIoclurnll!mo,-cmontofooty_ 

ird<m8, SO~ 
Trifdium. )OIitionofterminni iee.f. 

ieu",uight.282 
_g/0004"m .... ilhhninprot('(!ting 

thef;l)(!d-bearingHo ... en,517 
- ~lIm. muvement of 

ootyledon8,SW 
- i"C(lrna/um, movement of 

ootyiedon!!.!IW 
-l'anllOllieum.shapeof fint 

true ltar, 3.W, ~15 

Trifdium praleliM:, len'l"c, es.poocd 
"I night, 2~3 

- re~ .... drcumnutation <jf 
flo;> ... eNU,m.225 

-,circumn\L\.II.tin)("andepinlll!tie 
movement' of flow~r·.tom, 276-2,. 

-, nyetitrojlic mO,'oment of 
iea"el!, 8~9 

-, c1rcomnullllion and nyeti_ 
lropio mo,·cm··uu of l.erminal 
lcaHch,85:.!,:l53 

-,.leepmove"'ent:o,S~9 
- .. eluJlinu/um, nOjmhini to 

ootyledon~. 118 
-,eircuro!,ut.Jtionofst.:>ID,204 
-,ctrectofC%]lOIiul(l lit night, 

'" ---;;Jght~ltr~~= not ming at 

-, eircuID,onlstion and nyeli -
tropic "'<j"em~"U of terminal 
leuftch.S5!,8:t2 

- '/ridum, mo"cmmb of ooly· 
kdomAlni.~ht, 116. 118 

-,noolu"''']An(/(liurunlmovc­
m"n\8 uf ootyioooll', 309--S11, 
'IS 

-, movem~nt "f the 1cft-hand 
ootyledou,!l16 

- lUf,term_m, mO'l"l:rocnt of 
flo ... or-hesds,71 

-, ofootyledon.at night, 116, 
118,809 

-.circumllutstionofflower-at.em, 
22~, 225 

-,circumnutation and nyeti· 
tropic lao,'emcntil of le,,~e~. 3M 

-,number of ellip8ll3in 24 
hours,4otl 

-, buryiug ill flower·Leluls, 518. 'I. -,do'l'"wardmo'I"Ctnentof]>('_ 
duncie.515 

-.eireumnutatinglllQ'I"ementof 
pedunde.51~ 

Tr~~laC,""lica,8ieePorloo.,·eB, 

T~:::;: "f,fft=~e ~=;~~ 
189 



T~i_I,,*_ ~,rII, Ie",iti.-ema of 
1l»f<JIra.lWI~I"mu"'t .. ir, IlH 

~r:;,~":,r-::~i'!I{:~O ':;~:~~ 
_,cil't·u,nnu!.3tioIlOf.km,21}1 
_ .illtlucllct>f>llIlumi"lItionon 

nyctitnll';C lMI'CIll~ntl, :l3d--SIO, , .. 
d~U::~I~~~~:; o~~~~:;f o~n~ 
~'~~~\lIf;I:,;~te~u""rd8 a 

IIW!n.lli\{ht, ~90 
-, .willi of v~'1 young planb 

bighly hcllutrople, ,of 01.1 planu 

~~~~:~~=t:~I~;,>3iiH 
__ i"",1"ciI'!:"IlIllDulationof 
bllried(lllda~htdcriootyl,27 

Uln, or go",,', fI~i·formed lea! of, 

'" Urnria/"!lQI,"_,nrtil!1l\ iJnkingof 
il!1ltld'niuil:ht,~ 

V~ch~r, on the Lu .... i,,::' of U\e 
Ho ... ~r-ht! .. dl 0( 1'r;j,Ji ..... nib­
tern> ......... ,513;onlheprvtlle· 
lionof-u,::;li 

Ve.6ua _li,.,l_ (!" cireunmuta· 
liuOof.lem, 210 

_, apol{(lutlOpic mo;emcnt of 
lU'm,i~ 

l'icillfaba. dfCumnutntion of Ill-­

dicle.2'J,:W 
_.orcpkntyl,S I-33 

=:~~~\W:,i'n::!.h!l~il,~ fa. 
dicle,I:l2131 

_.oftloetiv-of.econdJ.'1fa· 
dk:k.,l5I 

_.ofth'\I'rimaryradicleabo.-e 
the'peJ:,1M-1511 

-, .-amuaupenmenta, 135-149 
-,.um~'10fre;oult •• U3-151 
-, powu of an irrItant 011, eom· 

~red aith tlO;U or ge<>tlOf,i.o<m, 
j!\1-1:\1 

nriaf"oo,clrenmnulUtiouofloo.-e&, 
2:.L3-2:l5 

-,cireunlUulationofu,nn:nll] 
Irotlel,23,} 

_,ef!'eclnf"I"'g('()ll'I'lpis",,~H 
-,cfl'o'('lur"lIl l'utlLtin" lhetip!l 

ormdi~ICI,::;:![l 
-,re)..'"<l"c~li""ort.ip .. !l26 
-, .• hurtUI~uretogootrupie 

... 1100,::;27 
-,rur""taol'amputalingthelil"l 

obliqu..ly,528 
_, or ee.ulcrLoln'l" the til'",529 
-,Ofl{n. .. .eoolhelip"';)31 
nnee,)h.,tllto.lIgru"lh.S 
Yrie.,.I)c, ontul'lft ..... ·'-.2;on 

epinaely .11>1 bYI~JI ... ty, 6, 2Ul, 
2~; the I'r.,terti'>U of hypo>­
ootyl.durin;j .... int'·r, 5.'J7; 8toloD.II 
.phdiotlOll'C, 11J8; tllf! uyd;_ 
trvpio nl()\·,'",~nt .. r l .. v ..... 283; 
tho l""itionof 10001-e.iIlHnCIlCf'(1 
bycpinll.ly,thoiroll-'IWC'i"htllud 
.. ~trvl'iIUl,HO;AI)/)A'ootro­
I'l.oW ln l'dioleolRlI<iUlidrib.,H3; 
tho.tolnn.nf.tra ... b(,rri"',UI; 
iliejoiow or Iluivini "f the G ... • 
min-.W2 
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592 INDEX. 

Wiukler on the p ..... teeUonQ(eee<!­
ling., lOR 

W,'.oIariaSi_"',lcaftdOldep_1 
atnill'ht,S5t 

-,cin:monutatiollwilhla.iernl 
light,t52 

~)["Y"/i:ootropiemo\'cmonto( 
radidee,G5 

_,l!CnsitivcnetlBof&pc!l.of m­
diohlWront.wl.I77- 17!l 

_, -.ndtlry mdide8. 179 
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