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THE

CAUSES OF FLUCTUATIONS IN TURGESCENCE

m roE

MOTOR ORGANS OF LEAVES

INTRODUCTION

Tae following pages contamn an attempt to demonstrate that the great majomty,
if not all, of the t sp ts of lugher vegetable orgamsms,
whether of a nyetitropic character or ansing i connection with other condittons
than the moadence or removal of sunlight, are not dependent on the presence of any
specially wntable and confractile protoplasts within the motor orgams, but on purely
phymeal ted erther with fluctuations in the osmotic capacities of the
txssue elcments or with alterttions 1 ihe relations exwsting between local or general
supply and Joss of water This may at first sight appear to be a retrograde view,
but at the same tme, I feel assured that 1t 19 more m accord both with acteal
fact and with evolutionary doctrine than that which 15 commonly accepted in Europe,
at the present time, and 1t 15 one which I have arnved at only after more than ten
years of almost continuous study of the subject

C les of t t sp are relatively rare m
plants 1n Europe and have therefore, to a great extent, been studied there
connection with tropical plants growng under very abnormal condittons Ths has
not unnaturelly grien nse, on the one hand, to an over estmate of thewr exceptional
character, and, on the other, to mperfect and crroncous conceptions n regard to the
conditions under which they i} fest themsel But withun {hc tropies
such movements and epecially those of a nycmmp:c character, are so widely diffused
that they may readily be made the subject of continuous obweriabion under normal
conditions, and with this the tendency to asembe them to esceptional causes s
proportionately dimmshed

Obseriers 1n Europe unquestionably have many great advantages the clmate 13
fasourable to strenuotts work, they possess very great advantages in regard to the
ready acquistion of epecial apparatus, and they can constantly avail themsclves of
shilled cnibiersm of any conclusions at which they may armve  But, at the same
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time, they labour under certain disadvantages in the study of the physiology of
iropical organisms. They cannot place the latter under strictly normal conditions,
and are therefore constantly liable to assume that phenomena which present
themselves under unnatural conditions may be taken to represent those occurring
ander natural ones. The phenomena of movement oceurring in plants with their
roots cramped within pots and exposed to guite abnormal atmospheric conditions can,
in no sense, be taken as affording accurate indices to those ocewrring normally.
Had Sachs had any practical experience of tropical conditions, he could hardly have
seriously entertained the idea that the power of movement possessed by the leaves of
MMmosa pudica has heen evolved in connection with the protection which it provides
against injuries from hailstorms!
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CAUSES OF FLUCTUATIONS IN TURGESCENCE

IN THE

MOTOR ORGANS OF LEAVES

CHAPTER I

The eosentin] natuce of turgescence an begetable tssues, the canses
qng nise to fincluations m 1, and the barons cffects
whick the latter map produce

As oll the masmive movements oceurnng 1n the higher plants, and which are
ordinanly ascnbed to thewr irmtable properties, aro directly dependent on vamations m
turgudity, it soems to be desirablo at tho outset briefly to consider certam ponts regarding
the naturo and causes of the latter conditron

Turgidity 18 a condition 1 vegetable tissues m which they contan & greater amount
of hqmd than that sufficing for therr sumple saturation In other words, turgd fissues
contain more Lquid than they are capable of accommodating as the result of thewr
passive physical eapaaaty. The excess of hquid content 1s the result of the presence of
osmotic maternals within the tissue el and ats must ly give
nise to certamn effects mn these, to an increase n smze, to elevation of conditions of
pressure, or to both of these bined 1n various prop In the case of free proto
plasts mmple ncrease mm sze will occur, and in most tissues increased intracellular
pressure will amse m those cases where the coll walls are ngid eher intrmsieally or
from their relations to neighbouring parts, and varymng combmations of incressed mze
and imereased intracellular pressure where the cell walls aro extensible and elastic

In tho great majonty of casos turgrdity 1 vegetable trssues 1s essentually dependent
on their continued witality, but at the same time the occurrence of cases mm wlich we
find 1t existing 10 the highest degreo after the death or even entwe removal of the
protoplasm show that 1t cannot be directly caused by the latter There 18 no direct
relation between turgidity and the presenco of living protoplasm m the turgid elements
but yet Lving protoplasm 1s nccessary m order to the development of turgidity, as it
19 due to the p of products of pl activities that the latter arses The
condition which holds a dlrect causal relatmn to turgidity 1s the presence of osmotic
materials within the protoplasm or cell sap, and these matersals aro the products of the
functional activifies of the protoplasm Whether the actual presence of living proto
plasm 18 necessary or y to the of turgidity 1 a tissue 13 determined

A~y Rov Bor Garp Cancurta Vor VI
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by the nature and amount of the products to which its osmotic properties are due.
Where the former are unstable, the cessation or alteration of protoplasmic activity will
at once give rise to corresponding changes in the degree of turgidity; where they are
stable and present in considerable quantity, turgidity may remain for long, inappreciably
affected by death or even complete absence of protoplasm. So long as the osmotic
materials which are the direct cause of turgescence are present, the lattor will persist
under conditions of sufficient water-supply, &e., whether protoplasm be present or absent,
and no action of living protoplasts, unless affecting the stock of osmotic materials, can
produce any effect on the turgescence of cells.

It may perhaps have bcen observed that the statement in regard to the effects of
turgescence on tissues is a qualified one. The qualification is necessary, because it does
not invariably happen that turgescence of the protoplasts of a tissue implies turgescence
of the latter as a whole. So long as any protoplast retains its vitality, so long as it
continues to exercise its functional activities, it appears normally to be more or less
turgid, and the coincidence of protoplastic and cellular turgescence, which we find
constantly prevailing in most tissues, is due to the relation which the protoplasts
bear to the cell-cavities within which they are situated, and to the fact that even
minimal normal turgescence in the former implies a certain amount of active internal
pressure in the latter. In any case turgescence is due fo the presence of certain
products of protoplasmic activity, but so long as they are confined to the interior of
the protoplasm, either diffusedly or within accumulations of cell-sap, and the proto-
plasts are situated within cavities with rigid walls, it is clear that various degrees of
protoplastic turgescence may be present without any coincident turgescence of the cells
as a whole, and that depression of protoplastic turgescence below & certain degree
‘must give rise to phenomena of natural plasmolysis. The fall in turgescence in the
protoplasts implies a corresponding diminution in their bulk, and as the cell-walls are rigid
this must tend to a separation of the protoplasm from them. In such cases we have
plasmolytic phenomena arising from intrinsic causes, whilst in experimental plasmolysis
they are due to extrinsic ones; in artificial plasmolysis the exosmotic property of the
medium is raised; in natural plasmolysis the endosmotic properties of the protoplasts
are lowered. ’

In the great majority of cases, however, no such phenomena presént themselves
under normal circumstances, and even minimal protoplastic turgescence implies a certain
degree of turgescence of the tissue as a whole. The interior of the cell-walls is thus
constantly subjected to a certain amount of pressure, which may or may not be accom-
panied by correspondingly active distention of the cell-cavities. The actual degree
of tension present at different times, however, varies greatly, the variations being deter-
mined by two perfectly distinct sets of factors-—factors telling on the absorptive and
retentive properties of the cell contents, and factors affecting the supply of water
available for absorption and retention, or causing variations in the conditions of exter-
nal pressure to which the cells are exposed. The former are directly related to the
functional activities of the protoplasts; the latter to the general loss and supply of fluid
dependent on atmospheric and telluric conditions, to conditions affecting the water-
conducting elements of the tissues, or to ‘conditions determining local alterations in
pressure in the abscrptive tissues themselves.

. Accorc%ing to tht‘a relations which these two sets of factors bear to one another at
different times, variations'in the degree of turgescence of the tissues must necessarily be
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tabhished  Wheio d favourng the f of end products by the
plasts are present dently with cond unplying sbuudant general supply and
smnll general loss, and m the absence of any special canses for active local filtration,
turgesconce will miturally attmin its maximum, where active formation of endosmotio
materials comeides with conditions causing deficient supply or excessive loss of flmd, the
result m any ndividoal case will be determmed by the degree to wluch each of the
opposed sets of factors happens to preval, and, where a small forination of endosmotic
mateinals and conditions favourmg loss or obstructing supply of flmd occur comedently,
1 degrees of turg will naturally present then selves
The varations in twigescence due to the mteraction of these various factors must
necessanly give rse to varwous ultimate results mccording to the nature of the tissue
m which they occur, In the cases of tissues m wlich the conditions for the occurrence
of wnatural plasmolysis occur, verying degrees of contact or soparation betwecn the
protoplasts and the cell walls will be present, which may be accompanied by conspicuons
m colour, especully whero the protopl: meclude col d contints In other
cases varymg degrees of intracellular pressum will constantly prevail which may or
may not be accompanied by corresponding variations m bulk of the tissue  Where the
cell walls are mgd, either mtrmsically or from thew :elations to neighbourmg parts,
varations 1 ntracellular pressure alone will be present, wheie they are extensie and freo
to extend, vamations 1 mize will accompany this It 15 only in the latter caso tiat varia
tions m degreo of turgidity can give e to conspicuous massive moiements, and 1t does
not, of course, follow that such should invanably present tlemselves even under such
conditions Vanations mn the size of the constituent elen ents of a tissue may result m
mere general merease or decrease of 1ts bulk, and 1t 13 only where vanations mn turgidity
affoct opposed masses of tssue m unhke degree that massive movemeats will accompany
them,
Mers vanations m pmtoplushc turgxdlty Iy give nse to very comspicuous ch:mges
m the colour of masses of tissue, varetions in the turgidity of the tissue elements as
2 whole, 1 cases where the cell walls are ngid, may cause appreciable vanation m consist
ence, but canoot serve to induce appreciable varauons m bulk or massive movements,
vemations 1 turgadity of entire tissues with extensile aud elastic cell walls wall eanse
variations mn bulk which may or may not be d by D ot
according to therr distrabution
Fluctuations 1 turgdity are then, ander certamn circumstances, efficient m giving
nse to massive ts m end may th lves bo caused exther
by vanations an the nature nnd amount of the products of protoplastic activity, or
condations of supply and loss of flud , and the question next arises, are they the only
efficient agents m producing this resuh, or may the mctive exercise of contractile function

not be one also, as, d to pted opinion, 1t may actually be ?
So far as pmtoplusts are concemed, lt 1s readily conceivable that active contraction
may d m  turg and  theref i buk, by causing the

discharge of fluds meluded withn their substance, but the queston which we have to
deal with 15, how far 1s mere protoplastic contraction likely to be eficient 1 giving nise
ta nlterations i the turgescence of cells? In considering this we Imve m the first plnca
10 bear 1 mind that, 1n so far as the aetive protopl 19 , we have q

evidence that contraction does not imply any appreciable nltcrnhon w bulk, but mere

changoe 10 form, and that thercfore contraction of a protoplast mituated withun a ccll canty

Asx Rov Bor Garp Cawcvrra Vor. VI
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does not in itself determine any appreciable diminution in the mass of contents
of the latter, but at the utmost a mere rearrangement of them. Active contraction will
give rise to increased pressure in fluids contained within the substance of the contracting
protoplast, but as these aro relatively incompressible, the utmost that this is calculated
to give rise to iy n mere redistribution, a certain amount of fluid escaping from the
interior of the protoplasm and accumulating between it and the cell-wall in plasmolytic
fashion. In so far as alterations in the mass of ccll-contents are concerned, a protoplast
contracting within a cell is practically the parallel of a mass of muscle contracting within
o closed vessel of water. The distribution of the muscular mass and of the surrounding
water is altered, owing to the change of form oceurring in the former on confraction, but
the total bulk of content of the vessel remains practically unaltered.

Mere protoplastic contraction being thus insufficient in itself to give rise to diminished
turgescence in cells, we have mnext to consider how far we have any remson to believe
that any redistribution of the cell-contents accompanying it may be capable of doing
so. Were turgescence in cells necessarily dependent on the presence of fluids included
within the substance of the protoplasm, there would be good grounds for supposing that
any discharge of these from the latter might lead to diminished turgescence; but as
we know that turgescence is directly related to the products of protoplasmic activity
and not to protoplasm itself, and that it may be present in high degree apart from the
presence of any living protoplasm whatever, we have no grounds for regarding any mere
redistribution of the cell-contents, apart from alterations in their osmotic properties, as.
efficient causes for alterations in cell-turgescence.

1f contraction of the profoplasts implied increased pressure onm the exterior of the
cell-walls, or were necessarily accompanied by change in osmotic properties of the cell-
contents, it might well be accompanied by diminished turgescence; but as it certainly
cannot lead to the former, and as there is no evidemce that it is necessarily assocviated
with the latter, we are justified in regarding it as incapable of affecting cell-turgescence
either directly or indirectly. The essential factors which determine the normal fuctuations
in turgescence in vegetable cells are alterations in the osmotic properties of their .contents
and alterations in the conditions regulating general supply and loss of fluid or local
filtration; and it does mnot appear that protoplastic contraction per se is capable of
producing such changes.

Because conspicuous massive movements occur much more frequently in the organ-
isms of the higher animals than in those of the higher plants, it has been assumed that
the mechanism whereby they are produced in the former must necessarily be that which
couses them in the latter; but this is of course no matter of logical necessity. Move-
ments in an organism may be arrived at by two perfectly distinet paths—either by means
of alterations in form or alterations in bulk - of its constituent elements ; in the case of
the higher animals the former, and in the case of the higher plants the latter, is that
which has been followed.

The lines which evolution has pursued in the animal and vegetal series are divergent;
in the former contractile and, in association with this, irritable function; and in the latter
assimilatory function has been progressively highly specialised. The higher plants, owing
to their great superficial extension and highly evolved assimilatory capacity, are enabled to
obtain sufficient nutritive materials from those supplies which are generally diffused through-
out their environment; consequently any special means for bringing them in condensed
and massive form into immediate relation to the organism are unnecessary. In the case

[y
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of the higher ammals, dependent us they are on supphes of concentrated mutritive
materials, such means are essentiil The end to be attaned mn both cases 13 5 due supply
of nutmtive materal to make good the constant waste to which living protoplasm 18
subject 1 the exercise of its functional properties, 1n the one case this hes been attamed
by great specialsation of assmlatory function and great extension of surface, m
the other by great speculsation of contractle and imtable function Even the most
t protopl a certan amount of contractle function, but in tracing
the course of evoluhon along the ammal and vegetal senes of orgamsms we find that,
whilst m the former this lms becoms more and more nghly specralised, m the latter 1t
has remamed m relative abeyance, while assimlatory power has become predomumant, so
that 1t would be just as surprsmng sod snomalous to find any of the igher plants
exlubating phenomena implymg the presence of hghly specialised contractile apparatus
s to find any of the higher ammals capable of supplying their nuintional requirements
from purely morgame sources
Both on & priore grounds and 1n the light of abundant posmtive evidence there 1s
thus good reason to believe that massive movements in the higher plants are not related
to the excrcise of contractile function, but to assmlatory function as affectmg the
osmotic properties of the tissues, or to purely physcal causes influencing general or
Tocal supply and loss of flmd

CHAPTER IL
Tuegidulp ns Msfinguished from simple saturation

It 1s not difficult to adduce evidence showmng that turgescence 1s distinct from mere
saturation of twssues, but perhaps the most strikng proof 13 that which 1s afforded by
the phenomena presenting themselves m connection with the exposure of many succulent

tissues to the action of thet: The d ation 13 peculiarly striking m such
cases, because the materials on which the turgescence of the tissue depends are unstable
m constitution and are mot lated m auy derable amount, so that any depres

ston of the finctonal metvitres to witok ¢hey owe ¢hor ongur 1 at once followed by
2 discharge of Awmd from tho cells, and because, as Dubos has pomted out,* the area of
the mtercellular spaces 19 too small to accommodate the masses of 1t which escape, so
that free exndation takes place upen the surface through the stomatic omfices The follow
mg experiments nlustrate the nature of the pb 7 th tves 1 the case
of varions common suceulents —

A —Kalanchoe lacimata

Erperiment I —A leaf weighmg 654 grammes was set m n chloroform chamber at
109 ax A certain degree of darkeming in its colour and wimble exudation of minute
drops of flmd upon the surface were recogmsable at 1017 ax  The exudation advanced
rapudly, and at 1230 P the leaf had become somewhat flaceid and hed scquired =

* Mecanusme de 1action de Anesthés ques Dr R Dubows Revue Générale des Sciences September 1891 p 661
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brownish olive tint. At this time it weighed 578 grammes, which, as the fluid of the
exudation is practically of the same specific gravity as wator, indicated n loss of 0-8lc.c.
of fluid. It was returned to the chambor, and on the fullowing moming it was guite
flaceid and weighed only 542 grammes, corresponding to a total loss of 1:12ec.c. of
fluid during the course of the experimont.

Erperiment IT—A leaf woighing 872 grammes was sot in a chloroform-chamber.
Abundant exudation appoared on the surface within five minutes, and, after six minutes’
oxposure, largo pools of fluid had alrcady formed at some points. It was now gently
wiped, and when weighed was found to bo only 7-62 grammes. Having beon thoroughly
washed, it was next set in & common moist chamber, with the cut extromity of the petiole
immersed in water, Active exudation continued to occur, and four and a half hours aftor
the beginning of the cxperiment it was quite flaceid, of a dull, yellowish, olive colour
and weighed only 6:67 grammes, cquivalent to o total loss of 2:05c.c, of fluid, and to
a loss of 0:95 after removal from the chloroform-chamber and subjection to the influence of
o saturated atmosphere and i:rca supply of water. It was returned to the moist chamber,
and en the following morning was found to have sustained an additional loss of 034
of fluid,

Ezperiment I1I.—A leof weighing 7-46 grammes was placed in a chloroform-chamber
for two minutes and then transferred to a simple moist one, with the cut end of the
petiole jmmersed in water. In three minutes from the boginning of the experiment
visible oxudation was present, and three hours later the surface was everywhere
conspicuously moist, and at one point there was a small pool of fluid. On the following
morning it had quite recovered and weighed 7'52 grammes. In this case we have an
example of the results following mere temporary depression of protoplasmic sactivity, as
in the two previous ones we had examples of those attending its complete abolition.

Experiment IV.—Two leaves, neither of them being very turgid, were set in a
chloroform-chamber. At the end of three hows’ exposure they were both quite flaccid
and discoloured, The loss in weight in one () amounted to 0'81 grammes and in the
other (3) to 1:02 grammes. They were now set in a common moist chamber, (¢} being
totally immersed in water, and (§) being set with the cut end of the petiole immersed.
On the following morning (e) showed a farther loss of 0'33 grammes and (2) of 0-36
grammes, but as (b) was originally heavier than (¢) by 1:33 grammes, the relative loss
in the latter, slthough totally submerged in water, was greater than that in (8), which
was only subjected to the influence of a saturated atmosphere,

Ezperiment V.— A leaf, weighing 512 grammes, set in a chloroform-chamber, began to
show visible exudation in the course of six minutes, and at the close of ten minutes had
discharged large pools of fluid. It was now removed and carefully dried, and on being
weighed showed a loss of 028 grammes. It was next at once submerged in water, and
on the following morning was quite flaccid, of a yellowish colour, and showed an addi-
tional loss in weight of 0-74 grammes. This conclusively shows that complete submersion
produces no appreciable effect on the loss of fluid attending the action of anwsthetics on
living tissues; for the total loss of weight here amounted to nearly 20 per cent. of the
original weight of the leaf, which is much higher than that which often occurs where
the fissues are not submerged.
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Erperanent 71 ~—Two leaves, weighmg together 36 grammes, were set 1n 2 collecting
glass funnel over & receiver m a chioroform chamber  Qu the following day they weighed
3201 g , and o derable q y of & yellowish strongly acd flmd, with a
spetfic gravity of 1030, had accumulated m the recewver 'lhey remamed for twenty
four hours longor 1n the chamber, end at the end of the oxperiment had sustamned a
total loss . weight of 4 86 grammes, or 135 per cent

FEzperiment  VII~-A large losf, ghing 88 , was suspended free over a
collectng funnel, With a view, as far as possible, to uvord maceration of the tissucs by the
oxudation, and set m a chlcroform chamber It showed the usual phenomena of fres
exudation and change of colour, and ultimately lost 1409 per cent of us ormual weight
ihe strongly neid, yellowish flud which collocted 1 the recewver hnd a speasfic grawty
of 1000

the amount of freo exudation faking place 1 leaves of tlus plant, and probably of
other spomes also, vares greatly with therr sge Young leaves yield much less and
consequently sustain much less loss xn weight than old ones, this bewng no doubt partly
due to the mtercellular spaces in the former bemng relatively considerably larger and
affording more accommodation for the fiwud on ats escape from the interior of the cells

Ezperment VIIT~-A leaf st m an aleohol chamber bogan fo sweat within
twenty three ymnutes, and 10 the cowrse of three hours bad cxuded large pools of fimd
On the followmg duy it wes of 2 yellowisk olive colour, dryish and buitle 1 texture,
and showed a loss of 20 06 per cent m total weight

B —Bryophyllum calycinum

Experunent L —A leaf, werglog 6 44 grammed, was placed i a chloroform chamber
Withm tho course of twenty mnutes the under surface had assumed a darker green twnt
than 1t had ongmally, due to duspl t of mr from the mtercollular spaces and 1its

by hqud ping fro:n the mtenor of the cells, and at the sawe time free

exudation appeared on the surface m the form of minute drops situated at defimts pomnts
along the margns A Iutle later exudation also mamfestod itself over the upper surface
generally , here, however, at no particnlar powts, but merely showmg a tendency to
distributton over the course of the vewms Two hours alter the begmning of the expert
ment, the leaf was throughout of a pale yollow colour and had lost 013 grammes 1

weight The relatively small loss of weight and the rapidity of complete discolouration
o this exp t us pared with those i which Ealanchoe leaves wers
subjected to sumilar treatment sre doubtless to be ted for us the result of the
presenca of a relatively extenave mtercellular system, which on the one hand afforded

y lasge dation for the Tiqud escapmg from the mternor of the cells,

andron the other brought the latter more readily mto relaton to the anwmsthetic

C —Euphorbia antiquorum

Expermment L —A shoot, weighing 1126 grammes, was set m a chloroform chambex
Within sn hour and = half the entire wncut surfaces came o present a peculiar greywh
tint, due to the exudation of mumute drops of latex into all the depressions wn
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which the sparsely distributed stomata are presont. Only o littlo watery fluid had
“eseaped at this timo, aund that sololy from the cut eoxtiemity of the shoot, On the
following morning tho uncut surfacos woro universally coated by a dry, readily detached,
chalky white layer of concreto latex. Very little watery cell-sap could have escaped,
as, oven after the dry latex had all been carefully rubbed off, the shoot showed
a loss of only 041 grammes in weight. Tho cut surfaco of tho pith was, however,
slightly depressed, and any section or slight pressure of the cpidermis of the intact
surfaces was followed by abundant exudation of clear fluid. Microscopical sections of the
tissuos showed the ramified milk tubes in a more or less shrunken condition, with
their walls ofton thrown into longitudinal wrinkles, giving them a finoly striate appear-
ance, and their abundantly nucleated protoplasmic lining contracted. The wrinkling
of the tubes and the recession of tho protoplasm from the walls are phonomena
which are no doubt to he ascribed to the action of tho reagents cmployed in ‘staining
and mounting the preparations; but the entiro results of the experiment clearly show
that tho high stato of turgesccucoe normally present in the Iaticiferous system in such
cases is no mere passive ongorgement due to oxtraneous pressure exerled by surrounding
turgid tissue olements, as Sachs scems to imply.* For, were it due to any such agency,
exposure to anamsthetic influences ought certainly not to have given riso to any exuda-
tion of latos, secing that its tendency is to givo rise to diminished turgescence generally,
and therefore to diminished pressure on tho milk tubes. The fact that tho tubes are
provided with a continuous protoplasmic lining (plate IIL fig. 1) is in itsclf sufficient to
indicate that the conditions of turgescence within them must bo influenced by intrinsic
agencies, and the fact that oxudation of latex precedes that of exudation of cell-sap would
appear to imply that such agencies are really the main determinant of the extremely
high turgescence which normally prevails. What would appear to be the only satisfactory
explanation of the phenomena is that both the laticiferous tubes and the other living
tissue elements arc in a state of active turgesconce, but that the turgidity in the former
is highor than that in the latter, so that, on the general depression of functional activity
incident on the action of an anwsthetic, latex escapes more quickly than common cell-sap,
and, occupying the intercellular spaces and conereting when it escapes from the stomatic
orifices, prevents the free exudation of the latter. The results of the experiment further
show that, in any continuous system of tubes of this nature, turgescence must be inter-
rupted at any points where the functional activity of the protoplasm has been depressed
or abolished, such points constituting sites of localised leakage from the system.

In the case of tissues like those employed in the above experiments, the demonstra-
tion of the difference between mere saturation and turgescence is rendered particularly
plain, owing to the abundant free exudation of fluid which accompanies anesthesia; but
almost equally striking demonstrations are forthcoming in cases where we cmploy tissues
in which the cell-sap contains coloured matters in solution, as the escape of these from the
interior of the cell-cavities gives rise to striking changes in appearance, especially in the
case of parti-coloured leaves, such as those of many Begonias, &e.

The following experiments illustrate the nature of the phenomena in such cases:—

Ezporiment I—A. leaf of DBegonia rez, weighing 144 grammes, was set in a chloro-
form-chamber. The upper surface of the leaf +was dull green at the margins and centre,

* Yorlesung, XI. 5. 206.
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ond silvery grey over the inferveming areas, tho lower ope dull red at the margns
and pale green with red vems centrally Within half san hour very conspicuous changes
m colour had occurred, the green onginally present m some parts having almost entirely
disappeared and been replaced by diffuse dull red and grey, and the tissues had at the
same time partially collap owmg to gz flaceidity  Three hours after tho
begimnwg of the expeniment the leaf was quite flacard, the tissues throughout bewng
translucent and evidently sonhéd with flud A meo trace of free ctudation had,
however, occurred, so that the loss i weight amounted to only 004 grammes lhe
disappearance of the green colour ongmally present in some parts of the surface was
no doubt partly duo to yellowing of the ¢hlorophyll under the ifluence of tho changes
n the tissue medent on the action of the chloroform vapoor, but to a much greater
extent to the escape and gemeral diffusion of the red colourmg matter normally lmmted
to the intertor of the cells . certam areas of the mferior surface

Euperment IT—A leaf of Begoma kernandagfoha was set in o chloroform chamber
Tho leaves mn this species are umformly dull groen sbove and dull 1ed beneath  The
loaf very rapidly became flaceid, and at the same time the upper surface became diffusedly
reddened, duo to escape of the coloured fluid from the cells of the lower smface and 1ts
general diffusion through the mtercellular spaces

%

Ecperiment III ~A leaf of DBegoma rer, coloured liko that emplojed m tlo first
experunent, was set 1n o chloroform chamber Wathin one quarter of an hour the margins
of the upper surfaco had begun to redden, and shorily afterwards the entwe surfaco
gradually became diffusedly red, the leaf at the same time becoming flaceid and collap od
As m the previous experiments, the entire tissue becamo translucent and soaked and the
surfaces most, but there was no massive discharge of Liqud

Ezperanent IV —A leaf of Begoma rer, coloured hke the former oves, was set m an
aleohol chamue:  Withm twenty minutes traces of reddening appeared m patches on the
margins of tho upper surface, and at the closo of an hour the whelo of the upper surfaco
was wregularly blotched with patches of reddish and pole emerald green  On tho
following day the leaf was moust, translucent, red ot the mergins and centre, and reddich
green m the imtermediate, ongnally grey, area of tho upper surface The colounng was
aliko throughout the entire thickness of tho lamina  Flaceidity did not set i so rapudly
or becomo so hughly developed as in the cases i wluch chloroform was employed, the
diffierences m this tespect and m coloration bemng no doubt due to the fact that whlst
chloroform has no affimty for water and no spprecisble solvent power for chlorophyll,
sleohol 13 lnghly endowed with such propertics, so that under its mfluenco wo bave
both diffuson of the chlorophyll green and less accumulation of water m tho tisues
genernlly  The red colour of tho cell eap ine these cases 13 apparcntly unaflected by the
changes panying sn-esth a pl non contrasting strongly with what wo
ind occurnng 1 the caso of the colour of red pctalne tisues under sumilar ewrcum
stances, ond no doubt comnmected with the high permanent sciity of the flmd

Whilst the changes occurning 10 the hving elements of tho tissucs under tho influenco
of snmsthetics lead to a diminution m ther retentivo power for flmds, and a consequent
loss of turgdity, the water conducting power of the dead elements of the wood remains

Axx Toy Dot Gaep Cucvrra Vor VI
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ontirely unaffceted. That this is tho caso is shown by the results of the following
exporiments :—

Erperiment I.—A loof of Cassia sumatrans was taken and its threo distal pairs of
pinnw, togother with the corresponding portion of the rachis, were securely luted info a
" test tube through n perforated and parafiined cork. The Jeaf was now set with the freshly
divided lowor extremity in a vessol of water, and the: entire apparatus was introduced
into o largo chloroform-chamber. Threo Lours later the parts of the leaf which were
oxposed to the chloroform were quite flaccid, whilst the protected ones remained quite
green and turgid. The leaf was now removed from the chloroform-chamber, and, the test
tubo having been taken off, it was set in o simplo moist chamber. On the following day
tho portion which had been protected romained as beofore, with the rachis and
pinnge quite green and the latter in o state of full expansion, whilst the whole of
the rest of tho lenf was of a brownish olive colour and with the pinne absolutely
flaceid.

Ezperiment II.—A maturo leaf of Cassia sumafrana, with the four distal pairs of
pinne and the corresponding portion of the rachis protected as in the provious
oxporiment, was set in & chloroform-chamber. At the close of three hours the exposed
portions were of a dull olive green colour and the pinnme were very limp, whilst the
protected portions remained in their original state. The leaf was now removed from
the chamber, the test tube being taken off, and was set in the open lnboratory. On
the following day tho portions which had been exposed to the chloroform were of
o dull brownish olive, whilst all those which had been protected were quite fresh,
green, and turgid. In a check leaf, which had been sct in the open laboratory with-
out water at tho same time as the previous one, the pimnm were all dry and extremely
and rigidly depressed, so that it could not have been any conditions of atmospheric
humidity which caused the persistont greenness and turgidity of the protected portions
of the other.

Ezperiment III.—A leaf of Cassia sumatrana was taken, and the lower extremity
of the petiole was freshly divided subaqueously, Both the basal and the distal portions
were now protected and the central portion was exposed to the action of chloroform for
some time. It was then removed and set in a moist chamber with the base of the
petiole luted into a bottle of water. On the following day the portion of the rachis
which had been exposed to the chloroform was of a brownish colour and studded with
numerous drops of brown exudation, and:the corresponding pinnz were brown, moist,
and flaccid; while the protected portions both basal and distal were quite. green and
turgid and showed no traces of exudation. .

Ezperiment IV.—A young green shoot of Cassic sumafrana bearing several leaves
was set in a bottle of water. The submerged end of the axis was now freshly ecut,
80 as to present a fresh absorptive surface, and the mouth of the bottle was carefully
luted. The apparatus was next set for a short time in a chloroform-chamber, and. was
th(?n removed and transferred to a common hermetically closed one. Visible exudation of
fluid presently occurred on the axis, rachises and petioles, and the pinnz first partially
assumed the normal nocturnal position and then became quite flaccid and olive-brown.

)
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On the following day the drops of flud on the aws, rachi s and petioles had sssumed
a darh brown colour, which fact, as well as thewr entire absence from the surfaces of
the pmnwe, showed that they were due to exudation and mnot to surface condensation

Experiment 1"—A shoot of Cassia sumalrana set 23 1 the previous expernment In
a httle over an hour wisible exudation had set 1n m the awus, rachises and petioles At
this time there was no ewidence of change of colour m the pumnm, but they had 1n great
part assumed ther nocturnal powtions of depression, convergence, and rotation aceording
to thewr respective ages, ond that the phenomenon was not asmple ono of general
flncerdity was shown by the fact that m those leaves which, m introduemg the shoot
mto the chamber, had been reversed, the pianw, m place of bewng depressed bilow the
plane of the petiole, were elevated ahove 1t Ultimately general flaceidity and discolour
ation occurred, d by T d of drops of flurd on the axis and
rachises lho dxscolouruhon and exudation were sharply himuted to those porhions of
the specrmen which had been directly exposed to the chloroform, the base of the axis
and the lower part of the lowest peticle which hnd been protected by the luting remamng
quite green, turgid, and dovord of any drops of flmd
The phenomenon of free exudwhion on the surfaco of the axis m such expermments
presents 1tself only so long os the latter 19 young and has not yet becoms clothed by
any corky strata, m other words, so long as there aro stomatic onfices present pernutting
of the escapo of flmd from the dense tissue bemeath 8o long as 1t does occur, 1t 1s,
of course, simply & parallel to the general exudation oceurrmg from the leaves of plants
hhe Kalanchoe under mmlar conditions Tho fact of general loss of {urgeseence through
out the leaves 15, n the absence of soluble colounng matenals and with the presence of
an extensive mtercellular aren, mdicated only by the flacaidity and saturation of the
tissues, and the special value of tlus set of experiments lies 1 the demonstration afforded
by some of them that the capacities of the water conducting system reman entiroly
unaffected under d bolisung the g of tissues 1n wluch the active
of flud 1s dependent on the exerciso of protopl function, and
that tho action of thetics like chlorof 13 & purely localisod one, confined solely to
the protoplasts which are durectly exposed to it, and not leading to any propagation of

el

the dep or of f 1 achvicy from the protoplasts so sutnated to
those winch are protected from the direct action of the anwesthetie

The phenomena attending the action of anwesthetics on vegetable tisues are not
pocubior, but, save m certam evcoptional eases to be presontly allndel to, eccur
whenever protoplasoue function 13 depressesd or abohishel 1n tissues whose turgeseence 1s

of hwving protopl Lbis comes out very clearly from tho

d dent on the y
e ults of the following experimonts —

Erpersment I —A leaf of Kalanchoe, weighing 129 grimmes was mmmersed  for
about one munute 1 water at a temperature of 60°C, and tien gently wipel dry and
placed n a hermetically closed chamber It soon begin to exude drops of hqmd, wiich
within threo hours had sccumulated 1n large pools, the colour of the leaf having at the
samo timo Legun to show a yellowish tint Yt now weighed 112 grammes corresp ndimg
ton loss of 17¢c nf flml  Discharga continued to occur, and on tle following morming
the woight was only 104 grammes, mdicating 2 loss of 2oce of flad and 190 per

cent of total neight
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Experiment IL—A leaf of Kalanchoe, weighing 11'6 grammes, was immersed for half

_ s minute in water at a temperature of 90°C., and then, after being gently dried, set in

a hermetically closed chamber, Visible exudation began to appear on the surface within
five minutes, and within four hours it bad assumed a yellowish olive colour and weighed
only 10-1 grammes. On the following morping it had lost 04 grammes more, giving a
totul loss of 1-9c.c. of fluid, or 16 per cent. of total weight. v
Just as in the case of leaves treated by exposure to chloroform, the amount of loss
of fluid taking place from the tissues varies according to the time of year, presumably
in relation to the age of the leaf and the area presented by the intercellular spaces, or
to the precise nature of the osmotic products present in the cell-sap at different seasohs.
For example, whilst in the two previous experiments, which were conducted in January,
when the leaves are in a dormant condition as regards growth, the losses in weight
amounted respectively to 19'3 and 16-3 per cent. of the total, whilst in one cartied out
in the end of May the fotal loss amounted to only 401 per cent. -
Experiment IIL—A leaf of Cassiz sumafrans with eleven pairs of pinnae was taken,
and the centrally situated pair and the corresponding portion of the rachis were dipped
into boiling water. The boiled pinne became flaccid at once and dropped ~vertically
downwards from the petiole, with their upper surface looking directly outwards. The
base of the petiole was now freshly divided under water, and the leaf, along with a check
one, set to stand in a bottle of water in the open laboratory. The boiled pinnz had at:
once assumed a yellowish olive tint and presently became distinctly yellow, the colour
being guite distinet from that following prolonged exposure to cbloreform., A certain
amount of tendency towards the assumption of the normal nocturnal position manifested
itself in the pair of pinne immediately beyond the hboiled portion of the petiole, but
this had completely disappeared within the course of three hours, On the following day
the boiled portions of the leaf were yellowish-brown and dry, whilst the proximal and
distal portions were green and turgid. The pinne of the distal portion were, however,
more or less in the nocturnal position, this being, no doubt, due to the fact that, whilst
the conduction of water through the wood remained unimpaired, the dead superficial

tissues of the boiled portions of the leaf presented a site of abnormally excessive
evaporative loss, as indicated by their dry condition.

.

Ezperiment IV.—A leaf of Cussia sumafrana, like the preceding one, was taken and
the fourth asnd fifth pairs of pinnee with the corresponding portion of the rachis were
dipped iuto boiling water. Immediate and total depression of these pinna occur'/f'éd, and
was soon followed by a partial assumption of the nocturnal position in the sixth pair.
The base of the petiole was now freshly divided under water and luted into a water-hottle
in a hermetically sealed chamber. The sixth pair of pinne rapidly resumed the fully
expanded condition, and yellowing of the fifth and sixth pairs and of the corresponding
portion of the rachis soon manifested themselves, the surface of the rachis at the same
time becoming studded by an exudation of drops of fluid. On the following day the
boiled pinnz were quite flaceid, moist and yellowish-brown, and the corresponding
portion of the rachis was covered by large drops of brownish fluid, while all the rest
_of the leaf was turgid, bright green and fully expanded. It was now removed from the

‘—;:chamber and set in the open laboratory, and, in a short time, the drops of exudation
di?uppeared trom the boiled portion of the rachis and simultaneously the distal intact

e
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punz began to show rotation and depression, whilst tho proximal ones retamed the fully
developed diurnal postion unaltered The fact that bothng the tissues 1m such cases
leaves their conducting power for water ummpaired, whilst reducing ther retentrve power,
could hardly be more clearly demonstrated than 1t 15 in the results of thus experiment
by the phenomenz of exudation in the bailed nreas and full cxpansion of the distel intact
ones whulst the leaf d 1 a most atmosph and of dwsapp of exudation
and partial assumption of the mocturnal position by the same pinne when the leaf was
oxposed to free evaporative loss On the following day the level of the water m the
bottle had sunk so much that only the tip of tho petiole remmned immersed  The boiled
portions of the leaf were dry and brown, tho others wers green and turgid, but somewhat
clined towards the nocturnal position The leaf was now returned to a hermetically
closed chamber, and on the followmng day exudation had reappeared on the boled portion
of the raclus and the intact pmne were once more m a condition of full expansion

Ezperiment V~"Two leaves of Cassie sumafrane were taken, the one, g, having seven
purs of pnne, the other, which was somewhat larger, only six end o half pars  The
third parr of pmue and the corresponding portion of the rachis of e were immersed m
boihng water, the treatment eausing almost d t g and flacardaty of the

d tissues, and porary droopmg, with more or less assumption of the nocturnal
position 1 the pione beyond the pomnt of immersion The bases of the petioles of both
leaves wero now freshly divided under water and then securely luted mto water bottles,
the levels of the water m the latter bemng ot the same tume accurately marhed The
lenves stood mde by mde m the open laborstory until the followmg day, when both
wero found to be alihe turgid, save the boiled portions of &, which, as usual with
exposed portions of tissue after similar treatment, were brown, dry, and droopmg The
amount of water which had been absorbed durng the interval i both cases was 8c e

Ezperiment VI—A large leaf of Cassia alafa was taken, and all but the five distal
pars of pinne wers cut off The lower part of the petiole was then plunged into boiling
water for half a munute, and, its extrernty having been cut off subaqueously, was luted
into & water bottle The apparatus was then sct 1n a sealed chamber contammg o vessel
of strong sulphuric actd  The level of the water m the bottle began at once fo descend
visibly  On the following day that part of the boiled portron of the petiole which was
above the water was of n brown colour and costed with dropy of brown fimd The
pmne at the same time were fully expanded, turgid, bright green and as usual when
saturated with flmd, studded margmally with drops of clear hqud The water m the
bottle had t sunk very derably On the two following days the pmnz
retaned therr grecnness and turgidity, and at the close of the experiment the quantity
of water which had been absorbed amounted to 15¢c¢

Ezpersment VIT —A large leaf of Cussia alafa was taken, the basal pair of pmnze
removed, and tho lower four and a helf inches of the rachis 1wmersed 1 boilng
water for two mmutes The end of the petiole was then freshly cut off under water,
end the Jeaf set mn an open water bottle and fixed, so that the lower part only of the
botled portion of the petiole was immersed Visible depreswon of the level of the
water set 1n at once, and m the course of two hours a loss of 12¢¢ had occurred
On the following mornmg an additional loss of 38ce was registered, giving a total
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of 50c.e. In this case about 50ce. had traversel the boiled portion of the petiole
within twonty-four hours, for the loss by mero ovaporation in o check hottle of water
was almost inapprecinble during tho same poriod. The nine pairs of pinnre which
had Deen left on tho leaf remained quite green and turgid.

Experiment VIII.—Two leaves of Cussia alala were taken, and all the pinne save
the two forminal pairs were cut off.  Ono specimon was then entirely immersed in
boiling water for a minute, and the lower part of the potiole of the other was similarly
treated. Tho extremities of tho potioles were then freshly divided under water and
sot side by sido in marked water-bottles. On the following day the water in the bottle
containing the wholly boiled specimen showed a loss of 10c.c,, and that in the other
one of l4ce. Tho pinnee in the wholly boiled leaf were quite flaceid, drooping, and
brownish, whilst those in the other woro fully expanded, green, and turgid. Twenty-
four hours later an additional loss of Tee. was registered in the former and one
of 8c.c. in the latter specimen. The amount of water absorbed by the wholly dead
leaf during the ontive course of tho oxperiment was only Hee. less than that in the
case in which tho lower part of the petiole nlone had been boiled; but in estimating
the amount of absorption duc to the vital activities of the tissues in the latter it must
be borno in mind that the amount of loss duo to simple evaporation in it was certainly
much less than in the other specimen, in which the retentive power for fluid connected
with functional activity had Leen totally abolished.

Experiment IX.—~Two leaves of Cassia alala, cach bearing eight pairs of pinne
after the removal of the basal pair, wore set side by side in marked water-bottles, the
lower part of the petiole having in onc case been boiled for two minutes and in the
other left intact, Twenty-four hours later the pinnre of both leaves aliko were fully
expanded, green and turgid, and the loss of water registerel by each bottle was 23c.c.
The boiled portion of the petiole of the one leaf was quite brown and the cortical
parenchyma flaceid. One phenomenon which presented itself in this case was that
the absorption of water was primarily more rapid in the specimen in which the lower
part of the petiole had been boiled than in that in which it had been left intact, this
no doubt being due to the aspiratory action of the gascous contents of the water-
conducting system on contracting under the influence the fall of temperature sﬁbsequent
to removal from the boiling water,

It appears clear from tho previous experiments that the action of heat and
chloroform on living vegotable tissues is strictly localised to the parts directly exposed
to their influence, and that, even where the exposure results in death, there is no
propagation of any cffects to protected parts, however close to and continuous with
the injured omes they may be. In other words, there is no evidence that the death
of the protoplasts in one part produces any appreciable dircet results on the well-
being of neighbouring but protected parts. The quantity and quality of the water-
.supply conducted by the vascular tissues remains inappreciably affected by chloroform ;
and although heat may temporarily affect the former, due to the expansion of the
gaseous contents of the conducting system which it induces, the obstruction thus arising
is transitory, and this being so, in meither case docs the mere loss of turgescence
and death of neighbouring paits ordinarily give rise to any appreciable effects. Very
different results ensue, as is shown by the mext experiment, whero the reagent which
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4
13 pnmanly locelly applied 13 readiy soluble i water, aud therefore lmble to be
conducted by the stream of flmd traversing the vascular tissues

Ezperment X —Two leaves of Casma sumatrane were taken and set with the
bases of thorr petioles mmmersed mn water and subaqueonsly divided i order to permt
of free nbsorption One of them (a) was now along with its water vessel ntroduced
mto & beaker confuning 2 hitlo ammonia, the mouth of tho beaker bewmg closed by o
cork securcly luted down and around the rachis, so that whilst the lower portion
of the latter and the basml pmne were enclosed i the beaher snd exposed to the
ammoma vapour, the upper portion and the distal pne projected free anto the arr
sod had no immediate rdation to the reagent The other leaf () was enmlarly
treated, only in tlis case the beaker contamed chloroform i place of ammoma Ihe
pmnz of (a) which were within the besker rapdly ascquired & dark ecolour, wlnlst
drops of black flud began to exude from the surface of tho rachi, and shortly
aftorwards smular changes began to mamifest themsclves in the part of the leaf outsido
the beaker, the pinna droopmg and darkenmmg i colour especially along the neghbour
hood of thew midmbs, and exudation begioning to appear on the rachis, Tweary fom
hours later the leaf was wilted throughout, the pmnx greatly blackeoed and the
rachis thickly studded with drops of black flud The portions of (b} which were
mcluded 10 the beaker were also very mpudly affected, the pmnz bocommng flacad
and of 2 browmsh olive colour and the rachis exuding drops of pale yellowssh flmd,
but there was no extension of theso changes to tho portion of the leaf beyond the
cork, the pmnz retaming therr origmal colour and turgidity and the rachis showing
no mgns of cxudation On tho followmg day the frec portions of the leaf remumed
entirely unaffected, and the pime were fully expanded, twgmd and of thewr onginal
bright green colour, while the petwle, cven down to the surfaco of the cork, showed
no signs of any change

Here, m both leaves alithe, the tissues which were directly exposed to tho nflucnco
of the resgent wero rapidly kiled and rendered flacud Dby Joss of turmdity, but
whilst m one case these chonges extended rapidly and completely throujhout the
entiro leaf, 1 the other there was no propagation of them to the protected parts
Both reagents rapdly induce death n tissues dircetly expes d to therr influence, but
whilst chloroform 13 only very shghtly soluble m water, ammoma 1s excesavely so,
and therefore 15 readily conveyed to distal areas Such experuents afford no evidence
of the transfer of sny mftuences by menns of the protoplusmic contimmty of the
tissues, the complite death of great masscs of tissue falng to gwe nse to any

pprecwsble effects duately ccntiguous parts so loug as tho water supply of
the latter remamns ffected, but they q ally show how repudly changes may
bo propagated to distol aress by means of alterutions 1w ther water sapply  ‘llus
18 & question which will bo recurred to subsequently, sud 1t 33 merely olluded to

hore bocauss the ph of the exp t appear so clearly to enggest that it
13 to the water conducting systom nnd not to any system of coutinmous protoplats
that we must look for an expl of the propagation of cffects from one area

to another m tho orgamsm of any of the higher plants.
The obove esperiments have demonstrated very clearly that exposure of vegetable
tissucs to oscessne heat gives nso to effects simibnr to thesws wineh follare therr « enoenrn
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to the action of anwsthetics, and the next one shows that excessively low temperatures
produce the same effect.

Experiment XI.—A large leat of Kalanchoe, weighing 28:75 grammes, was put info a
metal box and buried in a mixture of pounded ice and salt. On being removed after
an interval of an hour and a quarter it was found to be rigidly frozen, but without
visible exudation or change of colour. It was now set in a hermetically closed chamber,
and very soon began to sweat visibly. Oun the following day it had acquired a yellowish
tint and was quite flaccid and moist. The weight was now only 24'16 grammes, corre-
sponding to a loss of 459cc. of fluid, and on the following day was only 2255
grammes, giving 2 total loss of 21'5 per cent. on the original weight. The only
difference presented by the phenomena in this case as compared with those occurring in
cases of anwesthesia was the primary absence of exudation; but this is readily accounted
for if it be taken into account that any liquid entering the intercellular spaces in the
initial stages of the experiment must have been frozen as it approached the surface of
the leaf, and so have plugged the stomatic orifices.

It is not, however, merely anwmsthetics and excessive elevation or depression of
temperature which produce such results, for essentially similar ones occur in cases where
the tissues are exposed to strong acid or alkaline vapours, to immersion in solutions of
corrosive sublimate, or to the influence of electrical currents or discharges.

I have not personally tried any experiments on the action of electrical currents on
vegetable tissues, but the accounts which are furnished by Becquerel* regarding the
results of his investigations of the subject leave no doubt that they also give rise to a
loss of turgescence. He found that, in the case of milky Euphorbias, treatment of the
shoots with electrical discharges was followed by a suppression of the discharge of latex
on subsequent incision, a phenomenon which can only have been due to loss of turges-
cence in the milk tubes. When leaves of Begoniz discolor, which are red on one face
and green on the other, were subjected to electrical cwrrents, the red face became
sensibly green and the green one red, due to esecape of the red fluid from the interior
of the cells normally containing it and its diffusion throughout the intercellular spaces
of the tissue. He was at first inclined to explain the escape of liquid from the cells
as due to rupture of the walls of the latter under the influence of the electricity; but,
finding that there was no microscopical evidence of rupture, he ultimately came to
th(lal conclusion that the phenomenon was due to alterations in the nature of the
cell-sap.,

The following experiments illustrate the effects produced by exposure of the tissues
to poisonous vapours and solutions:—

Experiment XIT.—A leaf of Kalanchoe, weighing 10°03 grammes, was set in a carbonie
acid chamber, The first result which manifested itself was a certain amount of inten-
sification of the green colour of the tissue, but the surface gradually became moist, and
within & quarter of an hour actual exudation of drops of liquid had occurred, On the
following day the leaf was of a dull, ochreous brown colour and weighed only 89
grammes. It was returned to the chamber, and twenty-four hours later was almost

# “Des Forces Physico-Chumiques.” Paris, 1876. ‘
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completely flaceld and weighed 808 grammes, equisalent to o loss of 19 G per cent on
tho onginal weight and to an exudation of 197cc of hqud.

Ezjermment XIIT—A leat of Kalancloe, weigluing 2703 grammes, was set m o
carbomie acid chamber, Visiblo exudation began within the course of an lour and
advanced mpidly, nccompamed Ly collapso of tho leaf  The reddish colourng along
tho murgna of the Jobes was, primanly at all ovents, intensified, and the rest of the
surfaco gradually beenmo jellowish  On the folloning day tho leaf was mowmt, flacerd,
ond weibed only 2461 grammes, imdicating o Joss of 118 per cent.

Erperiment A1V —A leaf of Ralanchoe, shing 13061 g , was suspended
over water i a carbomc acd chaml It d m the chamber for forty might
Lours, and at the closo of that period was flaced, of o yellowish ohve colour, and
weighed only 1154 grammes, indicating o loss of 153 per eent of total weight

Ecperiment XV —A leaf of Kalwichos, wehing 3322 grammes, wos et 1 o
hydrochlone acxd chamber  Visible exudation and Lnghtening of the red colour at the
wargins of tho Jobes soon appeared  On the following day 1t was flaced and of o dull
yellownsh olnve colour, and weighed only 28 o1 grammes

Erperiment AVI—A leaf ol Kalaneloe, weighing 1812 grammes, was set m a
hy drochl acrd chamber, Vialle exud was present witln a quarter of an liour
Tenty four hours later 1t was vury mawst, quite flacad, of & yellowish olive colour, and
weighed only 15 02 grammes

Ezperiment XVIT—A leat of Ralanchoe, weighing 14062 grammes, was placed 1n
a nunc ned chamber  On the following day 1t was of n yellowsh oltve colour with
the edes of the lobes strong pmk It was not so moist or flaced as a leaf treated
at the same time 1 8 hydrochlone acid chamber, but showed a Joss of 15 0 per cent
wm wetght

Experiment XVIII —A leaf of Kalanelor, weigling 1308 grammes, was sct m a
mtro neid chamber. Vieblo cxudation occurred witlun two hours, and on the following
day 1t was perfeetly flacad, of a dull ohive with pinkish slong tho murgins of tho
Tobes, and weighed only 1023 grammes, having lost 217 per eent m total weight

Ezperiment XIX -—A leaf of Kalanchoe, werghing 1413 grammes, was set i an
osme eed chamber  Blackening of tho surfaco rapidly sot m, and on the following day
it was coal black and covered Ly largo isolated drops of why flud It was mot
Juwever, flacad, and only slowed o loss of 72 per cent m weight, whilst a leaf
wiich had been exposed simultanecusly in & mine acid chamber showed one of 217
per cent Twenty four hours later 1t was still nearly mgid, but had discharged a
consideruble additional amount of black liquid and only werghed 1201 grammes

Ezpeyment AX A leaf of Kalan Joe, worgling 1517 grammes, was set i an
osmic serd chamber It began rapudly to backen at tho edges, and at the close of
two hours tho discolouration had spread mwards considerably, and one or two small
drops of black exudation had appeared on the surfaco of oll tho lobes save one There

Axx Toy Bor Ganp Carcorra Vou VI
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was no goneral moistening of the surface or auy indication of comméncing flaccidity.
Three hours after the beginning of .the experiment it was very greatly blackened, but
was still quite rigil and had lost only 0:07 grommes in weight. On the following
morning it was perfectly black, but had discharged very little more fluid, the texture
remaining quite firm and the weight being 14:64 grammes. T'wenty-four hours later,
1.¢., forty-cight hours from the beginning of tho experiment, a certain amount of further
exudation had occurred and the weight was 1413 grammes, the total loss from the
beginning of the experiment having only amounted to 68 per cent. The slowness and
limitation of exudation attending exposure to this reagent as compared with the
discharge taking placo under the influence of the others is very remarkable. The
phenomenon must be due either to some alteration produced in the ccll-sap, whereby
stable in place of unstable osmotic materials come to be present in if, or more probably
to alterations in the protoplasm rendering it less filtrative than it is under ordinary
circumstances.

Experiment XXI.—A leaf of Kalanchoe, weighing 2687 grammes, was set in an
ammonia chamber. Conspicuous sweating took place in the lobes nearest to the vessel
containing the awmmonia within the course of five minutes, and the tissues gradually
assumed an intense deep green colour. On the following day it was of a very deep olive
green. The surfaco of the leaf was moist, but its toxture was not flaccid. Twenty-four
hours later the colour remained as before, and the weight was 2342 grammes, equivalent
to a total loss of 12'8 per cent.

Experiment XXII.—A leaf of Kalanchoe, weighing 87 grammes, was sot in a moist
ammonia chamber. Within ton minutes it became of a vivid deep green, and had begun
to sweat conspicuously. On the following day it was dark green and very moist, but ztill
rigid and smelling strongly of ammonia. The ammonia was removed so as to convert the
chamber into o simple moist one and the leaf replaced in it. The weight of the leaf at
this time was 852 grammes. It was kept under observation for three more days, during
which it continued to give off ammonin as indicated by tho smell of the water in thi
chamber, which was renewed daily. The losses in weight for tho successive periods of
twenty-four hours were 0-88, 0'29, and 011 grammes, giving a total loss for the entire
experiment of 1:56 grammes, or 17°9 per cent. of weight,

Ezperiment XXTII.—A leaf of Kalanchoe, weighing 29-22 grammeos, was immersed
for forty minutes in a 2'5 per cent. alcoholic solution of corrosive sul’)]imnte When
removed and gently dried, it weighed 293 grammes. It was now placed in' a st
chamber, and shortly began to sweat actively. On the followine day it was partially f IIJO.:l;
mx.mh .ﬂuid .had peen already discharged, and active exudaﬁin was sﬁllp‘goin yo accl;
this time it weighed 2644 grammes. It continued to dischwrge fluid althgun}?'k
continuously in a sealed moist chamber, for the next cight days, and ,at the cl BP;
that period it was excessively flaccid, of a pale yellowish ol’ive colour, an(:ios:n;)y

weighed 21°03 grammes, corresponding t .
of woight, ) ponding to a total loss of 8:19 grammes, or 28-2 per cent.

' Ezperiment XXITV.—A leaf of Kalanchoe, woighing
in o saturated aqueous solution of corrosive sublimate, it
freshly divided after immersion in order to facilitat

120 grammes, was immersed
the extremity of the petiole being
@ absorption. Twenty-two hours
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later 1t was removed from the solution and gently wiped dry* It now weighed only
003 grammes, mdicating o loss of 205 per cent of total weight, and was flacad and
of 8 pale ochreous colour It was mext placed mn a simple moist chamber, and by the
following day had dischorged a considerable amount of flud and weghel only 826
grammes It would be hard to find o more stmking demonstration of the fact that
turgidity 1s distinet from mmple saturation than 1s afforded by the results of thig
experiment 1n which, whilst the leaf was actually submerged in the solution, such a
considernble loss of flud oceurred

The most important points which are illustrated by the experimental data i the
present chapter are tho following —

. 1sf —That turgescenco mmples saturation of tisue elements mcluding osn otic
materals, and must therefore bo distinguished from simple saturation
2nd —That where turg 1 d dent on d vitehty, the relations of

certain tissue clements to fluds are profoundly altered by conditions
which produce no appreciable effect on tho o of others

3rd —That where turg e & dent on d witality, 1ts diminution
or total abolition may bo detormmed by such varied conditions as
oxposure to alkahine or acid vapours, to amewsthetics, posonous sub
stances 1n solution of e, and electrical currents

4th~—That the only other common offect wlnch these different factors produce m
the tissues 15 the ultimate death of therr hving elements, or, m other
words, that dep or abol of f 1 activity leads to duminu
tion or disappearance of turgidity  Bat this, taken along with the fact
that wo have abundant evidence that cortamn forms of stimulation give
miso to increase m cell turgescence, and no uneqmvocal evidence that
any forms of stimulation give m o to 1ts decrease, almost forces us to
beleve that 1t 13 depresston and not stimulation of functional actimity
that 18 related to any movements which are detexmined by functional
causes and dependent on d hed cell turg and this finally
Jeads us to the conclusion slready armved at on mdependent grounds m
the previous chapter, that 1t 18 fluctuanon 1n the activity of assumilatory
and respiratory function, and not fluctuations m the activity of con
tractile function, that are essentially related to movements connected

with al m the of cellular vegetable tissues

CHAPTER III
The relation of turgescence fo protoplasmue achbntp

The facts which have been detmled 1 the preceding chapter might, 1if taken alone,
bo regarded as evidence that turgescence 18 a peculiarity of Living tissues and therefore
directly and necessanly related to the presence of lving protoplasm, and this opimon has

# T all eases o wh b portons of the petoles were deta hed i tle courso of any experme ta tley were of
course careful y preserved and tacluded tn sny sabscquent we ghments

Awv Rox Bor Gamp Carcurra Vor VI



20 THE CAUSES OF FLUCTUATIONS IN TURGESCENCE

to a great degree coloured the various explanations which have been advanced to account
for the occurrence of the sudden fluctuations in turgescence on which the mdvements of
masses of vegetable tissues depend. Sachs, for example, affirms that turgescence is essenti-
ally due to the great resistance which protoplasm normally presents to the filtrative escape
of any liquids which it may have endosmotically acquired, and that any sudden escape
of water from a turgescent cell necessarily implies a change in the nature of the proto-
plasm wheroby it readily permits of filtration.* Je practically ascribes everything directly
to the protoplasm and nothing to the influence of the products of its activity contained
within the cell-sap, and by doing so is constrained to endow the protoplasm with certain
special properties in order to account for the phenomena which actually occur. In
adopting this view he entirely loses sight of the possibility that turgescence may be due to
the osmotic properties of the cell-sap overcoming the filtrative facilities provided by the
protoplasm, and that loss of turgescence may arise as the result of diminution in the
former, and not of any increase in the latter, of these two factors; and when we come to
look for any positive evidence tending to a decision of the question, we find that, whilst
we can readily trace the occurrence of ‘chemical changes in the cell-sap which may well
cause changes in its osmotic properties coinciding with loss in turgescence, we are
unable to find any proof of alteration in the filtrative power of the protoplasm save the
very phenomenon which it is regarded as giving rise to. If we ascribe turgescence
directly to the properties of the protoplasm, we are left to assume that any fluctuations
in the former must be accompanied by changes in the latter; but if we ascribe it to the
properties of the cellsap, we can at all events show that loss in turgescence is accom-
panied by changes in the chewmical constitution of the factor. According to the one view,
anesthetics and all the other factors which we have just seen acting. as determinants of
loss of turgescence must do 5o simply because they have the common property of increas-
ing the filtrative power of the proteplasm; according to the other, the result is due to
alterations in the properties of the cell-sap attending depression and abolition of respiratory
and assimilative function in the protoplasm,' and of the occurrence of which we have
in many cases the clearest chemical evidence.

The conspicuous changes in the colour of common green leaves attending losses in
turgescence caused by exposure to injurious media very clearly indicate the occurrence of
coincident chemical changes in the contents of the cells; but much more striking evidence
is forthcoming where variously coloured floral tissues form the subjects of experiment.

In the case of common leaves the changes in colour accompanying depression and
abolition of functional activity (unless induced by media, such as ammonia, which secure
the addition of extraneous alkaline constituents to the tissues) are such as to indicate a
rise in fixed acidity, the yellowing which takes place being precisely of the character
presenting itself in neutral solutions of chlorophyll on the addition of acids, This change
in certain cases may be partially ascribed to the addition of extraneous acid durine the
course of the experiment; but the fact that it manifests itself in cases where chlorofozm or
extremes of temperature are the agents employed shows that no extraneous agency is
required to produce it. Fortunately it is not necessary to be satisfied with this chromatic
evidence alone, as it is possible to adduce positive proof that depression of functional
activity is, in some cases at all events, directly related to an inerease in the fixed acidity

. * Vorlesungen, XVI. p. 330, XXXVIL p. 5¢8.
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of tho cell sap This 13 demonstrated by the following experments winch were onginally
suggested by a paper, published 1n the year 181o m the eleventh volume of the trans
actions of the Liwnean Society, and to which my attention was first dirceted by my
friend Dr David Pramn It 13 entitled #“On the Deoxidation of the Leaves of Colyledon
calyeina® (= Bryophyllum calyonum) and n 1t the author, Dr Heyne, pomts out that a
consprcuous decrenso 1 the saidity of the tissues (swlich ho sseribes to processes of
deoxidation) takes placo during the course of each diwurmal peried, alternating with o
corresponding ncrease 1 each nocturnal one *

On testing tho leaves of Aalanchoe lacimate 1t wns at once oscertamed that they
exhibated smular phenomena  Observations were first mstituted durmg the courso of the
hot season when transpiratory loss 13 very active diurnally, ond when the amount of
flud escaping on section of the leaves 15 much smaller m the evening than m the mom
g, but, m spite of ths, 1t was at onco evident that the acadity, and specially the fived
aaidity of the evenmg (and presumably concentrated) sap, was much lower than that of
the flud escaping in the morning (plate III fig 2) Systemstic mvestigation of the
subject afforded the following results — .

Ezxperiment I —Two leaves of Ealanehoe wtre taken, one, ¢, wughing 16 93 grammes,
and the other, 3, 3070 grammes In both of them the reactin of the ccll sap was
Inghly acid at 1030 ax when the expeniment was begun  They were both exposed to
direct but broken sunshine beneath a tree, s bemng enclosed i o chloroform chamber,
and b set with the base of the petiole mn water. At 2 ryt a weghed 122 grammes, was
of a pale ochrcous olive colour and very flacerd, whilst & was bright green and turgid,
and weighed 3138 grommes The sap of @ was tensely and permanently acid, that
of & was cien at first only fantly acid and only contmned @ mere traco of permanent
atidity

Ezperiment II—A leat of Kalanchee, worghing 30 8 grammes, was exposed to direet
sunshine apart from water for three hours and n quarter  Vilien first st at 1030 axt,
ats juico wos mtensely neid  After cxposure 1t weighed 2848 grammes, and the
permanent saidity of the sap was very feeble It wes now set with the freshly dinded
base of tho petiole m water, and on the following morming the weight wes 2872
grammes, and the permanent acdity of the sap ntense

Erperiment 1IT —A leaf of Kalan-hoe, werghing 30 08 grammes, and with 1ighly acid
sap was set with the base of the petiole in water n sbsolute darkness at 1030 4% At
145 r 3 tho weight had mcreascd to 31 08 grammes, and the acadity of tho sap remamned
apparently unaltered

Lrperoment IV —Txwo Jeaves of Aalanchoe, one, a, werghing 29 6 grammes, the ot} er,
5, 234 grammes, were sct with tho bases of the petioles immersed 1 water  Tho sap m
both of them was ighly ned 1n reaction, a was exposed to direct Funshine and & to
absolute darkness for more than three hours At the cloco of this perod @ was aligl thy
hmp, weighed only 277 grammes, and on section yic'ded comparatively hittlo fluid, with
amere trace of fixed sadity, whilst 5 was fully turmd, weighed 2371 grammes, and
yielded on abund of 1ntensely and b acd flud

* Tranasct ozs of the Lanesa Soeety wol. XI p U
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Ezperiment V.—Two leaves of Kalanchoe with intensely acid sap were tasken at
10-15 Ay,  One, a, weighed 287 grammes; the other, I, 28'58 grammes. Both were
then set with the bases of thoir petioles immersed in water, and ¢ was exposed to dircet
sunshino and & to absolute datkness for three hours and o half. At the close of this
period, a weighed only 27'3 grammes, and the acidity, and especially the permanent
acidity, of its juice was very greatly diminished in intensity; while & weighed 27-87
grammes and yielded fluid of oxcessively ncid reaction. On the following morning the
acidity of the sap in both cases was alike and intense. The leaf & was now enclosed
in a moist chamber and exposed for three hours in absolute darkness to & temperature
of 887 in order to determine whether the effects following exposure to sunshine
wore in any appreciable degree determined by heat as distinet from light; but the
acidity of tho sap remained undiminished at the end of the esperiment.

In this casoc the stimulant ultimately leading to a diminution in the acidity of
the cell-sap is evidently light, but in other cases heat comes prominently into play in
producing similar results. For cxample, whenever the temperature remains beneath a
certain limit the flowers of Jpomwa hederacea, however brilliant the sunlight be, never
attain the intense, dusky Dblue normal to them when in the expanded condition, but
retain more or less of the red fint proper to the buds—a phenomenon which, as we
shall presently seo, is due to a relative excess of acid constituents in the cell-sap, Ilere
temperature is the determinant of decrease in acidity, just as in other cases we find that
it is the cssentinl determinant of the increase in turgidity of cerfain masses of tissue
on which the expansion of flowers such' as those of Poriulaca grandifiora is dependent.
The flowers of Porfulaca do mot unfold in the brightest sunshine until they have
attained o temporature of 70° to 80°F.; and, if only this be provided, expansion takes
place in total darkmess just in proportion to the rise in temperature.  Both heat
and light are clearly capabloe of determining chemical alterations in the nature of the
cell-sap and increase in the turgescence of masses of tissue, According to Sachs’
theory of the causation of turgescence, in order to account for the phenomena we must
assume that in some cases the factors act on tho physical properties of the protoplasm,
and in others on the chemical mature of the cell-sap; or, in other words, that in some
cases they affect the structure and in others the function of the protoplasm. But surely
it is more reasonable to assume that both chromatic and motor effects are due to
stimulation of the latter only. Such stimulation may well give rise to the formution
of products differing from one another in different instances, in some cha;‘acterised
by their reaction and in others by their osmotic properties, and accordingly ultimately
determining changes of colour in the one case and movements related to altered turges-
cence in the other case.

In some cases stimulation of functional activity, whether photic or thermic, leads
to decrease and in others to increase in the acidity of the cell-sap and to corre-
sponding changes in the tint of colouring matters which are dissolved in it, the inten-
sity of blue and green colours being related to relative alkalinity and that of red
ones to relative acidity. That this is the case is shown by the results of the
following experiments:——

Experiment I.—The petals of a flower of Erythrina siricla, which are of a brilliant
scarlet colour, exposed in a chloroform-chamber almost immediately became of a
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permanent  pale, doll, browmsh pink wtnt.  The flower was now trancderml ta a
carbime acid clamber in which the petals praleally reddoned, and in tle oume of
twcuty-four hours they hal regained 8 vinl scarlet eoloar,

Erperiment II—Pals of the same Fryfinar, when mmmersal in abalste sleched,
were at onee Lleached fo a very pale puk, the aleohal at the same time aequneg
o very pale, reddih topsx tint, which mapdly rellened an a carbwmie el chamibxr
anl beenmo vivid searlet on the adduion of a few drops of glamal sretie aal
Altemate sdditions of solutions of cagstic potash and placial aectic o] 0 alabohic
extrict which has beenmo scurlet owing to prulonged expare in a cuboae neil
chamber, ncure altemating discharge and reformation of the colour,

Erperiment JII—~A flower of o scatlet varicty of Hiuewr rosa parvns was oot 1n 8
chloroform-chamber  The colour very mpdly began to lecome dulled, anl wittin an
hour was of ndull waroon red, the corolla at the same time showing tho anr al stazw
of collaper.  The chliroform was now removed from the chamber and 8 vewel «f
glacial acotic ncid sobituutel for at,  Collapeo ¢f the comlla eontinued to ndrance
steadily to completion, Lut at the same time 11 colour gradually revived and ulunately
bLreawe onco more vivid scarlet.

Lrpermaent IV~—A mnlar flover of Jl'ucsr, mementanly ammersed m balieg
water, collapeed ot once, the eolour ot the same time becoming parphal. The water
also aoqured o purphich hue, doe to extractun of oment and partal Llesluny of
the eorolla. Tho purplish anfouon was renderd brdt nd by e allim of
acde,

Esperment Fomd simnlar flower plared i o chlorof rm chamler gralially wrler
went the rame changes as that an Keperonent 111,

When tho colour had becamo of a decp marvm red, tle ol lorofim war ren omved
and a veeed of fanung mitne nend sabstitated for s, Rotoratimof the ol wr degan
viubly aloost st ovec, and o vinl rearkt woo gradoally reevablntol,

Erperimmt VI~ similar flower was (nelosed 10 8 metal bax pnd bned an o
mistare of ice and malt.  After an hour and a half of exposare 11 was { anl 1) e
sy frozem mod of o ol ead b N omwe aowe pleaed or e dopte Qe caesy
clwd chamber, and the eolour st pared on 0 the same dnp naen tn
wlaeh is develeped unler csposare to chlomnform, faodl , snl alfapw ates alrznarg
rapdly, On the folluwing day it was quite facad arl deep ramem A vewed of
gl aectic acid was now n'redaced into the clamler, anl twinty far ban Live
the corlls war onco oy winid searlet.

Prpervmeat VI —Deta's of scarlet Hlurwr imresed o sl tots al6 3 1 bvame 2t
onee derp purple and yieldol 2 peatral extract of & pellih opar ot e Tieoed
with acile, thie extract beeame vind 1ol aad with 2lala 4} grees, pewsz en 1

orarge yellaw,
Frpervmeal VIH—A searlet Hdueer fmer wan ot s 2 moont e st amder

Purplih Usek sprtng of the corella by ty appear wirk g g rimvte gad erreeeded
rapedly,  Avale Reckenrg eaterdal mwande freemn e penjler U GO0 crte of t'e
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corolla, the margins gradually assumed an orange tint, and on the following day the
flower, although hardly showing any signs of collapse, was of a wuniform brownish
orange throughout.

Experiment 1X.—A flower of scarlet Hibiscus in a chloroform-chamber very rapidly
collapsed, and at the same time assumed a deep maroon red colour. Immersion of the
discoloured petals respectively in dilute acetic acid and in 10 per cent. solution of caustic
potash caused them, in the former instance, again to becomo scarlet; and, in the latter,
to turn first dull blue, then dull green, and finally ochreous.

Ezperiment X.—Two flowers of Ipomea hederacea were placed in a chloroform.-
chamber. The deep blue portions of the corollas almost immediately began to acquire
a violet, and the pale rose of the red parts an ochreous tint. The violet of the blue
arcas gradually reddened and, at the same time, the texture visibly became moistened.
The corollas ultimately collapsed, the originally red area being now ochreous and
the originally blue ones dull red.

¢

Ezperiment XI.—A flower of Ipmmea hederacea was set in a moist chloroform-chamber
at 10-81 ayM. The blue area of the corolla gradually became first violet and then
dull red, and at the same time slowly collapsed. '

Ezperiment XII—A flower of Ipomaa hederacca was set in a moist ammonia-
chamber. After three minutes’ exposure it had become of a vivid peacock green, which
gradually faded to a pale ochre.

The changes in colour in the flowers of Ipomea hederacea under the influence of
chloroform are just the reverse of those which normally take place during the expansion,
but are the same as those attending the withering of the corollas. Whilst in bud the
areas which, during full expansion, are reddish have an ochreous, and those which
are deep blue a red colour; and in the fading and faded corollas of the afternoon
and night a reversion to the bud colouring takes place. ~ When the dull red faded
corollas are treated with acids they become vivid rose colour; and, when treated with
alkalis, vivid blue and green, passing on into pale yellow. When the flowers are
in bud and in the faded condition, the cell-sap thus evidently contains a relative excess .
of acid constituents; whilst, when the flower expands under favourable conditions of light,
and specially of temperature, these acids are partially neutralised by the manufacture of
alkaline products. Stimulation of the functional activities of the tissues in this case gives
rise to effects similar to those accompanying it in tissues containing chlorophyll, and
precisely the reverse of those occurring in the case of tissues in which the cell-sap is
normally red during their fullest development. The brilliant scarlet of the fully expanded
corollas of scarlet varieties of Hibiscus rosa-sinensis is replaced in the bud and in the
fading condition by a dull red colour, which, espegial]y in the latter case, is very much
of the same character as that developed in the expanded corollas under the influence of
chloroform. In the case of chlorophyll-containing tissues, and in those in which the cell-
sap is of & blue colour when they are most highly developed, stimulation of protoplasmic
activity appears to lead to relative alkalinity; and depression or abolition of protoplasir;ic
activity to relative acidity ; whilst, in the case of tissues containing red cell-sap, precisely
the reverss is the case. The essential constituents of both red and blue colouring matters
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appear to bo the same, the fint bemg determined by the relative acdity or alkalmty
of the medmm Hence blue flowers usually present 2 more or less purphsh or reddish
tinge 1 natural foding and when under the influence of chloroform, whilkt red ones,
on the contrary, lose their brilliancy and may even become almost colowrless (lihe tnose
of Erythrina stricta) under mmtlar circumstances  The colour 1 Eryfhrina siricte 1s evadently
related to mtense acidity of the medmm, for even perfectly neutral medi reduce 1t very
much, just as strong alkahs act on other red tissues, while the aleohohe extract demands
an excessive addition of acd ere 1t reacquires a scarlet tint  Some blue flowers, such as
those of the blue vanety of Cliforia Ternatea, present an exception to the rule emunciated
above, as they retan an mtense blue colour dunng normal fading and exposare to
chloroform, and they yield bnlliant pure blue mnfusions and extracts on boiing and
immersion 1n alcohol  Ihis 18 not dependent on any peculianty m the 1 consty
tuents of the colour, for the addition of acids to the blue extracts or mnfusions at once
causes them to assume & beautiful red colour, but must apparently be due to the cell sap
normally contmmng o relative excess of fixed alhalmo constituents—an assumption
which 18 favoured by the very foeble amdity which the freshly expressed sap piesents
The extremely fugitive nature of tho alkalme constituents i some other cases 1s most
strkmgly exemplfiel m cases where flowers of Ipomwa hkederacea are Lalled by means of
foll & exp shows —

exposure to low temperatures, as the

Erperiment XIIT—A fully expanded and normally coloured flower was enclosed
m o metal box, and the latter was then buned m a mixtme of pounded 1ce und salt,
where 1t remamed for an hour and a half At the close of tlus period the flower
remamed fully expanded snd retaned 1t origmal colouring, but was frozen and ngid
On removal from the box mmmediate collapse occurred, and the colours of the normally
bise and red sreas at once changed, the former becommg violet and the latter
ochreous 1he wiite coloured portion at the base of the tube retmmed ats colour
somewhat longer, and then, hke the red ones, became ochreons, the bluo portions having
meantime passed on from purple to dull red
Immersion of flowers of the same species mn boilng water 1s followed ammediately
by total collapse and sumilar changes 1n colour, but the 1esults 1 thi case are not so
striking, as they are mot o lusively bable to mere of P
actinity as where they follow exposure to cold Tho absence of collapse and the reten
tion of the normal colour 1 the latter case, so long 2s the tissues remam frozen, mmst
apparently be due to the cell sap bewg congealed so xapidly that no appreciable eseape
of liqnd or discharge or decomposition of the fugitive alkalme or acid constituents
present m 1t have tune to occur The process of rapid congelation not only arrests tho
t of the products of protopl actity on which the turgescence and
colour of the tissues depend, but it for the timo bemg retarns those which are present
m the sap at the moment at which congelation occurs On the tissue thawmg, an
ymmediate Joss of turgescence occurs, and this 13 accompamied by the escape or decom
position of the products of certam constituents of the cellsap to which its normal
colour 18 due It would be hard to find a more striking wnstence of the comcdence of
loss of turgescence with alterations 1 the chemical constitution of cell sap
It 1s only where the colours of the tissues depend on the presence of dissohed
pigments, the tints of which are determined by the presence of fugitive acsd or alkaline
substances, that they serve as sehisfactory indices to the occurrence of chemical changes

ton].
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in the sap. In tho case of blue Clitoria the tint is certainly related 1o relative a]ka}.ir}ity
of the sap, but this alkalinity is in great pat due to the presence of non-fugitive,
fixed matorials. In many yellow flowers, on the other hand, the persistence of the colour
ofter death of the tissues depends on much of the colouring matter being insoluble in
the sap. In the African marigold, for oxample, the greator btk of the pigment of the
corolla is not in solution, but is deposited in the form of resinous grauules which are
quite insoluble in water, and thorefore any changes iu the reaction of the cell-sap do not
appreciably affect their colour. "Tho fact, therefore, that in certain cases we do not find
loss in turgescence in tho tissues to ho accompnnicd by any conspicuous change in their
colour, cannot be taken as any evidence that chemical changes in the nature of the cell-
sap have not occurred; whilst the constancy with which we encounter evidences of tho
presence of such changes, in cases where indices to their ocourrence are present, strongly
supports the belief in the normal coincidenco of alterations in turgescence, which depend
on fluctuations in functional activity of the protoplasts, and chemical changes in the
cell-sap.

The chromatic change accompanying deprossion or abolition of function in vegetable
tissues is not, of course, an absolute proof of coincident alterations in their osmotic
properties, but merely of alterations in the composition of their cell-sap. It s,
however, highly probable that the processes leading to the latter may affect the
former also, and thero are certain phenomena which to a certain extent appear to
indicate that they actually do so; for in cases in which depression and abolition
of functional activity is accompanied by vory marked chromntic changes, we find
the .COiDCid.c nt loss in turgidity excessive, whilst in cases where chromatic changes
i;l;e g}conspmnfouljl, ﬂl‘z l’lz‘OS% in tt;r.gi'dity is mot mearly so great. For esample, when

() OWers o ue worie ax g 1 . .
form, hardly any change mnn‘iafcs:ls ei(:sc]])fy ixcloz]l::;:edlmposﬁlq to 'thc vapour of chioro-
of scarlet Hibiscus under similar circumstances tlco o “lnl::,t; i the case of flowers

; : . . 10 change is very great. A corre-
sponding difference occurs in relation to the coincident loss in turcidity. for. although
there is a considerable loss in Clitoria, it is limited in deeree as ccom}',u‘ed,w'tl ﬁ:lt
occurring in Hibiscus, in which the great change in colou;J is accom b ' 1 1~

panied by absolute

s T !

fiaccuhty of texture. l.he al?sence of conspicuous change in colour, and the limitation
in lo.ss of turgescer-lce, in Cliforia ave at all events both ascribable to tl -csenco of
certain stable constituents in the cell-sap which serv 16 preseuc

) ¢ to maintain conditions in it
subsequent to the dea’fh of the tissues which can only be maintained in IIbiscus as
the result of the continued exercise of functional activity.

1t -rl;l.le e)&.pelllnnzntal damf “;hlc-h have been given above afford sufficient cvidence that
alterations in turgescence following exposure to influences of the most diverse nature, and
’ +

which can haidly be supposed to produce an
¢
plasts of the tissues beyond depressing and y common effect on the nature of the proto-

ties, are accompanied by conspicuous altez‘:ilg;?elii Iﬁc‘l):;hscl-llilo:fl‘ ﬂ;eir f““_cfio.fml A
cell-sap. This in itself is sufficient to suggest that 3t 18 to th lcfl C‘Ol‘lsututxon of the
and not. to those of f;he protoplasts, that turgescence is imm d'et 1;10pe1tles of the latter,
not obhgefl to remain confent with any ambiguous evidene tately rl.zlated; but we are
examples in which turggscwce persists even in a ve h-cﬁ: as 1f is m.)t hard to find
the' presence o'f any living protoplasts in the tissue'ry Tllg .degree quite apart from
a ripe orange is one of' the I.nost striking of thege, Herele tissue ?f the mesocarp of
turgid mass of tissue in Which turgesconce ig maintained ‘i‘: slf};tnlnliy tIliave]a ln'ghlyf

ie o e absence ©
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any lLiving protoplasm  Durmg the proress of matwation, the protoplasts of the cells
have been gradually expended with a proportionate accumulation of the products of
therr functional eetivity m the cell sap, and 1n the fully mpened tisue, 1f any Lvmg
protoplasm persists, 1ts amount must evidently be extremely small Whatever its amount
be, however, 1t certanly 18 not the cause of the turmdity of the tissue, as we
find the latter p g under which mvolve the death of any hvmg
protoplasts which have been exposed to them When, for example, we expose portions
of the mesocarp of an orange to the wnfluence of the conditions which we have just seen
to cause loss of turgescence where the latter 1s dependent on the presence of living
protoplasts, we do not find any evidenco m these portions of the occurrence of
parallel change This 13 shown by the results of the followmng cxpermments —

Ezperiment XIV —A segment of the mesocarp of & mpe orange, weighing 10 58
grammes, was exposed m & chloroform chimber for twenty four hours At tho clowe of
this period 1t weighed 10 6 grammes and retaived its turgidity unaltered

Lzperiment XV —A segment, weighing 952 grammes, was exposed mn & chloro
form-chamber for twenty four hours At the close of the expenment 1t weighed 903
grammes

Ezpersment XVI-~A segment, ghing 135 g , was d for forty
minutes 1 a 25 per cent elecholic solution of corrosve sublimite On removal 1ts
weight had imcreased to 1373 grammes It was now placed 1 a simple most chamber,
and on the followmng day was found apparently just as 1t had been at the begimmng
of the experiment, quite turgud, the surface dry, and the weight 135 grammes

Erperument XVIT—A segment, weighing 2044 grammes, was mmmersed m a 25
per cent solution of corrouve subhmate for twenty four hours At the close of that
period 1t was excesavely turgid, and when dried weighed 2064 grammes It was
now placed m a smple most chamber Twenty four hours later 1t was quite turgid
the surface dry, and the weight 1987 grammes It was kept under observation im
three days longer, and at the end of the experiment werghed 19 5 grammes

Ezperiment XVIII —A segment of the mesocarp of a npe orange (g), weighing
1308 grammes, ond » leaf of Kalanchoe (3), weighing 1724 grommes, were mmmersed
for one minute i boshng water On removal (s) weighed 135 gremmes and (5) only
1565 Forty eght hours later, (#) werghed 1254 grammes, whilst (6) was flaced
yellowssh olive, and weighed only 14 6 grammes, the total loss i the former amountin,,
to 41 per cent and 1n the latter to 153 per cent

One of the most strking ples of the it of an ly Iagh
degree of turmdity m cells, mdependent of the p of any stratum of
living protoplesm, 1s that which 1s afforded by the fertile filaments of Puobolus erysial
Lmus The excessive turgescence m these, which ultimately leads to thewr rupture and
the wiolent discharge of the sporangia, armses only after they have been almost entirely
emptied of protoplasm by the onward progress of the latter and its accumulation withm
the eporangium, and certamly when no contmuous stratum imvests the interor of the cell
wall It 15 certmnly, therefore, independent of any nnts filtrative property of protoplasm,
and mdeed 15 apparently imdependent of the action of any local protoplasm altogether, a3
we find 1t to be present m cases m which even the Jower part of the stem mmediately
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above tho great basal cell is apparently quite cmpty of all save fluid. At tho same’
timo it is cloarly related to continued protoplasmic activity, although this is not carried
on locally. This is shown vory strikingly in cnsos whore the mycolium and basal cells
aro subjected to the influence of osmic acid. If a mass of tho cowdung on which o
crop of fertile filoments in full turgoscenco is situated bo moistened by o 2 per cont.
solution of osmic acid, and sot undor a dissecting microscope, a very beautiful and
intoresting sorics of phonomena manifest thomselves within the course of a minute or
two. Under normal circumstances, of courso, tho turgoscence in the fertile filaments is
0 oxcessivo as to givo riso to such n considomble oxcretion of fluid that thoy ore
studded throughout by bends of it. Under the influence of tho osmic acid these beads may
bo seen rapidly to enlargo, and as they do so the filament gradually becomes flaccid and
collapses. The very fact that this rapid and complete collapsa should attend the action
of osmic acid is in itself very strong cvidencu that the turgescence is independent of tho
presence of any continuous stratum of protoplasm, sccing that the fixativo property of
this re-agent for tissue clements secms to be due to its action in rendering the protoplasm
relatively impermeable; and, when taken along with tho histological evidence, it scems
conclusively to indicate that we are here dealing with turgescence due fo extrinsic
agencies, duo to the presence of materinls which have not originated locally, but which,
having been doveloped in connection with the functional activity of the mycelium and
specially of the basal colls, have passed on into the interior of the fertile filaments,
Further, it is evident that these materials must be of unstable nature, so that turgescence
can only maintain itsclf against the factors making for filtration so long as a constant
supply of them is boing manufactured eclsewhere and subsequently transferred to the
cavities of the filaments.

Perliaps the most convincing proof of the indirect relation which turgescence bears
to protoplasmic functionnl propertics, and of its direct dopendence on osmotic peculinrities
in the cell-sap, is that which is afforded by the results of experiments in which, in the
course of killing the protoplasts of the tissues, we sccure the artificial addition of osmotic
constitucnts to the sap. When we do so, we find in dealing with succulent tissues, such
as those of Kalanchoe, in which an abolition of protoplasmic activity is normally accom-
panied by a very lerge discharge of fluid and loss in weight and turgeseence, that death
is not accompanied by any considerable diminution in weight or turgescence, and that the
dead tissues may persist for prolonged periods in a highly turgid condition. The follow-
ing experimental details illustrato very clearly tho different effects produced on turgidity
of tissuo where death is determined with or without the addition of osmotic materials
to the cell-sap :—

Lrperiment XIX.—~Two leaves of Kalanchoc—one, a, weighing 2822, the other, 3,
2754 grammos—were taken and set with tho bases of the potioles immersed in water.
The lower extremities of the petioles were then cut off subaqueously, so as to permit of
free absorption, and leaf @ sot in a chloroform-chamber, and ? in an ammoniacal ona.
Copious sweating set in in @ within half an hour, and advanced so rapidly that the lobes
had begun to collapse within an hour from tho beginning of the experiment, the tissue
at the same time beginning to acquire a yellowish tinge. In the case of 2, a limited
amount of exudation appeared very rapidly, and the fissue acquired an intense deep green
tint, but no considerable loss of fluid occurred, and the leaf remained perfectly fim and
showed no signs of collapse. The ammonia appeared to act more rapidly‘ in causing
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exndation than the chloroform, but the setton appeared very soom to be arrested before
sufficient loss had occurred to anduce apprectable loss m turgidity, whilst, m the cuse of
the chloroform, when exudation had once been establshed 1t advanced rapidly and
steadly On the following day the leaf o was of » pale yellowish olive colour and
perfectly flacad and collapsed, whilst & was deep dark green and quite firm and turgd
The loss of weight which had occurred m 4 was 775 grammes, or 27 4 per cent, and
active esudation was stll takmg place In the case of & the loss only amounted to 163,
or 59 per cent, and there was no sign of any contmued d Subsequently to this
b only was kept under observation, bemng wesghed at mtervals and baving a fresh petiolar
surface exposed each time that 1t was returned to the chamber Tiwenty four hours
subsequently to the previously recorded observation, m place of showing any loss of weight,
1t showed 2 gam of 042, and a week after the mtmtion of the experiment the tissue
remamed ighly turgid, and the total loss of weight for the entwe penod only amounted
to 164 grammes, or 59 per cent The weights 2t different pemods are shown m the

followng table —

Weght Total los Pe}';::!uge

Date grammes
February 18th 2754

14th 2590 164 59
15th 2632 122 44
16th 2631 123 44

s 1"th 2631 12 44

, 18th 2632 122 44
20th 20 90 16¢ 59

Up to the 16th the leaf d ly n the chamber but 1t was

then removed and kept i a mmple mowst chamber during the rest of the experiment
When removed 1t had & very strong ammomacal odour, and for several daysit contmued to
give off enough ammoma to endow the water m the water vessel of the moiwst chamber
with a strong smell of 3t Whilst in this chamber 1t disch d a derable amount
of flud from the terminal lobe which happened to be sloped rather abruptly downwards,
the exudation beginnmg to appear soon after transfer from the ammoma chamber, and
contmung steadily until the end of the experment, 1 spite of the nappreciable loss
weight which accompanied 1t The fact that an actual merease 1 weight mamfested
atself durmg the course of the second twenty four hours of the experiment 1s remaibable,
and 15 probably to bo aseribed to a continued absorption of ammoma and inerease n
osmotic property of the cellsop Qunng that pertod portially making good the mmtial
Joss of natural osmotic property which had attended the death of the tissne The arty
ficial addition of ammoma to the cell sap does uot suffice to mantan the osmotic
capacities of the latter at quite the normal level, but 1t prevents the great loss m osmotic
property dmg the of f 1 sctinity from producing the effects which
1t naturally would give nse to The loss mn functional osmotic property appears to
proceed more rapdly than the acqmsition of arbifical oswmotic property, and hence an
imtial fall m turgescence below the level at which the artifieral property, when fully

Jeveloped, 18 able to mamtam 1t

Ezperunent XX —A leaf of Kalanchae lacintats, weighing 27 13 grammes, was set in
2 most ammonia chamber with the base of the petiole, which had been subaqueously




+

30 THE CAUSES OF PLUCTUATIONS IN TURGESCENCE

~ divided, immersed in water, Twonty-four lours later it weighed 23°0% grammes, corre-
sponding to a loss of 1'18cc. of fluid, or 43 por cent. of total weight, Tho weights
for tho first six days of the experiment during which it was kopt in the original chamber,
having the petiolo freshly subaqueously divided eovery day aftor weighment, were as
follows:—

Weight i sreentaga Ines i

e it i P o
March, 2nd sor vee 2713 43

o ord o, vt 25008 43

» 4th we 2506 43

s Oth e 26416 35

»  Oh e o 20621 33

»  Sth e 2621 33

After the first 24 hours, in spito of the fact that it deily dischavged a large quantity
of fluid, an nclual incresse in placo of any further decrease in weight ocenrred up to =
certain point, the tissue nt the ramo time remaining exeessively moist and turgid. On the
8th of March it was traunsferred to a simplo meist chamber, and tho petiole was no

longer immersed in water. It remaivel in this for the next six days, during which the
weights were as follows :—

Date. Weight in  Peresntage loss in
grammes. tolal weight,

March, 8th . s 2587 46

s 10th s e ree 6T 53

,» 1lth ves . s 2549 6o

s 12th s . 2536 72

s 13th e e 2509 h

»  14th w2490 §2

It was now onco more set with tho freshly divided extremity of the petiole in water,
with the result that it again began to discharge water actively and at tho same time
gained considerably in weight, as shown below:—

Date, Weight in - Porcentage loss in
gramnices, total weight.
March, 15th e 2572 51
, 16th .. 2562 55
» 17th ies o son 25-604 o4
» 18th v o e 2063 &5

This experiment is specially instructive on several grounds. It affords a most
perfect demonstration of the fact that, cven in those cases in which the maintenance
of twgidity s normally dependent on continued vitality of the protoplasts of the
tissues, the relation between the fwo conditions is not a direct one determined by
any structural peculiarities of the living protoplasm, but indirect and maintained
through the intervention of the presenco of certain osmotic properties in the cell-sap.
Tho protoplasts of the tissucs of this leaf had certainly been killed on the 2nd of
March, and yet turgidity persisted in high degree sixteen days later, without there
being any obstruction to the free passage of fluid through the tissues, as was clearly
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shown by the t discharge  which 7 d free supply of water A
strking 1l 15 also afforded of tho depend of turgidity not only on
mtrinsie, but also on extrmsic condiions, not only on osmotic capacity of the cell
sap, but on conditions of general loss and supply of water It cannot be supposed
that sny apprecuble increaso 1 osmotic property of the tissues occurred between the
14th and loth March, and yet a very consderable mse m furgescence took place
then, comcident with renewed free supply of water,

The contrast between the results in eases of this kind and those presentng
themselves where death of the twssue 15 determmed by means which do not tro
duce permanent aritheial osmotic properties into :t,lcomes out very clearly on com
panng the above fimures with those furmished by an experiment on the results follow
1ng tmmersion 1n an alcohohe solution of corrosive sublimate —

Date We ght Los Percentage loss
December 21st 2922

» 22nd 2644 278 95

”» 23rd 2468 454 153

. 24th 2292 630 215
25th 2182 740 242

.,  2h 2103 819 280

,  80th 2050 872 298

Ever here, however, the wtial loss of flud and turgescence 13 not so great as
1n cases where the functional activity of the tissue 1s abolshed by means of extremes
of temperature, vapour of chloroform, or other conditions m which no appremable
addition of extraneous matenals to tho cellsap 15 mnvolved The peculanty of the
ph of 1 of turg by means of ammoma lies 1 1ts
persistent character In cases of powsoning by aleoholic vapour under conditions of free
water supply, the loss of flud and of turgescence d\rmg the first twenty four hours
18 relatively hmited, and may even fall as low as it 15 where ammoma 13 the toxic
agent, but there 18 no permanent arrest established, and the loss, although retarded 1n
the outset, goes on steadily progressing Exposure to an atmosphere of ammoma 18
followed almost immediately by a certam amount of discharge of flmd and con
spicuous change of colour m the tissues, the abohtion of functional activity bemg
apparently much more rapid than where chloroform 18 employed, but, because the
ammomnia 15 readily absorbed by the cellsap and mmparts certam properties to 1it, the
Joss of turgescence conmected with the cessatton of the normal manufacture of
osmotic matenals 1s very soon arrested, whilst chloroform (acting purcly i arrestng
functional activity) does nothing to prevent the elastic recorl of the cell walls from exert
g 1ts full effect

The effects of ammoma m arbifically 1 ara  specially
couspicuous and measurable m desling with sucoulent tissues such as those of Kalanchoe,
but they also come out very clearly 1n many other cates, such as those of the two
following evperiments —

Erperm ut XXI—Two fully expanded flowers of searlet Iiliscus were taken snd
the extremities of their stalks were freshly divided under the water of the vessels 1
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which they were set. One of them, @, was now placed in an ammonia-chamber, and
the other, &, in a chloroform one. The petals of & immediately began to show purplish
black spotting, which rapidly extended over their entire surface. The colour next
gradually assumed a greenish tint and ultimately became of a fine warm ochre.
Whilst these changes were occurring there were no signs of loss of turgescence, and
it was not until some hours after their full completion that a little exudation and a
trace of collapse manifested themselves. In the case of & the action of the abnormal
medium did not manifest itself for some time; but, when once initiated, alteration in
colour and loss of turgescence ran hand in hand, and after the close of a few hours
the colour was of a dull maroon red and the tissues of the flower were completely
flaccid and collapsed. Twenty-four hours after the initiation of the experiment, ¢ was
slightly collapsed, but after this it remained apparently unaltered for some days.

Experiment XXII—Two flowers of scarlet Hibiscus were taken, and one, «,
suspended free, apex downwards, in an ammonia-chamber, whilst the other, 3, was
similarly hung in a chloroform-chamber. In the case of a, discolouration, in the form of
black spotting of the petals, made its appearance at once, and within an hour the red
had entirely gone, save in a few isolated patches, and the rest of the tissue was deep
purplish-black, passing into deep greenish and ochre at the margins. There was, how-
ever, no indication of any tendency to collapse. In & discolouration was developed
much more slowly; but at the close of an hour the original vivid scarlet had
been replaced by a deep maroon, and the petals, which had originally been highly
reflexed, were drooping downwards and rapidly collapsing. The first traces of collapse
in ¢ did not appear until three hours after the beginning of the experiment, and even
then the petals remained highly reflexed. On the following day the petals of & were
drooped, but still widely divergent and firm in texture (plate 1II. fig. 3); whilst those
in & hung vertically downwards and were perfectly flaccid (plate IIL. fig. 4). Twenty-
four hours later the petals of a were slightly less divergent than they had been, but
were still so divergent as to allow the stigmas to be visible beyond them in profile.
Both flowers were now removed from the chambers and hung in the open laboratory,
where they remained for days apparently unaltered, & being fully collapsed and @
retaining a considerable amount of turgidity.

Experiment XXIIT.—Two flowers of scarlet Hibiscus were, as in the previous
case, placed respectively in ammonia and chloroform-chambers. They were not, how-
ever, suspended, but were set with the freshly, subaqueously divided extremities of
their stalks immersed in water. As in the previous experiment, the flower in
the ammonia chamber began to show black spotting immediately, and rapidly passed
on through stages of deep purplish black and deep greenish to a uniform warm ochre
without showing any signs of collapse; whilst that in - the chloroform-chamber took
some time to show any signs of change in colour, but when it once had begun to
discolour, began also to collapse rapidly. On the following morning a slight amount of
collapse only was evident in @, whilst & was completely collapsed, flaccid, and soaked.
The ammonia-chamber was allowed to stand unopened for a week, and during
that period e remained almost in the same condition as it was in after twenty-four
howrs’ exposure.

From the results obtained in the first of these experiments it is evident that the
retention of turgescence in such cases is mot holly ‘due to the presence of free
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ommonta m the tissues but that combmations must be formed within the cell szp
wiich render 1t more or less permanently hygroscoplc The flower ¢ did not undergo
complete collapse on removal from the ber, but d  partially
turgid even after prolonged exposure m the open ar There can, therefore, be no
doubt that turgescence 15 mamly, 1f not solely, due to the osmotic properhes of the
cell sap, and that losses wm tfurg: are due to d hed osmofic capacity m  the
latter, and mot to any ncreased filtrative properties i the protoplasm It 15 mot,
howerver, quite c'ear that structural slterations i the protoplasm may mnot act m the
contrary direction, m the way of retarding losses m turgesconce by presenting an
abnormal reustance to the clastic recoil of the cell walls When we conmder the phe
nomena presenting themselves i connection with death of tissues under the influence
of the vapour of osmic awmd, there are many pomts suggestng that the abnormal
slowness with wiich loss of turgescenco sdvances 1s due to such a cawsaton This
13 shown by the data furmished by the next two expermments

Ezxperunent XXIV —A leat of Ralanchoe ghing 833 g y Was losed
1 5 motst chamber contauming a vessel of 2 per cent solution of osmie acd  Visible blacken
mg of the surface became mpparent within the course of balf en hout, but the first
drop of exudation did not appear until two hours after exposure, and an hour later
only a certin number of seattered drops of black flud had been excreted On the
following day the leaf was coal black and bore numerous large wky drops of flud, but
the texture remamed quite firm and the weight was still 79 grammes It was now
placed 1 8 smple moist chamber, where 1t remamed for the mext twelve days The
successive losses 1 weight which occurred durmng the entire course of the experment
are recorded below —

Dato We ght Successive  Total percent,

058ES age loss

Jonuary 26th 838
, ot ~90 048 57
28th - 78 012 -1
20th 704 014 86
,  8m 787 00~ 96
31st -39 006 106
Februory 20d 780 019 128
, 8 720 010 140
ith 05 015 156
,  Sth 691 014 175
6th 654 007 183
, 8k 660 04 ale
, bk 652 008 »1

Here we have evidence of retarded loss 1 turgescence , but the losses continued to
progress steadily, and there was no evadence of the absolute arrest of loss mamfestng stself
1w the case where death was caused by exposure to ammoma—unde experiment NI\
Tho phenomenon appears rather to be the parallel of that presentng itself 1 cases
where the tissues are frozem, only that in thiw case the obstruction to the escape of
volatille constituents and water from the tissues 1s a permanent one and does not, ike
that established by cold, disappear on removal of the tissues from the conditions under
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which it originated. In cases of exposure to an atmosphere of ammonia the}*e is 1o
evidenco of any initial obstruction to the escape of fluid; on the contrary, exudation mani-
fests itself with special rapidity, and it is only after some time that loss of furgescecne
ceases to occur and a condition of equilibrium is established between the osmotic capaci-
ties of the tissues and the elastic recoil of the cell-walls; but, when equilibrinin has been
arrived at, it is stable. In the case of exposuro to an atmosphere of osmic fumes, on the
othor hand, we have from the outset very distinet evidence of the action of a factor
obstructive to the normal loss in turgesecence attending death. Exudation appears excep-
tionally late and advances very slowly; but, onece established, it advances evenly and con-
tinuously, and there is no tendency to any establishment of a stable equilibrium until the
elastic recoil of the cell-walls has been fully satisfied. We havo here evidence showing that
alterations in the protoplasm may retard the progress of the effects following loss in
osmotic property in the cellsap, but none to show that any mere alterations in the

protoplasm will suffice to give rise to loss in turgescence so long as the osmotic properties
of the cell-sap remain unaltered.

Lxperiment XXV.—A leat of Kalanchoe, weighing 277 grammes, was set in an osmie
acid-chamber oft the 15th of March, the baso of the petiole being immersed in water
and baving been freshly divided subaquecusly. Ou the following day it was entirely
blackened and had exuded nwmerous large drops of inky fluid along the margin of the
lobes, but the weight, in place of being decrcased, was slightly increased, probably due
to the addition of constituents from the osmic acid more than counterbalancing the
loss in weight occasioned by the exudation. It was now set in a simple moist chamber,
the petiole not being in water. It remaived thus for the suceceding five days. The

weights from the beginning of the oxperiment up to the close of this period are
shown below :—

Date. Weight.
March 15th e R7T

»  16th e W2 = 3+ 002
I U N v 918 = — 059
» 18th o 274 = — {39
» 19tk e 280 = — Q44
5  R0th e 2805 = — 195
» 2t o e 2440 = ~— 065

The percentage luss on total weight was now 1149, or somewhat greater than that
which the ammoniated leaf of experiment XX had sustained at the close of the period
during which it had been kept apart from +water in a simple moist chamber. The petioie
was now once more seb in water and subaqueously divided. The leaf was kept thus
for three more days, being daily weighed and anew set in water with a freshly
subaqueously exposed petiolar surface. Weighments for the period were as follows: —

Date. Weight.
March 22nd 2862 = - (78
o 23rd 2382 = ~— (80
5 24th e 2309 = ~— 028
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The results of this expenment very clearly show that the action of osmc aad m
proventing o loss of turgescence on tho death of the tissues 18 qumte distinet from that
of ammoma Tho loss of turg 15 greatly rotarded, and may even mutully be
obscured nltogether, owmng to tho addition of mew weghty constituents of the tfissues,
but there 1s mo absolute ariest of 1t after a certwn pomt as there 15 in the ecase of
ammomated tissues when freely supplied with water In tho case of the ammomated
tissues the evidenco pomts unequivocally to an artifictal maintenance of osmotic property,
1 that of those acted on by the osmic acd to the estabhshment of an obstruction
to filtration 1mpeding the action of the clastic recoll of the cell walls i effecting the
discharge of flud from the interor of the cell cavities The total loss of weight m
the case of the ammomated leaf dumng & period of twenty three days amounted only
to 147 grammes, or 5 ¢ per cen*, and of tlis 119 or 43 per cent occurred withm
the first twenty four hours, tho loss 1 the leaf exposed to osmic vapour durng a
pertod of mmo deys amounted to 461 grummes or 16 6 per cent, and was steadily
progressive and unaffested by the ficest supply of water to the tissues, whereas 1 the
ammoniated leaf mmmedate recovery of weight followed renewed supply of water
1f the filirativo resstance of the protoplasts of s twsue be artificully elevated, as
1t sppears to bo under the influence of osmie acid, the loss wn turgescence normally
nccompanymg loss 1 osmotic capaaty i tho cell sap will be retarded because the
elastic recoil of tho cellowalls now encounters an abnormal opposition, and 1f a mass of
turgad tissue be esposed to sufficient external pressure, a dumoution m ats furgescence
will necessarily take place apart from auy loss of osmotie capicity, because filtration
will now no longer be dependent merely on the elastic recoil of the cell walls, but on
this, sded by external pressure But whilst this 13 the case~—whilst the actual degies
of turgescence present in any given tissue 18 hable to be affected by uts filtrative s
well as its osmotic conditron—there 18 no evidence to show that under normal crreum
stances, any mere altcrations m the nherent filtrative properties of the protoplasm of s
tissue, mpart from alterations m the osmotic properties of its cell sap, aro efhicient to give
rise o appreciable changes i ats turmdity , and the behef that they do act 1 such
o faghon 13 smply based on the arbatrary assumption that the exercise of contractile
fauction—that mere change of form in the Living clements of a tissue—is capable of
giving nise to alterations m its turgescence, wluch, of course, necessitates the second
assumpton that the change m form 1s accompamied by a change in filtrative resistance
Jho protoplasm m ammomated leaves of Kulanchoe has probably lost consderably m
filtrative resistance, and yet the tissues vetamn a lugh degree of turgescence, whilst, m
cases where the leaves are cxposed to the influcnce of the vapour of chloroform, there
15 no reason to suppose that there 1s any depression of filtrative resistance, and yet
total loss of tur,escence oceurs
The behef that the tial d of hes m certam physical peen-
lanties of protoplasm, and not m the properties of 1ts products, and that any Josses
wurgescence which are velated to fumetional causes are due to mereased filtratrve power
mn the protoplasts of & tissue, has no doubt amsen because of the striking fluctuations
m turg panymg  d or of protopl activity m cases
where the osmotic products of the latter, on the prestnce of which turgescence depends
are very unstable, and must therefore be constantly renewed m order to the maintenance
of turmdity In the vast majority of cases, the protoplasmic products on which the eolour
and turgescencs of the tissues depend are very umstable, and henco any considerable
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fluctuations in the rate of their manufacture are at once followed by conspicuous alter-
ations in tint and texture. In a certain number of cases, however, they are stable, and
here an entire cessation of protoplasmic activity may occwr without giving rise to any
approciable results. In the first instance, death gives rise to immediate alterations in colour
and turgescence; in the latter, it produces no appreciable cffect, Turgescence is normally
solely dependent on cortain properties of tho cell-sap; and, so long as these are retained, it
is & matter of indifference whether living protoplasm be present or not, or what changes
in form it may underge. In so far as intrinsic conditions are concerned, it is loss of
osmotic properties in the cell-sap, and not any direct alteration in the structure of the
protoplasm, that gives rise to loss of turgescence: but, in dealing with any experiments
on tissues in which the maintenance of turgescence is normally related to confinued
vitality, we have carefully to bear in mind that certain extrinsic conditions may come
in to modify the nature of the results accompanying a cessation of functional activity.

In cases where the cessation of functional manufacture of osmotic products is accom-
panied by the introduction of extrinsic produets (as in experiments where the leaves of
Kalanchoe or the flowers of Ilibiscus are exposed to an atmosphere of ammonia), the loss
of turgescence attending the death of the tissues is reduced to a minimum; whilst, in
cases where no such modifying influence is present, the amount of loss will be determined
solely Dy the extent to which any stable osmotic materials of intrinsic origin are present,
In all such experiments we havo to consider the influence of the conditions to which the
tissues are exposed in producing the following effects :—

1st—Cessation of functional activity.
2nd—Addition of extrancous osmotic constituents to the cell-sap.
3rd—Disturbances in the relations of supply and evaporative loss of fluid.

4¢h—Alterations in the filtrative power of the protoplasm, and possibly of the
cell-walls.

In cases where leaves such as those of Kalamchoe, or flowers such as fthose of
Hibiscus rosa-sinensis, are exposed to an atmosphere of ammonia in a moist chamber, and
with the bases of their stalks subaqueously divided and immersed in water, we find turges-
cence remaining almost unaffected by the death of the tissues, becauso of the additio; of
extrancous osmotic materials to the cellsap co-oxisting with free supply and abolished
evaporative loss of fluid. Where similar tissues are exposed to an atmosphere of chloro-
form under otherwise like conditions, an abolition of turgescence follows the cessation of
functional activity, because the freest supply and abolished evaporative loss of water will
not make up for the loss of osmotic properties in the cell-sap in resisting the elastic
recoil of the cell-walls. Where, as in experiment XXT of chapter II, the same tissues are
exposed to an atmosphere of ammonia, without special provisions for seeurine supply and
abolishing evaporative loss of water, a very considerable loss of turgescence t:kes place in
spite of the addition of extrancous osmotic materials to the cell-sap; and finally, where
they are exposed to the action of osmic vapour, the loss in turgescence associat;d with
abolition of functional activity is retarded, apparently owing to the introduction of obstacles
to filtration. Such obstacles do not, however, arrest the loss of turgescence; they merely
retard it, whereas the introduction of extrinsic osmotic materials bring it to a standstill
whenever their capacities come to equilibrate those_ of the elastic recoil of the cell-walls
The effect of loss of osmotic property in the cell-sap may be retarded by obstacles tc;
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filtration, but wo have no positive evidence to show that any loss of turgescenco ever
anses owing to the development of special filirative facilities m the protoplasm apart
from clterations m osmotic property of the celisap Tho elashic recoil of the cell walls
15 tho essential factor 1n mamtaming the pressure which makes for filtraton and 1s
constanﬁy strugeling with the osmotic capacities of the cellsap When a condition of
v has been blished betneen these opposed agencies, 1t will remamn stable so
1cmrv as they remam unaltered, but will be disturbed by anything affecting therr mutual
relatwns Any mse 1w osmotic capacity of the sap will thus at once tend to mcrease
turgescence, and amy nse 1 external pressure Wil tend to diummish 1, and i 18
only where fluctuations of equal value occur m both d ly” that 4
will remamn unaltered

CHAPTER 1V
The sviunsie agents affecting tuvgescence

In the previous clapter we have scen reason to behevo that turgescence 15 essentially
dependent on certam osmotic propertics 1n the cell sap which cause the cell cavities to
mclude more flud than therr passive structural pecubnarities will account for  We have
now to der the mfl of certain ext: factors wn affectng the actual degieo of
turgesconce present at sny particular time  The functional activities of the protoplasts
of the tisues provide that the cell sap shall have cortain osmotic capacities but the
degree of turgescence ab any time must be affected by the extent to wlich the latter are
able to satisfy themselves Protoplasmic activity secures the presence of osmotie products
but external condifions must determine the extent to Which these will be abe to give
e to turgescence Tho pature and quantity of osmotic matertils m a mass of tissue
may Temam unaltered , and yet, m spite of this its degiee of turgescence may vary
greatly, owing to vamations m the amount of water avadable for them to act upon
The total mass of water contamed withm any terrestrial plant s subject to constant
vanations which are due to fluctuations 1 root supply and evaporative loss and where
the former of these 1s defective or the latter excesuve the highest degree of proto
plasmie stumulation and actiity will be unable to mamtan the turgescence of the
tissues to its normal extent Solar stunulation certamnly tends to establish the maxymum

of m chiorophyll gz tissues where sufficient water 15 available to

allow them to satisfy therr osmotic properties, but the strongest solar stimulation wiil
not suffice to prevent loss of turgescence under conditions of defe tive supply or
excesavo loss of water Every one, and specully every ome who has Lved m the
tropics, must be familiar with the phenomena of temporary wilting in certain common
leaves and the assumption of the mnocturnal postion by nyctitropie ones which so
constantly mantfests itself 1 the carly part of the afterncon during hot dry weather
The two phenomena have been by some obscrvers regarded as the results of two
distmet canses, wilung of common leaves bemg allowed to be the result of deficient
water supply,* whilst the movement in nyctitropic leaves 1s ascribed to the direct
action of excessive solar stumulation,t but the followmg experimental data clearly
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demonstrate that, in both alike, the ecssontinl detorminant lies in the ‘relation, between
supply and loss of water:—

Ezperiment I.—At 2-30 Pt of o bright afternoon in November, tho leaflets of four
plents of Cassiz elata, growing in rather small pots, were all in almost complete nocturnal
position, whilst those of a plunt of the same species, situated sido by side with them
and under precisely the same conditions in regard to insolation, but growing in the ground,
were in o state of full expansion. One of the pots was flooded with water, and an hour
later the leaves of the plant in it were almost fully expanded, whilst those of the other
pot-plants remained as beforo in the nocturnal position. At the same timo the leaves of
an Eranthemum growing boside the Cussins were very considerably wilted. Here there
were indices to the occurrence of general loss of turgescence in the Lranthemum leaves,
and of local loss of turgescenco in certain masses of tissuo in the leaves of the Cassias
in pots, determined, in the latter at all events, simply by defective root-supply in relation
to transpiratory loss.

Erperiment IT.—At 1-30 r.ar, on another day the leaves of two pot-plants of Cassia
glafe had their piune in almost fully developed nocturnal position. One pot was flooded
with water, anl at 2-50 p.r. tho pinne of the plant in it were almost fully expanded,
whilst those of the other remained as before, )

Experiment IIT—~Two pot-plants of Cassia alate were set side by side on a flat
masonry roof, so as to be fully exposed to the sun all day. At 1-20 r.a. of December
10th, one of them had its leaflets in the nocturnal position and the other its leaflets
nearly in the same state. The pot containing the former was flooded with water, and
three hours later the plant in it was fully expanded, whilst the other remained as before.
The following day was a cool, dry one, with only feeble sunshine, owing to the general
clouding of the sky; but in spite of this both plants were in partial nocturnal position at
1.30' r.as., the dovelopment of the nocturnal position being much more advanced in the
plant in the pot which had not been flooded on the provious day than in the plant in
the other. 'The former plant was now flooded. Twenty-four hours later its leaflets showed
culy a very slight tendency towards the assumption of the nocturnal position, whilst
those of the other plant had to a great extent assumed it. The pot containing the
latter plant was flooded, and at 4-30 the leaflets were found fully expanded, whilst those
of the other plant remained as before in the initinl stages of the nocturnal position.

It would be easy to multiply the record of experiments of this nature indefiuitely,
but, as the results were of a uniform nature, it would be superflucus to do so. Other
nyectitropic leaves just as clearly show the influence which is exerted ‘on turgescence by
variations in the relations between root-supply and transpiratory loss. In warm, relatively
dry weather, and under like exposure to sunshine, the leaves of pot-plants of Pithecolobium
saman will be found to be in the fully developed nocturnal position, whilst those of plants
rooted in the ground are in the fullest expansion. So again with the leaves of Cassia
sumatrana, Two plants growing side by side and equally exposed to the sunshine, but
one rooted in the ground and the other in the crevices in a wall, day after day in the
afternoon during warm dry weather, will vespectively have their leaflets in full .expansion
and in the nocturnal position. In the above instances the most influential factor in
giving vise to diminished turgescence under otherwise favourable circumstances was
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msufficient root supply of water, but, of course, excessive transpiratory loss will produce
sunilar effects, as the followmg experiment shows —

Ezperment IV —Two leaves of Kalancloe lacimale, each vweighimg exactly 1038
grommes, were tahen One of them (s) was placed 1n a sumple sealed chamber, and
the other (3) in one including capsules contamng sulphunc acid and chlorde of
caleum  The chambers were placed side by sde i front of «+ window, so ns to secure
their equal exposme to hght. Twenty four hours later, (s} remamed qute plump and
ngid and weighed 10 26 grammes, whilst (5) was flaceid throughout, shghtly browned at
some pomnts on the margm, and weighed only 835 grammes Both leaves were now
removed and planted with the bases of their petioles m moist earth, and hero (8) shortly
regamned 1ts turgidity save 1o the browned areas Here the mfluence of root supply was
chminated, as neither leaf had any source of supply whatover, and the excess of loss
weight shown by (3) as compared with (a) 18 thus to be credited solely to the action of
excessive transpuratory loss  The loss i weight i (a) amounted to 012 and may be
talen to indicate the quantity of water required to saturate the mir of the chamber
together with any expended in the courss of asnmtlatory processes Tnis leaves a loss
of 191 m (§), aseribable to cxcess of tramspiratory loss determined by the andity of the
aw of the chamber

It 15 the want of equbbrium Dboetween supply and loss that 1s the essentral factor in
determmmg the result, not sny absolute vmount of exther The root supply during the
course of the might must, as the soil cools, tend to dmmumsh, and yet 1t secures the renewed
turgadity of tissues which have wilted durmng the day, because 1t no longer has to
contend with transpiratory loss Ounco the dew pomnt has been arrived at, transpiratory
loss comes to anend, and hence the contmued supply, although not so great as durmg
the day, 15 ablo to restore turgescence 1 spite of the dimimished manufacture of osmotic
produets mcident on absence of solar 1 of the protopl That 1t 18 the
cessation of transpiration, and not amy other nocturnal condition, which 1s the efficient
cause, 19 mdicated by the fact that, on cloudy and dewless mights, recovery does not
oceur, but that, apart from mereased water supply, the wilting 18 cartied on continually
mto the mest day The same thing 15, ns we shall see when we come to consider
nychitropie phenomens, very clearly indicated also by the fact that the nocturnal con
dition m tissues exhibitmg these attmny :ts mavimum 1o the early part of the might,
and then gues on gradasly revorking, ©p 0 & centerx powad, towands the dionmal ome

In endeavourmg to account for any particular fluctuations i turgescence and for the
effeets followng these, we bave to consmder not merely the conditions of prolop]usmxc
sctinity regulating the manufacture of osmotie prod but also
affecting gcneml supply and loss of flud  The fullest !tlmulahon of tho protoplasm may be
present (as m lot dry afternoons} comeidently with very imperfect turgescenco, owing
to deficient supply and excessive transpiratory loss of fiud, on the other hand, a high
degree of turg may pany defective lation, as 1t does dunng the lu(ter
part of dewy mghts, becauso of the comcident contnued supply and abolished loss of
water The maxumum of turgescence m tissues in which turgxdxty 18 dependent on con
tinued vitality 15 only reached whero they are uxposed to st
of their protoplasts, to abundant supply and to abolished loss of water, but all minor
degrees may be preseat where these various fuctors are oﬂxermso combmcd In any
ordmury plant under normal fl 3 1m
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must be taking place in connection with the varying degree in which the different factors,
are ossocinted with one another. Every rise in protoplasmic stimulation, so far as it
affocts the manufucture of osmotic products; every rise in root-supply; and every fall in
transpiratory loss, must make for increased turgescence: whilst every fall in protoplasmic
ctimulation or root-supply, and every rise in transpiratory loss, must tell in the opposite
dircction. In the vast majority of cases, however, no readily appreciable results ensue;
and it is only where the fluctuations are considerable, and where the tissues present
certain poculiaritics of structure and arrangement, that we have conspicuous indices to
their occurrence under normal circumstances.

CHAPTER V.

The cffects produced bp fluctuations in furgescence.

Fluctuations in the turgescence of masses of vegetable tissue may manifest them-
selves in the form of more or less conspicuous changes in bulk, consistence, colour, or
position. Changes of the first kind present themselves very conspicuously in cases of
artificial plasmolysis in linear series of cells. In these a general diminution in bulk
is all that at first presents itself to observation; and it is not until this has advanced to
o certain point, until the clastic recoil of the cell walls has been satisfied; or, in other
words, until turgescence of the cells has consed to exist, that detachment of the
protoplasts occwrs. Changes in consistence associated with fluctuations in turgescence
cannot be better illustrated than by the temporary drooping and wilting which affects so
many leaves during the course of hot, dry days, and which is recovered from when
nocturnal conditions put a stop to transpiratory loss. Conspicuous changes of colour
are comparatively rare and excoptional phenomena, but some very striking instances

of their occurrence may be found. Among these is that which presents itself in
connection with Selaginella serpens.

Here the fronds, which under normal conditions are of a brilliant green during
the day, become towards, and for some time after, sunset of o chalky whitish colour. This
tint persists for some time and then gradually fades off, so that by midnight it has
been apparently completely replaced by the diurnal ome. 'The cause of these changes
in colour can be readily determined by means of immersing portions of the fronds, whilst
in the various states of coloration, in 2 per cent. solutions of osmic acid for a minute or
two, and then making microscopical preparations from them. This treatment, as Ludwig
Klein was the first to point out, not only fixes the protoplasts of the tissue in the form
which they had when the specimen was taken, but also acts on the chromatophores in
such a fashion ns to cause them to retain their mormal chlorophyll content and colour,
even when the specimen is subsequently cxposed to the aetion of alcohol and mounted
in balsam, the result being that permanent preparations ecorresponding to the various
changes in colour of the fronds can be obtained.

Before going on to deseribe the phenomena presented by any such series of
preparations, it may be well to furnish certain details regarding the structure of the
fronds. The greater part of their substance is composed of two sirata of epidermis,
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differing, however, from d 1 tissues, h as all the b cells,
with the exception of those of the margmal row bounding the frond and connected
with both strata, are sbundantly prowided with chlorophyll, the cells of the supenor

stratum especnlly contammmng a vanable number of r Jat ly large
(plate I fig 6) The supemor epidermis over the greater part of ﬂm frond cansxsts
of short polygonal cells, with wavy margins, and with numerous narrow pits or actual
shts on the external or upper face of ther walls (plate I fig 3) Towards the
margns of the frond, the cells become somewhat more elongated, and the outer omes
are m direct contact with the common margmal row, to which the external part of
the mferior epidermis 15 alto attached The margimal cells are, as before sud, devod
of chlorophyll and ere of a narrow, elongated figure, some being prolonged anteriorly
mto projecting pomts which give the frond 2 uermted contour (plate I ﬁg 1)
Therr walls are greatly thichened and highly \! lly externally, and
the projecting pomts are almost completely filled up so as to form sohd spines

The inferior epidermms, except 1mmediately over the nndnb, 15 composed of
elongated cells with strong walls and only a ly small quantity
of chlorophyll (plate I figs 1, 2) A few stomata are present along the middle lire
of the supemor epidernus, and a good many occur generally diffused over the inferor
one The infertor epidermis and the highly thnckened mm form a sort of mgmd
frame on which the superior epiderrms 13 highly stretched i such a fashion that,
even were 1its cell walls extensle and elastic, any considerable salteratton in the
capacity of the cell cavities 1s rendered imposmble under ordmary cwcumstances
Between the two epidermal strata there 13 a thin layer of very open tissue, which
18 somewhat thickened along the muddle lme around the smngle vascular bundle, but
which thins out and disappears around the edges and distal extremuties of the leaflets
Fach leaflet thus conmsts of a comparatively rigid inferior stratum, & very resistent
margn, a supenior stratum rich e chlorophyll and consistng of cells the walls of
which are pitted towards the free surface, and a ltmited amount of loose mtermediate
fissue including & vascular bundle

The p which d the P changes i the colour of the frond
take place 1 connection wih the cells of the supemor epxderxms \Vheu we examine &
sertes of preparations of this denved from fronds m of

ond whiteness 1t becomes at once evident that the protoplasmic constituents of the cells
are i very different states in the two cases In the brght green dumal condition
(plate I figs 4, 6), the protoplasts entircly fill the cell cavities and the separate
chromatophores which they contan are more or less distinetly recogmsable, whilst, m
the maximal wiite state (plate I figs 5, 7, 8), the protoplasm 13 shrunken and con
tracted away from the eell walls, and the chromatophores are so closely packed together
ns to form a sphencal mass in which the individual elements are rrecognmisable, and
which 1n many cases 13 the only wisible rep e of the protopl content of
the cell In other cases a marrow, ureguler fringe of colourl \!

containmg o nucleus, may be detected around more or less of the penpbery of tho
chromatophoric sphere  Between the outer margmm of the protoplasm and the cell wall
wde space mtervenes, Which 1 tho natural state of the tissue appears to be occupied
by nir, and 1t 18 to the presenco of tlus mtracellular air that the peculiar milvery or almost
chalky winteness of the fronds 1s due If, finally, wo examine fronds 1n tho green state
which they nssume during the latter part of the mght (plate I fig 9), wo find the
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protoplasts in an intermediate condition, mot nearly so highly contracted as thc;y were
when the plant was in the white ‘condition, but at the same time not so turgid as m
the diurnal green state, so that they do not fully occupy the cell-cavities and still leave
narrow peripheral spaces between their outer surfaces and the interior surfaces -of the
cell-walls.

Ve have here not merely an illustration of the chromatic effects which may be produced
by fluctuations in turgescence, but of the effects of the latter in determining alterations
in bulk of protoplasts, and also of the fact that very considerable fluctuations in the
turgescence of the protoplasts of a tissue may occur without corresponding fluctuations
in turgescence of the tissue as a whole. Whenever natural plasmolysis has occurred in the
cells; and the peripheral portions of the cell-cavities have been occupied by air, the
internal pressure on the cell-walls must remain practically unaltered, however much the
protoplasts go on contracting and losing turgescence. The details which have been
already given regarding the structure of the fronds afford a ready explanation of the
exceptional phenomens occurring in the latter. The protoplasts of the superior epidermis
with their abundant chlorophyll content are specially liable to fluctuations in turgescence
connected with the variations in their functional activity—with the variations in osmotic
properties in the cell-sap related to the absence or presence of solar stimulation. Under
the influence of sunlight, assimilatory activity is stimulated; and, if this be associated
with properly regulated supply and loss of water, turgescence rises to a maximum. This
does not lead to any appreciable increase in volume of the cells as a whole; for changes
in their bulk are rendered impossible owing to the fashion in which the tissue is stretched
over the resistent inferior epidermis and framed by the rigid margin of the frond, but
it causes the protoplasts to fill the whole of the cell-cavities. On the diminution and
final entire cessation of solar stimulation assimilatory activity gradually falls to 2 minimum,
and a{:, the same ti-me transpiratory los.s for a .ti.me goes on unchecked. There is a loss of
osmotic propfarty in the cell-sap, w'lnlst (.:ondltlons of general loss and supply of water
remain practically unaltered, and with this a great fall of turgescence in the protoplasts
ensues. Owing t.o the unalteral?lfa dimensions c')f the cell-cavities this leads to a process of
¥1atura,1 plasmolysis, and the vacuities thus established are filled by air, the entrance of which
into, as w‘ell as the escape of water from, the cavities being specially facilitated by the
peculiar pitted character o'f the walls presenting to the free-surface. Presently, however
w1f;h the fall of atu}ospherlc temperature, transpirajcory loss diminishes, and, when the dew:
i b b, il o o il T kel e, wd o

hey do dwing the day. So 1 ; 7 ¢ ironds appear almos
as they g the day. So long as active transpiratory loss goes on, turgescence
of the protoplasts goes on falling below the level it - would naturally sink to, simply
a8 the result of the loss of osmotic property connected with removal of solar stimula-
gln;thznieszzzlffguz?tgath(? {Jlaximum of- loss and of whitening of the tissue occurs.
( ( of poration the continued root-supply allows the cell-sap to satisfy
its osmotic capacities unfettered, and hence an increase in turgescence takes place
This is sufficient almost entirely to do away with the whitening of the tissue buth .
nof, compl'etely restore the protoplasts to their diwrnal state of turgescence: which o:
ot sapuity of fho ocllanp 108 s Prosiesy o gy ore 1sises tho

. ecisely similar alterations in the turces-

cence of the protoplasts, and therefore in their relations to the cell-walls of th .o
which they are contained, may be artificially i walls o e cavities in
3 y artificially induced by exposing _the fronds to the
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wfluence of chloroform vapour (plate T fig 10) The loss i turgescence here, however,
13 not accompanied by any such conspicuous change m colour as attends tho normal
nocturnal loss, 83 the flud which escapes from the interior of the protoplasts mto the
penphery of the cell cavities 19 mot removed and replaced by awr to auy appreciable
extent In both cases, however, the essential phenomena are alike and consist 1n a loss
of osmotic property m the coll sap, dependent on depression of the functional actinty
of the protoplasts and determuming 2 loss m turgescence  The transitory whitemng of
the fronds occurring under normal conditions 18 quite distinet from the discolouration
which occurs permanently m old fronds during continued penods of low temperature or
excessive dryness The chango in colour under the latter conditions 13 not of the same
chamacter, bewng rather & yellowing than a whiterung, and 1s not connected with loss in

but with decol 1 the ch phores, a decol which 18
apparently associated with mureased formation of permanent osmotic products m the
cell sap, which serve to lumt the range of fluctuations in turgescence The normal
dwrpgl alterations m colour, on the other hand, are essentially nyctitropic phenomena,
and are determined by the same primary factors as the movements which we have
next to consider,

In the case of Selagunella serpens the changes of colour are dependent on movements,

but these are hmited to the prot ts, and are theref: d by any
appreciable alterations m s1ze of the cel]s or displacement of masses of tisswe In the
case of common mnyehitropic m ts m turg: take place 1n entire

tissue elements or tissues, not merely m protoplasts, and serve to give mse to movements
as distsgwished from mere slterations m bulx or consistence, because they occur m
unlike amount 1m elements or masses of elements differmg from one another both struc
turally end functionally, and so ged that any m the bulk of one rust tend
to produce corresponding elterations 1 the degreo of resstance which it presents to the
action of the other They are related to one another just as the scales mn 2 delicate
bilance are, and Just as any alteration 1 the weights 1 the former determines displace-
ments m the beam to which they are attached, so do any alterations m turgescence
affecting one of the opposed masses of fissue to & greater extent than the other determine
displacements 1m the structures to which they are related  In the case of common pulvinate
nycttropic leaves which exlubit movements of elevation and depression, the masses of
tissue on the upper and under mdes of the passive, flexible, unligmfied vaseular bundle
are constantly tending respectively to llepress and to elevate 1t So long as conditions of
remain ltered, or only fl m ke direct and degree m both
s\multaneously, no movement will occur, but whenever we have either a mse or fall
m turgescence affecting ether of them i greater degree than the other, displacements
te to the duff m the 1t relative strength of the masses of tissue
must take place 'The vascular bundle 13 m a poston of unstable equlibrium, the
supertor pulvinar pad constantly tending to depress 1t and the inforior one stnving to
elevate 1t The postion of the bundle at any given time, m so far a3 local conditions
are concerned, 18 dependent on the relative strengths of the opposed pads, and any altera
tions 1n their relative strengths must lead to corvespondmg d splacement
The most nmversally diffused of all ny P 18 that urring m
the case of the stomate of the epidermal tissues, and as the essential features charactenstic
of such movements as a class are i this instance presented to us in ther

Tiorat,
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protoplasts in an intermediato condition, not nearly so highly (iontmctod as thc.zy wero
when the plant was in the white condition, but at the same time not s0 turg‘xd s in
the diurnal green state, so that they do not fully occupy tho ccll:cnvi%ies and still leave
narrow peripheral spaces between their outer surfuces and the interior surfaces of the
coll-walls.

We have here not mercly an illustration of tho chromatic effects which may be produced
by fluctuations in turgescence, but of tho effects of the lntter in determining a]tefntions
in bulk of protoplasts, and also of tho fact that very considerable fluctuations in the
turgescenco of the protoplasts of a tissue may oceur without corresponding fluctuations
in turgescenco of tho tissuo as a whole. Whenever natural plasmolysis has oceurred in the
cclls; nnd the peripheral portions of the coll-cavities have been occupied Dby nir, the
intornal pressure on tho cell-walls must remain practically unaltered, however much the
protoplasts go on contracting and losing turgescence. Tho details which have been
already given regarding tho structurc of the fronds afford a ready explanation of the
exceptional phenomena ocewrring in the latter. Tho protoplasts of the superior cpidermis
with their abundant chlorophyll content are specially liable to {luctuations in turgescence
connected with the variations in their functional activity—with the variations in osmotic
propertics in the cell-sap related to the absence or prescnce of solar stimulation, Under
the influence of sunlight, assimilatory activity is stimulated; and, if this be associated
with properly regulated supply and loss of water, turgescenco rises to a maximum. This
does not lead to any appreciable increase in volume of the cells as a whole; for changes
in their bulk are rendered impossiblo owing to the fashion in which the tissue is stretched
over the resistent inferior epidermis and framed by the rigid margin of the frond, but
it causes the protoplasts to fill the whole of tho cell-cavitics, On the diminution and
final entire cessation of solar stimulation assimilatory activity gradually falls to a minimum,
and at the same timo transpiratory loss for a time goes on unchecked. There is a loss of
osmotic property in the cell-sap, whilst conditions of general loss and supply of water
remain practically unaltered, and with this a great fall of turgescenco in the protoplasts
ensues. Owing to the unnlteral.)l? dimensions of the cell-cavities this leads to a process of
natural plasmolysis, and the vacuitics thus established are filled by air, the entrance of which
into, as w.cll as the escape of water from, the cavities being specially facilitated by the
peculiar pitted character o.f the walls presenting to the free-surface. Presently, however,
with the fall of atn%osphemc temperature, transpiratory loss diminishes, aud, when the dew-
point has been arrived af, ceases altogether, whilst root-supply continues, and now the
whitening of th.o tissue also begins to diminish steadily until the fronds appear almost
as they do during the day. So long as active transpiratory loss goes om, turgeseence
of the protoplasts goes on falling below the level it - would naturally sink to, simply
as the result of the loss of osmotic property connected with removal of solar stimula-
tion, and consequently the maximum of loss and of whitening of the tissue occurs.
.On the cfzssation of evaporation the continued root-supply allows the cellsap to satisfy
I{‘Sh. osmotic capacities unfe.ttered, and hence on increase in turgescence takes place.

is is sufficient almost entircly to do away with the whitening of the tissue, but does
e e ES b, Uk o o g, i
osmotic capacity of the cell-sap to a maximumS l?re&ci()ly a?tlf%y onee .morc.z raises the

; m. sely similar alterations in the turges-
cence of the protoplast§, and therefore in their relations to the cell-walls of the cavities in
which they are contained, may be artificially induced by exposing the fronds to the
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mfluence of chloroform vapour (plate I fig 10) 'The loss m turgescence here, however,
13 not accompamed by any such conspicuous change m colour as attends the normal
nocturnal loss, as the flud which escapes from the interior of the protoplasts mto the
periphery of the cell cavities 13 mot removed and replaced by ar to auny appreciable
extent In both cases, however, the essential phenomena are alike and consist 1n a loss
of osmotic property i the cell sap, dependent on depression of the functional actiaty
of the protoplasts and detemmuming a loss m turgescence  The transitory whitenmg of
the fronds occurrng under normal conditions 1s quite distinet from the discolouration
which occurs permanently m old fronds during continued periods of low temperature or
excessive dryness The change in colour under the latter conditions 1s not of the same
character, bewng rather & yellowing than s whiteming, and 13 not connected with loss in

but with decolourization 1n the ch phores, a decol tion which 13
1y d with d formation of p t osmotic prod m the
cell sap, which serve to lum¢ the range of fluctuations in turgescence Tlhe normal
dmrnal alterations m colour, on the other hand, are essentially nyctitropic phenomens,
and are determmed by the same prrmary factors as the movements which we have
next to consider

g

In the caso of Selagmells serpens the changes of colour are dependent on movements,
but these aro lumted to the protoplasts, and aro thereforoc unaccompamed by any
apprecinble alterations i mze of the cells or displacement of masses of tissue In the
case of nyctitropic movements m torg take place in entire
tissue elements or tissues, not merely in protoplasts, and serve to give xise to movements
as distinguished from mere altcrations m bulc or consistence, beiause they occur m
unlike amount m elements or masses of elements differing from one another both struc
turally end functionally, and so arranged that any alterations m the bulk of one must tend
to produce corresponding slterations 1 the degree of resstance which it preseats to the
action of the other They are related to one another just as the scales in p delicate
balance are, and just as any alteration m the weights m the former determiney displace-
ments mn the biam to which they are attached, so do suy al m t
affecting one of the opposed masses of tissue to a greater extent thaun the other determine
displacements m the structures to which they are related  In the case of common pulvinate
nyctitropie leaves which exhubit ts of elevation and dep the masses of
tussue on the upper and under mdes of the passive, fleible, unhgmfied vascular bundle
are constantly tending respectively to depress and to elevate 1t So long as conditions of

remain ltered, or only fl m lhke diwection and degree m both
simultanecusly, no movement will oceur, but whenever we have either a mse or fall
m turgescence sffecting exther of them in grester degree than the other, displacements
proportionate to the difference 1n the resultant relative strength of the masses of tissue
must take place The vascular bundle :s 1 & position of unstable equilibrium, the
supertor pulvinar pad constantly tending to depress it aud the inferior one striving to
elevato 1t The postion of the bundle at any given time, m so far as local conditions
are concerned, 15 dependent on the relative strengths of the opposed pads, and any altera
tions n thewr relative strengths must lead to ponding displacement

The most wmversally diffused of all nyctitropic movements 1 that occurrmg m
the case of the stomata of the epidermal tissues, and as the essential features characterstic
of such movements as a class are 1n  this instance presented to us in thewr
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protoplasts in an intermediato condition, not ncarly so highly c-ontractcd as th?y wero
when the plant was in the whito condition, but at the samo time x.mt 80 tnrg}d as in
tho diurnal green state, so that they do not fully occupy tho cc]l:cavx!ics and still Jeave
narrow peripheral spaces between their outer sarfuces and the interior surfaces of tho
cell-walls.

Wo have here not merely an illustration of the chromatic effects which may be produced
by fluctuations in turgescence, but of tho effects of the latter in dctcrmining‘ n]tc::ntions
in bulk of protoplasts, and also of tho fact that very considerable fluctuntions in the
turgescence of tho protoplasts of a tissue may oceur without corresponding fluctuations
in turgesconco of tho tissue as o whole. Whenever natural plasmolysis has oceurred in the
colls; and the peripheral portions of the cell-cavities have been occupied Dy air, the
intornal pressure on the cell-walls must remain practically unaltered, however much the
protoplasts go on contracting and losing turgesconce. The details which have been
alrendy given regarding the structuro of the fronds afford a ready explanation of the
exceptional phenomena occurring in the latter. The protoplasts of the superior epidermis
with their abundant chlorophyll content aro specially liablo to fluctuations in furgescence
connected with the variations in their functional activity—with the variations in osmotic
propertics in the cell-sap related to the absence or prescuce of solar stimulation. Under
the influence of sunlight, assimilatory activity is stimulated; and, if this be associated
with properly regulated supply and loss of wator, turgescence rises to a maximum, This
does not lead to any appreciable increaso in volume of the cells as a whole; for changes
in their bulk are rendered impossible owing to the fashion in which the tissue is stretched
over the resistent inferior epidermis and framed by the rigid margin of the frond, Lut
it causes tho protoplasts to fill the whole of the cell-cavitics. On the diminution and
final entire cessation of solar stimulation assimilatory activity gradually falls to a minimum,
and at tho same time transpiratory loss for a fime goes on unchecked. There is a loss of
osmotic property in the cell-sap, whilst conditions of general Joss and supply of water
remain practically unaltered, and with this a great fall of turgescence in the protoplasts
ensues. Owing to the unalterable dimensions of the ccll-cavities this leads to a process of
natural plasmolysis, and the vacuitics thus established are filled by air, the entrance of which
into, as well as the escape of water from, the cavities being specially facilitated by the
peculiar pitted character of the walls presenting to the free-suface. Presently, however,
with the fall of atmospheric temperature, transpiratory loss diminishes, and, when the dew-
point has been arr_ivcd at, ceases altogether, whilst root-supply continues, and now the
whitening of th‘o tissue also begins to diminish steadily until the fronds appenr almost
as they do during the day. So long as active transpiratory loss goes on, furmescenco
of the protoplasts goes on falling below the level it would naturally sink to, simply
as the result of the losz of osmotic property connected with removal of solar stimula-
tion, and consequently the maximum of loss and of whitening of the tissue occurs.
Qn the c.essation of evaporation the continued root-supply allows the cell-sap to satisfy
1{‘1. osmotic capacities unfettered, and hence an increaso in turgescenco takes place.

is is sufficient almost entirely to do away with the whitening of the tissue, but does
EE;YC(;’:;I;};:SSY ‘;’l‘ii’ri 0;0:: :i;gfg%:};iﬁ t:f ?;Erm itllilu'nnl stu.tc. of turgescence, which is

: . atory activity once more raises the
osmotic capacity of the cell-sap to a maximum. Precisely similar alterations in the turees-
cence of the protop]ast.s, and theiefore in their relations to the cell-walls of the ca.vitiesb in
which they are contained, may be autificially induced by exposing the fronds to the
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mfluence of chloroform vapour {plate I fig 10) The loss 1 turgescence heie, however,
13 not accompamed by sny such conspicuous change in colour 2s attends the normal
nocturnal Joss, as the flud which escapes from the mtemor of the protoplasts wnto the
penphery of the cell cavities 13 not removed and replaced by aw to any apprecable
extent In both cases, however, the essential pbenomena are ahke and consist 1 a loss
of osmotic property m the cell sap, dependent on depression of the functiomal activity
of the protoplasts and determinng a loss m turgescence  The transitory whitening of
the fronds occurring under normal conditions 1s quite distinct from the discolonratron
which occurs permanently m old fronds during contmued periods of low temperature or
excessive dryness The change i colour under the latter conditions 15 not of the same
character, bemng rather a yellowmng than a whitemug, and 1s not connected with loss
turg , but with decolounization 1n the ch ph 2 deeo) which 13

Iy ted with d formation of permanent osmotic products m the
cell sap, whmh serve to lmt the range of fluctuations i turgescence The normal
dwrual alterations 1 colour, on the other hand, are esseutially nyctitropis phenomens,
and are determmed by the same pnmary factors as the movements which we have
next to consider

In the case of Sclagmella serpens the changes of colour are dependent on movements,
but these ars hmited to the protoplasts, and are therefore wnaccompamed by any
appreciable alterations 1 mze of the cells or displacement of masses of tissue In the
case of common mnychtropic m m turg take place 1n entire
tissue elements or tissues, not merely 1n protoplasts, and serve to give rise to movements
as distingwshed from wmere alterations m buls or consistence, betause they occur in
unhke amount m elements or masses of elements differing from onme anather both strue
turally and funchionally, and so arranged that any alterations i the bulk of one must tend
to produce corresponding alterations 1n the degree of remstance which 1t presents to the
action of the other They are related to one another just as the scales i a dehcate
balaneo are, and just as any alteration m the weights m the former determines displace
ments m the beam to which they are hed, so do any sl n
affecting one of the opposed masses of fissue to & greater extent than the other determme
displacements 1 the structures to which they are related  In the caso of common pulvinate
nyctitropic Jeaves which exlubit movements of elevation and depression, the masses of
tissuo on the upper and under smdes of the passve, flexible, unhgmfied vascular bundle
are constantly tending respectively to depress and to elevate 1t So long as conditions of

remam Mered, or only fluctuate m like direction and degree m both
sxmultanenusly, no movement will occur, but whenever we have erther a nse or fall
m turgescence affecting either of them in greater degree than the other, displacements
proportionate to the difference n the resultant relative strength of the masses of tissue
must tshe place The vascular bundle 15 m = position of unstable eqmlibrium, the
supertor  pulvinar pad constantly tendmg to depress 1t and the nferior one stnving to
elevate 1t The position of the Lundle at any given time, m so far as loeal eonditions
are concerned, 18 dependent on the relative strengths of the opposed pads, and any altera
tions m therr relative strengths must lead to corresponding d splacement

The most umversally diffused of all uy: P ts s that 1
the case of tho stomata of the epidermal tissues, and as the essential features charactenistic
of such movements a3 2 class are i  ths mstanco presented to us in ther
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protoplasts in an intermediate condition, not nearly so highly contracted as they were
when the plant was in the white ‘condition, but at the same time not so turgid as in
the diurnal green state, so that they do mnot fully occupy the cell-cavities and still leave
narrow peripheral spaces between their outer surfaces and the interior surfaces of the
cell-walls.

We have here not merely an illustration of the chromatic effects which may be produced
by fluctuations in turgescence, but of the effects of the latter in determining alterations
in bulk of protoplasts, and also of the fact that very considerable fluctuations in the
turgescence of the protoplasts of a tissue may occur without corresponding fluctuations
in turgescence of the tissue as a whole. Whenever natural plasmolysis has occurred in the
cells; and the peripheral portions of the cell-cavities have been occupied by air, the
internal pressure on the cell-walls must remain practically unaltered, however much the
protoplasts go on contracting and losing turgescence. The details which have been
already given regarding the structure of the fronds afford a ready explanation of the
exceptional phenomena ocowrring in the latter. The protoplasts of the superior epidermis
with their abundant chlorophyll content are specially liable to fluctuations in turgescence
connected with the variations in their functional activity—with the variations in osmotic
properties in the cell-sap related to the absence or presence of solar stimulation. Under
the influence of sunlight, assimilatory activity is stimulated; and, if this be associated
with properly regulated supply and loss of water, turgescence rises to a maximum, This
does not lead to any appreciable increase in volume of the cells as a whole ; for changes
in their bulk are rendered impossible owing to the fashion in which the tissue is stretcl?ed
over the resistent inferior epidermis and framed by the rigid margin of the frond, but
it causes the protoplasts to fill the whole of the cell-cavities, On the diminution, and
final entive cessation of solar stimulation assimilatory activity gradually falls to a minimum
and at the same time transpiratory loss for a time goes on unchecked. There is a loss Oé
osmotic property in the cell-sap, whilst conditions of general loss and supply of water
remain practically unaltered, and with this a great fall of targescence in the protoplasts
ensues. Owing t.o the unalterable dimensions of the cell-cavities this leads to a process of
{mtura.l plasmolysis, and the vacuities thus established are filled by air, the entrance of which
into, as w'ell as the escape of water from, t.he cavities being specially facilitated by the
peculiar pitted character o.f the walls presenting fo the free-surface, Presently, however
Wlflh the fall of atnfosphenc temperature, transpiratory loss diminishes, and, when the dewz
p01.nt }.ms been arr}ved at, ceases altogether, whilst root-supply continues, and now the
whitening of tl‘l-e tissue also begins to dimin%sh steadily until the fronds appear almost
as they do during the day. So long as active transpiratory loss goes on turgescence
of the protoplasts goes on falling.below the level it - would naturally sin;;
as the result of the loss of osmotic property connected with removal of solar stimula.
tion, and consequently the maximum of loss and of whitening of the tissue oceur
Qn the c-essation of evaporation the continued root-supply allows the cell-sap‘ to s::;lf;
s osmotic capacities unfettered, and hence an increase in turgescence takes pl
This is sufficient almost entirely to do away with the whitening of Dthe e tP ;ce.
not completely restore the protoplasts to their divinal state of turgescence, 11: ho?s
only regained when solar stimulation of assimilatory activity once more ,r:;sm . h:s
osmotic capacity of the cell-sap to a maximum. Precisely similar alterations in the 1:: ;
cence of the protoplasts, and theiefore in their relations to the cell-walls of the caviti T8es-
which they are contained, may be artificlally induced by exposing the fronds tI: s tllllé

to, simply
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fluence of chloroform vapour (plate I fig 10) The loss in turgescence hero, however,
13 not accompanied by anmy such conspicuous change m colour ag attends the normal
nocturnal loss, as the flud which escapes from the interior of the protoplasts mto the
periphery of the cell cavities 13 not vemoved and replaced by awr to any appreciable

extent In both cases, h y the tal ph are ahke and consist m a loss
of osmotic property in the cell sap, dependent on dep of the fi 1 actinty
of the protoplasts and deterrmming a loss m turg The y whitemng of

the fronds occurring under normal conditions 1s qute distmet from the discolouration
which oceurs permanenily 1n old fronds during continued perods of low temperature or
excessive dryness The change 1n colour under the latter conditions 1s not of the same

chamcter, bemng rather a yellowing than a wi and 13 not ted with loss 1
t but with decol 1 the ck topk a decol tion which 13
apparently associated with increased of t osmotic d m the

P
cell sap, which serve to Iimt the range of ﬂnctuatmns m turgescence lhe normal

dwrnal alterations m colour, on the other hand, are essentwlly nyetitropic phenomena,
end are determined by the same primary factors as the movements whick we have
next to consider

In the case of Selayumella serpens tho changes of colour are dependent on movements,
but these are lumted to the protoplasts, and are therefore unaccompamied by any
appreciable alterations i sze of the cells or displacement of masses of fissue In the
case of ny ts al m teke place 1 entire
tissue elements or tissues, not merely m protoplasts, and serve to give rse to movements
as distingwshed from mere alterations 1 bule or conswstence, beuamse they oceur m
unltke amount 1n elements or masses of elements differmg from ono another both struc
turally and f lly 2nd so ged that any al m the bulk of one must tend
to produce corresponding alterations 1n the degree of remstance which 1t presents to the
action of the other They are related to one another just as the seales m a dehcate
balance are, and Just as any alteration 1n the weights mn the former determines dusplace-
ments m the beam to which they are attached, so do any alterations in turgescence
affecting ove of the opposed masses of tissue to a greater extent than the other determine
displacements m the structures to which thoy are related  In the case of common pulvinate
nychtropic leaves which exlubit movements of elevation and depression, the masses of
tusie on the upper snd under mdes of the paswve, flauhble, vahgofied vascular bundle
are coustantly tending respectively to depress and to elevate 1t So long as conditions of

Temamn ltered, or only fl m like directron and degres m both
simultaneously, no movement will occur, but whenever we have either a mse or fall
1 turgescence sffecting either of them mn greater degree than the other, displacements
proportionate to the diff 1 the | relative strength of the masses of tissue
must take place Ihe vascular bundle 38 m a position of unstable equibbrium, the
superior pulvinar pad constantly tending to depress 1t and the mnfersor one striving to
elevate it The posttion of the bundle ot any given time, m so far as local conditions
are concerned, 13 dependent on the relative sirengths of the opposed pads and any altera
tiong m their relative strengths must lead to corresponding d splacement

The most umversally diffused of all nyctitropic movements 1s that occurrmg 1n
the case of the stomata of the epidermal tissues, and as the essential features characteristic
of such movements as a class gare 1 this instance presented to us i ther
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simplest form, it is advisable to study it somewhat closcly ere proceeding to th(;
tua

consideration of cases in which the movements are no longer determined by the mu
relations of individual eells, but by those of complicated masses of tissue. As every
one is aware, the opening and closure of the stomatic orifices are due to the fact
that, under certain conditions of illumination, root-supply, and transpiratory loss of
water, the guard-cells become so turgid that they are able to detormine a certain
amount of displacement of the swrrounding epidermal elements; and that, in the ahsence
of these conditions, they lose turgidity to a greater or less degree, and, being no longer
able to withstand the recoil of the neighbouring tissue, they allow it to approximate
their inner surfaces and more or less completely to close the interspace between them.
This, it is evident, implies that under favourable conditions the guard-cells become
more turgescent and, for the time being, stronger than the other epidermal clements ;
for did they not do so displacement of the latter would be impossible. We have then
in the first place to ascertain what are the distinctive features in the guard-cells as
compared with the other epidermal elements, which are associated with this capacity for
temporary increase in strength. And when we bave done so we find them to be the
following :—~1st, they are younger than their neighbours; 2nd, they are rzicher in
protoplasm; 8rd, they are conspicuous as containing a relative abundance of chloro-
phyll and starch; 4%, they are, as Kienitz-Gerloff has shown,* distinguished by the
fact that there is no contionity between their protoplasm and that of neighbouring
colls, The three first of these characters are characteristic of the active elements in
nyctitropic tissues generally; but the fourth is naturally absent in cases where move-
ments are fieﬁermined, not by alterations in the turgescence of isolated cells, but of
masses of tissue. In the case of the guard-cells it is necessary that conditions provid-
ing for the excessive turgidity of individual cells should be provided, and accordingly

we ﬁfui th.e cell-cavities closed and the protoplasts isolated; but in the case of masses '
of acltlve.z _’mssue th’ere Woul.d, o'f course, be no advantage attained by the isolation of
the individual units entering into their constitution.

That the guard-cells belong to a younger generation than the surrounding com-
won epidermal cells is a well-vecognised fact. In the first edition of the Eneclish
version of Sach’s “Text-book of Botany” we find it stated that “as the s’comat: do
not arise until rather late, that is, during or after the expansion of the internodes
and leaves, their arrangement is partly dependent on the originally elongated fo
of the epidermis cells,” and that ‘“the origin of the stomata is always thf result m;
the formation of a mother-cell, first of all by division of g y0uny evider o ;)I
which is sometimes preceded by several preparatory divisions in ithr Pin zlsce ’
epidermis cells; and this mother-cell becomes more and more rounded off D
guard-cells are formed from it by division.”+ e off, aud the

It is unnecessary to quote any special author
s rity for the fast of th i
abundance of Protoplasm, .and particularly of chlorophyll and starch, in the . Sé? e~c 11?1
as compared Wwith other epidermal elements, as it is ome which js e,‘ id Fito most
casual observation. ot o e ot

* Die Protoplasmaverbindungen zwischen benachbarten Geweb

Bot. Leit. 1891, cwelementen der  Pflanze.

F. Krerxtrz-Geunrorr

T A Text-book of Botany; Snchs, Bennett ang Dyer, 1st ed., pp. 486, 87
1 . s 4Oy .
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In the guard cells we have to deal not merely with younger elements, snd
therefore with elements which are for a tume structurally weaker than the surround
g eptdermal cells, but with elements which in certain areas remain permanently
weak, owing to the chsracters of thewr walls, which, as 1s well known, remamn perma
nently thin, extenmle, and elastic on thar lateral faces They are not, however, merely
structurally weaker than therr neighhours, but they are nlso physxologca]ly stronger
on amccount of their relative excess of P and specially hl phyll which,
under the influence of sunlight, rletsrmmts an excess of nssumlatory achvxty and with
thns an excess of turgescence, dus to the re 1n osmotic capacty which the products
of latory activity d w the cell sap, and whichsattams a specally high
degree of development 1 consoquence of the complete closure and 1solation of the cell
cavities An equal mse n turgescence does not occur in the common epidermal cells,
owing to therr poorer protoplasmic content and deficiency i chromatophores, and hence
under the mfluence of sunlight, the guard cells become for the time bemng relatively
stronger than therr neighbours, and are able to determme a certatn amount of dis
placement of them  When assumlatory activity 15 no longer stimulated, the manu
facture of osmotic products falls, and with this the turgescence of the guard cells ceases
to be excessivo and the elastic recoil of therr own walls and of the surrounding s
placed cells causes the tissue to resume the posmtion proper to its passive condition as
determined by the structural strength and of 1ts 1 ts, The
common epidermal cells sre structurally stronger but functionsily weaker than the
guard cells, and hence are relatively weaker during periods when the tisue 15 exposed
to sunlight than they are when 1t 13 m darkness The guard cells, on the other
hand, are structurally weaker but functionally stronger than therr neighbours, and
consequently attamn their mawmmum relative strength dumng periods of rmnsolation
The postion of the cells during darkness represents the outcome of the structural
features of the tissue along with the degree of turgescence persistng apart from
photie stumulation of s protoplasts The incidence of sunlight determines a greater
yise m turgescence i the guard cclls than in the surrounding elements, and conse
quently makes them relatively stronger than the latter are, and 1 domg so enables
them to cause a certan amount of displacement of these The removal of solar
stimulation, on the other hand, gives rise to a general loss m turgescence, but, the loss
m the guard cells bemg greater than that in the commen epidermal cells, the latter
now become the stronger and return to the pemtron which they oecupy apart from
the action of the stunulus The opemmg and closure of the stomehc onfices are,
therefore, the results of the structural and physiological differences exmsting between
the guard cells and the otber epidermal elements, tho relative structural weakness of
the former determmng closure 1n the absence of hght, and the relative functional
weakness of the common cells securng that openmg shall occur on the weidence
of solar stimulation

It 13 clear that these movements, which are really nyctitropic when dus to the
presence Or absence of hight, may amse independently of any varu m d of
slummation, so long as the variations m turgescence, which are their immediate causes,
aro present As we have already seen the nctual degree of tmigescence 1n any tussue or
tissue element at any given tume depends mot mercly on the osmotic capacities of the
cell sap, but on the amount of water available to satwfy these  Accordingly we find
that, even under conditions of maximum selar stimulation, the stematic onfices ere moro
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or less closed when such stimulation is attonded by dofoctive root-supply or oxcessive
ovaporative loss of fluid. Whilo the stimulation and functional activity of the pro-
toplasts romain at o maximum, full turgesconco is impossible in the absenco of sufficient
water-supply ; ond, whon the supply falls beneath a cortain liiit, the degres of
turgoscence in tho guard-cells is so lowered that they no longer possoss the excess of
fanctionally acquired strength sufficient to ovorcomo the structural resistance of the
swrrounding tissuo; ond, when onco this condition has been reached, closuro of the
orifices, or, in other words, an assumption of the nocturnal position, must fake place.
The guard-cclls arc from their position and structuro specially exposed to evaporative
loss, and arc therefore specially liablo to loso turgescenco, in spite of their functional
peculinrities, whenover the tolations botween root-supply and transpiratory loss of
water are such as to imply a rolativo cxcess in the latter. They arve thus liable to
loso turgescence on diminished access of wator to the roots, or on excessive cvaporative
loss determined by dopression of atmospheric humidity; and, as a matter of fact, we
know that the condition of tho stomatic orifices doos vary in relation to fluctuations in
water-supply, quite apart from any fluctuations in dogree of solar stimulation, and that
it is precisely on their occurrence that one of the main functions of the stomata
depends. The movements determinod by variations in the turgescence of tho guard-
cells are sometimes connected with physiological and somctimes with purely physical
causes, somctimes with variations in the functional activity of tho guard-cells, and at
others with variations in the relations of general supply and loss of fluid dependent
on telluric and atmospheric conditions. In the one case we have the cell-sap becoming
less rotentive of fluid, duc to diminished manufacture of osmotic products by the
protoplasts ; in the other, wo have o deficiency in the amount of fluid which is
available for retention, and in both cases the samo ultimate result is arrived at,
namely diminished turgescence. The closure of the stomata during the courso of hot
dry days is thus the parallel of the wilting of common loaves and the assumption
of the mnocturnal position in nyctitropic ones wunder similar conditions. Al three
phenomena are duc to a loss in turgesconce, which is determined, not by. any
diminution in protoplasmic stimulation, but by deficiont wator-supply to satisfy the

osmotic capacities of the products arising in tho cell-sap under the influcnce of solar
stimulation.

CHAPTER VL

The npctitropic mobements of leates.

In the previous chapter we have found grounds for believing that the movements
to which the opening and closure of the stomata are due depend primarily on
certain structural and functional differences between the guard-cells and the other
epidermal elements, and secondarily on the relations between general loss and supply
of water determined by atmospheric and telluric conditions; and when wo come to
deal with the movements of entire leaves, whether these be of a nyctifropic nature
or such as occur under conditions in which they are ordinarily regarded as the result
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of sctive contraction of the protoplasts of tho motor organe, wo find abundant evileren
that they are due to sn csentully mmilar cammation  Tho movements i thew enses
bang determined not by individual eclle, but by mases of tisue, are often of ven
consilerable ma_mtude and are thus more readily appreciable than the stomatic moves
ments are, but, hiko the Iatter, they aro & d cither by fluet m the retentive
power of the cell mp or by sunations in the sopply of flmd asaflable for retertion
Accordingly wo find them mamfesting themsclves cither a9 tho resalt of altertions
simulation of aeumlatory actinty of the protop'uts of the motor organs, of vanations
mn tho relation of root supply to transpiratory loss, or of vanations in couditions aflecting
filtration

Lhe penod F of the 1 and dwrnal poutiont by avehitrope
leaves 13 n phenomenon of precicely the sme nataure ns the coincident opeming and
closuro of the stomata and the changes in colour of tho fronds of Selogirells serpens m
being essentully duo to alterations i tho osmotic properties of the cellap bat the
action of theso 1s affectod by ther comnexdence with certain general relations of sajjly
ond Joss of fluid  Conscquently, just as an Selagnella we find the mavimum of
whiteness 1 the fronds occurning in the fin* part of tho might, x0 1n the case of nycta
tropic leaves weo find the 1 poution at 7 ate ot tho mano time
ke attmnment of the mixmum of the nocturnal eonlition at or shortly after sun
set, and tho occurrence of 8 reversion towards the diwrmal ono dumng tle latter
part of tho mght, aro chamctenstic featurs in nyctitrome phenomina  genemlly
The maxumum ¢ ottaned st the time 3t 1e, because then tle cesation of solar
stimulation of asamilatory sctivaty and the conscquent loss in omnotic property of
the coll map do with unaltered, or inapy bly altered, ref; btween puner)
loss and rPupply of woter Depression of targescenco reaches s normal npaximem
whilst abeenco of solar stimolation and continued tranemmtion are atung coir cadently
to give nse to loss of flmd from thoe tisues, and, wlen onc of the factors ceams
to act, & nw n furgescence naturally follows, and in certam casen mav cven go
x0 far s nlmost to re-cetablsh tho diomal condiion under normal crrcumstanecs
Duning the day wo have to deal with two oppomng fnctors inereased pro oflasnuc
stimulation on tho one land, and increased trnsprmtory loes on tle otler At
sanwet  we lave two factors, d d protop! \f and 1
croporitin, aching consentanconsly to dinuned targescence  After tle dew pout {as
Ieen reached, there 1s o continned niwence of solar squmulation, but this 15 no I nxr
asocinted with tranepimatory losy, and, the rort-rmpphy ecntinmung oy befoer, tho o0 1 aap
1 left nt hiberty ty satsfy eny omuotic aypacitica wlich at continers to lave apart
from the addition of specaal Aeumlatyry products to st Ty the proteplaem anlr the
afluence of solsr sumalaton  The aleence af solar stunplation doct not cice & o
ltte cexaation of proteplasmic setnty or a total 1w of osmintic property 30 the orll map,
as d-ath of the tiwue docs 3 thee c1ses i which tle aemotic property a0 depenleet
on umtable rompounds, at enly pves nm o depreomon an them Abwezon of stan
stimulits n docs not gve nise to an abohtion of funch nal activity, 0 perely 4= %o
watl Trawnl of one specaal stimales to sts exerae Fyen i tle o fal alaeaee ef o'ar
stimulatim, theref re, 8 great degreo of tergrecnee perasts enler pomal wlat o ef
generl sapply aml Toct of flard, and, where supply oo=tinger azd b s erveered, the
tareacence tay Rearly attain the dezmee which ut reerally 130 when the te-s
ore esposed o comeden® solsr #timalatien and pormal trans omt ey bty and sy ezomnd
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that co-oxisting with the fullest solar stimulation and oxcessive transpiratory loss. A
nyctitropic leaf at any time of night is normally in o very different condition from one
which has been immersed in boiling water or exposed to the continued action of
the vapour of chloroform. JMaximum turgescence is only attained where full solar
stimulation co-exists with free supply and abolished loss of water; but all degrees of
turgescence short of this are constantly present in all ordinary tissues in relution to
the varying conditions of protoplasmic activity and genecral logs and supply of water
present in them under different circumstances, A greater degree of turgescence will
naturally tend to be present whero depression of functional activity coincides with
an absence of tramspiratory loss than where the Iatter iy still actively going on, and
honce we find the maximum departure from the diurnal state taking place at and
shortly after sunset. With tho arrest of transpiratory loss the osmotic capacities of
the coll-sap arc able fully to ratisfy themsclves. Theso, although not o great as
they arc under tho influence of solar stimulation, are yet wufficient to cause the tur-
gescenco of the tissue to attain a higher degree than it attains under the fullest solar
stimulation where the latter co-exists with excessive transpiratory loss and insufficient
root-supply. In the study of movements dependent on alterations in turgescence,
whatover their nature be, it must always be borne in mind that we are dealing with
phenomena arising not as the result of the naction of a single ultimate factor, but of
the action ot various factors which may be associated with one another in very different
combinations. TFluctuations in turgescence are capable of arising not only as the result
of fluctuntions in osmotic property of the cell-sap, but also in consequence of fluctuations
in the relations between ygeneral supply and loss of water, or in the conditions of
pressure, and therefore of filtrative loss to which the tissues are exposed.

All nyetitropic movements are in their origin essentinlly similar to the move-
ments determining the opening and closure of the stomatic orifices. They are due to
the presence of masses of tissue differing from one another in structural and functional
property and so related to one another that they tend to give rise to displacements in
opposite directions. Their structural and functional differences give rise to the oceur-
rence of unlike fluctuations in their turgescence under the influence of like conditions,
and therefore under the influence of varying conditions we find their relative strengths
varying, and movement taking placo in ome or other direction accordingly. In the
case of the stomatic movements, the motor apparatus—the guard-cells and the common
epidermal cells—are in immediate relation to one another; but, in cases where move-
ments of entire leaves or of large parts of leaves occur, the motor agents aro generally
so disposed as to tell on opposite aspucts of masses of passive tissue whoso displacement
they make for. In the case of frecly motile pulvini, for example, we find the motor
apparatus consisting of thick masses of cortical parenchyma, around a cord of passive
tissue consisting of modified wood and pith, or of the former alome. The precise  dis-
position of the pads of cortical parenchyma in relation to the passive tissue on which
they act varies in different cases; but we can always recognise them as consisting of
two opposed sets, differing from one another in structural and functional properties
and making for displacement of the passive tissue in opposite directions. In certain
cases the relation of the opposing tissues, however, more closely resembles that which
we find present in the case of the guard-cells and ordinary epidermal cells. The
movements in the opposite halves of the laminz of the pinne of many nyctitropic
leaves at a certain stage of their evolution are effected under the influence of structural
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arrangements of this type At a very early stage of dovelopment the two halves of
the lamma have thewr upper surfaces closely apphed to one another, whilst 1 the mature
lamma they are peimsnently expanded m the same plane, but an intermediate stage
exists during which pertodic dwurnal and nocturnal movements of alternate expansion
aud approximation of the oppoute halves take place Here there 1s no appearance of
opposing masses of active tissue tellng on an mtermediate pasave one, but the oppos
mg tissues which determine movement are m direct rolation to one another It 15 the
growth of pwenchyma over the lme of the mdnb which ultimately gives rise to permn
nent expancon of the lamma by foremg out the divergent woody bundles of the
vems from ther omgmal direction, nud which m the mtermedinte stage gives mse to
penodic nyctitropic movements of the two halves m relation to vamations in the degree
of turgescence 1 the growmng tissue under the mfluence of sunlight and darkness
All that 13 mecessary i order to the ovewrrence of nychitropie movements 15 the
I of opp tissue el or masses of tissue, differing from onme another m
strueture and function, and dergomg unhke ns 1 t under the
mfluence of partrcular conditions.

1he dufferences distinguishing the masses of tissue which make respectively for the
dmrnal and nocturnal position of entire leaves or large parts of leaves are of the same
nature 83 those wlich we have alrcady seen to distmgmsh the guard cells and tle
common epdermal elements The tissues making for the dwmal powution ae relq
tively late in development and rich in protoplasm, and specially m chlorophyll, as com
pared with those which make for the nocturnal postion But relative youth and
abundance of protoplasm & priors amply relative structural weakness and functional
strength, and the presence of chlorophyll imphes a special assmilatory exereise of the
latter under the stimulant influence of sunhght Under the latter a greater mee
turgescence will thus take placo mn the masses of tissue which make for the dmrnal
position than 1n those making for the nocturnal one During exposure to sunlight
there 13 o general rse 1n turgescence, but this 1s not umformly distributed, but takes
place to a greater extent m ome of the opposing masses of tissue than m the other
and the former thus becommg tcmporanly the stronger 1s able to dewermme displace
ment of the parts to which 1t18 opposed Pasuive structural strength must, of course,
-emam unaffccted by exposwe to light or dmkness, but the strength ansmg from
functional sources 1s not constantly alike, but fuctuntes with the degree of turgescence
present at any given time Any tissue i which an excess of turgescence arses m
connection with exposure to certan conditions must become relatively stronger than a
tissue 1 which there 13 not an equal mse, the difference 1w strength being directly
related to the difference m degree of Under the 1nfl of solar stimu
lation we have greater assmilatory activity i the tissues makmg for the diminal tlan
for the nocturnal posttion But turgescence bemng directly related to assumilatory
actinty, this mphes a corresponding excess n strength and a proportionate rse m
capacity for ressting the pressure of opposing tssues, and consequently displacement of
the latter occurs

Apart from solar stimulation and general transpiratory loss, the postion of the
various parts of nyctitropic leaves will be determmed by the relative strnctural
strength and permanent functional sctiity of the opposed tissues i the motor
appwatus  On the mecidence of sunshine, structural strength remams unchanged, but
an excess of functional strength—an excess of turgescence—arising 1o one of the opposed
tissues, di placement must oceur mn dieet proportion to the escess  The amount of
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displacement which actuslly occurs will, however, be affected Ly the condit‘ions .of
general loss and supply of fluid; for the very tissues which provide for special rise
of turgescence from functional causes are also those which present the greater struc-
tural facilities for transpiratory loss. In young tissues we have a relative excess of
protoplasm providing for the presence of osmotic products in the cell-sap; but at the
same fime the facilities for loss of fluid in consequence of pressure or evaporation are
greater than they are in older tissues in which the formed materials—the cell-walls—
are more matured. Hence the fullest solar stimulation will be incapable of giving
rise to the full assumption of the diurnal position, unless it be associated with certain
conditions of gemeral supply and loss of water. During the day, the precise position
assumed by nyetitropic leaves will be determined partly by degree of solar stimulation,
and partly Dy conditions of root-supply and evaporative loss. At sunset we have,
the removal of solar stimulation, but, under ordinaty -circumstances, no immediate
cessation of transpiratory loss; and hence the position assumed by the leaves is not
the neutral one determined by persistent protoplasmic activity apart from tramspiratory
loss; but passes beyond this, so as to reach a nocturnal maximum determined by the
fact that the tissues in which the fall of funectional activity is greatest are also those
allowing most readily of transpiratory loss. Subsequently, as transpiratory loss dimi-
nishes and gradually disappears, the tissues will naturally acquire the degree of turges-
cence corresponding to the osmotic capacities of the cell-sap apart from the addition
of assimilatory products under the influence of solar stimulation, and the tissues which
make for the diurnal position will become relalively stronger than they were when
subject to transpiratory loss. There will necessarily be a general rise in turgescence,
but the rise will be greater in those masses of tissue which are most affected by
transpiratory loss, and hence a reversion towards the diurmal position' takes place. The
fully developed diurnal position is not, however, attained until solar stimulation comes
in to induce an cxcess of osmotic property in the cell-sap of the masses of tissue of
oreatest functional strongth. .

The actual amount of displacoment oceurring in individual cases is further affected
by the amangement of the opposing masses of tissue in the motor organs. In some
cases, we find the masses making for the diurnal position so situated that they-are
aided by the action of the leverage of other parts of the leaf; in others, we find that, -
in addition to overcoming the action of their opponents, they have to oppose that of
the leverage; aud it is clear that, other things being alike, & greater displacement will
be effected by the same rise in turgescence in the first instance than in the second.
In endeavouring to account for the movements occurring in any individual case, there-
fore, the precise arrangement of 1the opposed masses of tissue in the motor organs
must bo considered not merely locally, but in relation to other parts of the leaf.

CHAPTER VIL
The stenctural peculiavities of the motor Ovgans of Apctitropic
Heaves,

In considering the question of the movements of stomata,
clements which meke for the diurnal position—the guard-cell
ing cpidermal clements in certain features; we have now

it was pointod out that the
s—differ from the surround.-
to endeavour to determine how
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far differences of a hke nature can be recogmzed m the case of nyehitropie tim
generally In the case of the guard cells, 1t was easy to show that we were desling w
elements characternized by ther relative youth, functional strength, snd structural weakn
m cortamn directions, 1t noW remams to ascertam how far sumlar distinctive features :
present 1 the masses of tissue which make for the diurnal postion in other examples
nyctitropism

That the masses of trsue whr h make for the dirnal position of nyctitiopie leas
are younger than thoso making for the mocturnal ine, 1s very clearly indicated 1 m
cases by the fact that i tne mssumption of the nocturnal posthon there 1s a mamf
tendency to reversion to one which was g permanent poahon at o very early stage
development of the leaf, or the diwnal one during an carhier portion of the period dun
which movements occur In the leaves of most spe 1es of Baukms 1mmedistely befe
movements begin to ocour, tho lamune are depressed at angles of vamous degries frt
the line of the petiole and hase their two holves fo'ded wp, so that thew upper surfac
are 1n close contact with one another When nychitropic phenomena be_in to appear, t
lamine mee and unfold dumug the day and smk and fold wp at sandown (Plate
Fig 6) In Casse elata the pmue just before they beecome motile, are folded 1t
Bauhima leaves and have therr midnbs closely applied to the mdes of the raclus a
directed upwards and forwards at an acute angle to 1 When movements sot m th
consust of diomal separation of the upper surfaces of the two halves of the lammm a
divergence and depression of the mdribs, and of nocturnsl folding of the laminz o
convergence and efevat on of the midnbs In Cassie sumatrans the pmnce, mmediate
Liefore they begin to show periodic movements, are disposed as m the pevious speei
ave that therr mdnbs, m place of bemg elevated, are deeply dep essed beneath the pla
of the raclis, and here we have dwrnal unfolding of the lammnwe accompamed !
olevation and dneigence of the midnbs, and nocturnal folding comerding with conve
gence and depresson  In the leaves of Puth colobmum saman, which are ulumate
charaeterized by the great development and peisistence of ther nyetitropic moscuent
the permanent poution of the varous parts at u very early stage of development i3
follows lte lower yart of the prmary rachis 1s directed at a very acate angle to ti
aus and the distal part 33 at fust somewhat curved mwards (wde Plate I, Fig 13), an
subsequently, s the weight of the secondars rachics snd pinnules inereases, abrupt)
curved outwards  [he secondary rachies aie closely appress*d to the pnmary one ar
are dnocted vbliguely upwards ond tle pinnules are tully expanded and are related 1
the secondary rachisas aa the latter me to the prunary one Somewhat later, as the woo
strengthens the primary raclus strmightens out, shll retammg an acnte angle to the ax
‘The sccondary rachises at tho same fine sk and are ultimately depressed bemeath th
plane of the primary ove, wiilst the pmnules retun their omgmal srrangement Whe
nychitropic movements et m, they are not complicated by any folding and unfoldng ¢
the pinnules, ns these are from the out.et fully expanded, and the dirnal position
characterized sinply by dnergence of the pamary raclus from the axs, diergence an
elevation of the sccondary rachises and depressicn of the pimnules, so that ther surface
come to look upwaids and downwards in place of mwards and ontwards., Tlo enty
sertes of pinmules on any sccondary rachus here ns 1u the case of many other bipmnat
leaves, both wn thew omginal anangement and 11 their movements, elearly corresponds ¢
the famna of one pinng m a pumate leaf such as that of a Cassia, whilst 1 other case
we find them each onginally folded nnd exlal oy ements ding to those o
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individual pinne. At sunset we find the primary rachis becoming extremely converged
to the axis, sometimes indeed so much so that the upper portion actually crosses the line
of the latter, the secondary rachises converging and sinking and the pinnules once more
rising so as to bring their upper swfaces into close contact, and their midribs to
assume a line directed upwards and somewhat forwards from the plane of the secondary
rachis to which they are attached. Here every part of the leaf from ‘the primary
rachises to the pinnules moves, and in doing so, diurnally departs from, and nocturnally
reverts to, what was the permanent position at an earlier stage of evolution.

In the case of Mimosa pudica, as in that of Pithecolobmm saman, extensive periodic
movements take place in all parts of the leaves. Immediately before they begin to occur,
the permanent position is as follows:—The primary petiole is widely divergent from the
axis, the secondary petioles are closely converged to one another, and either follow the
line of the primary one, or ascend slightly from it, whilst the pinnules are, as they have
been from the outset, fully expanded, and have their midribs closely conveyed to the line
of the secondary rachises and directed upwards and forwards, so that the upper surfaces
of the laminze of the opposite members of the series are in immediate contact. When
movements are established, they consist of diurnal convergence of the primary petiole
towards the line of the axis, diwrnal divergence of the secondary rachises from one
another, and diurral divergence, *depression, and a certain amount of rotation of the
pinnules, so that their midribs come to be more or less in the same plane with, and at
right angles to, the secondary rachises, and their superior and inferior surfaces to look
directly upwards and downwards, alternating with nocturnal divergence of the primary
petiole from the axis, nocturnal convergence of the sccondary rachises to one another; and
nocturnal reversion of the pinnules to their embryonic position. The movements in
Mimosa pudica.and Pithecolobium saman are thus essentially ‘similar in their nature, in that
in every part of the leaves they involve a diwmal departure from, and a nocturnal
reversion to, a previously permanent position. They differ, however, in detail, because in
the onc case the latter implies divergence and in the other convergence of the primary
petiole in, relation to the axis. This in no way affects the question of the nocturnal
position being one of reversion, but the difference is at the same time important, because
it implies a great difference in the stability of the diurnal position in the two cases. 'I'he
diurnal position is in any case an unstable one, depending as it does on a temporary
vietory of functional over passive structural vesistance; and it is evident that in an
instance like Mimose pudica, in which the diurnal position of the primary pulvinus implies
that the mass of tissue making for it must overcome not merely the resistance offered by
the opposing pa]ﬂ: of the pulvinus, but also that of the leverage of the distal parts of the
Jeaf, the instability must be greater than where leverage and special rise i roidity
to functional causes, co-operate in determining the posi?ion. Inp Pit/zec:/;:bz;;zhﬁildllrggsdzi
pulvinar tissue in which functional activity preponderates lies above the flexible fibro-
vascular axis of the main pulvinus, whilst in Mimosa pudica it lies below it. The diurnal
excess in turgescence in the onc case makes for divergence and in the other
convergence of the petiole. But the weight of the distal parts of the leaves is constantly
making for divergence, and especially so during the day, owing to the increase in
turgescence and +weight which takes place under the influence of solar stimulation of
functional activity. In Pithecolobium, therefore, the diurnal relative increase

of the functionally stronger pulvinar tissue, and the increased leyv.
of the leaf coincide in making for

for

in strength
0 erage of the distal parts
divergence of the petiole, whilst in AMimosa pudica
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the pulvinar tissue makes for convergence and the distal parts of the leaf for divergence
Under these crcumstances, 1t need not surprise us to find conspicuous changes m the
position of the leaves of Mwnoss taking place under tho influence of factors affectng
pulvinar ¢ which are ble of producing any app ble results m the case
of the leaves of Puthocolvbrum

In some cases, as m the pmuules of Puthecolsbwrs saman and Levcana glavea, the
movements during & great part of the life of the leaf effect a complete nocturnal restora
tion of what was a permanent posion 2t an early stage of evolution, and when they
cease to do so, d a simple plet , but m other cases, s time goes
on, the development and mcreased strength of cerfin masses of tissue introduce complica
tions, and we no longer find mmple cowplete or mcomplete restoration taking place In
the pmmules of Pithecolobum and Leucens glawca we are dealng with lapune which
from the ontset are fully unfolded, and the movements which they exhibit are sumply due
to the subsequent development of a mass of parenchyma over the msertion and base of
the mudnb, which, when its turgescence rises undcr the influence of solar stmmlation,
13 nble to determine the divergence and depression of the lamna  But in cases, such as
the pune of Cassie alale where the lamna 1 prumanly folded and shortly afterwards
b per ly expanded, the cb of the become 1 1 when
the latter condition has been established, factors which previously determined expansion m
folding of the lamma now commg to determnne movements of rotation m 1 This
modihieation of movement may be more sitisfactorily dealt with m consudermg the
particular pk presenting th Ives 1 individual leaves, and 15 mercly alluded
to0 here m order to mdicate that we may not 1n all cases be able at once to recogmre that
the nocturnal poution corresponds to a reversion fo an ongmally permanent position  In
all cases 1t corresponds to a tendency to such reversion, but the degres and smmplety
with which the process 1s carried out 18 often greatly affected by structural modifications
which have been established subsequently to the period at wiuch the pumary permanent
posttion. was first departed from

I'he fact that tne masses of tissue making for the diurnal position of the vamous
parts of nyctitropie leaves, agree with the correspond 1 d g the diurnal
condition of the storaata in bemg relatively young, 1s thus imdicated by the characters of
the movements which they give mse to, but we are fortunately not obliged to remam
satisfied with evidence of this nature, as i many imstances we find most conspicuous
structural mdices of the same fact TFagures a to g, Plate I, Fig 14, show the appear
ances presented by the prmary pulvim of seven successive leaves on a shoot of Pathecolo
bium saman, sud 1 passing from 1, which s the youngest, to 7, which 1s the most
mature member of the seics, the excessive development of the mass of tissue on tho
upper aspect of the pulvinus during tke later stages of evolution comes out most
distmetly The evidence afforded by sections through the thickness of pulvim of different
ages 15 oqually convineing, for these show that at first the development of the supenor
pulvinar pad lags behind, and at a later stage overtakes that of the imfertor one
(Phate I, bag 15, Plate 1V Tigs 1, 2) So, m the case of the terhery pulvum, the
superior pad 19 at first very incouspicuous, but ultimately appears #a a prominent
mass of viid green tissue In cases where, = m the prmary pulvim of Cassia alate,
the fibro vascular hssue does not assumo the form of » simple unhigmfied central cord,
but 1emuns ananged m a nog ond undergoes mormal processes of limfication,
conspicuous rericdic movements do not mamfest themselves, and the contmued growth
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of the upper or axillary pad during the later stages of the evolution of the leaf merely
sorves to aid the increasing leverage of distal parts in determining a gradual and pro-
gressive increase in divergence from the line of the axis. In such cases the arrangement
and character of the vascular bundles of the pulvinus are such that mere fluctuations in
turgidity arve unable to give 1ise to corresponding displacements of the petiole, and it is
only as the result of continued growth that the degree of divergence is determined.
There is thus both dynamical and structural evidence that the masses of tissue in
the motor organs which make for the diurnal position are younger, or confain a larger
number of young elements, than those which make for the nocturnal one; and this in
itself almost necessarily implies that, as a whole, they are structurally weaker and
functionally stronger than the latter are. Taking any ordinary unit of vegetable tissue,
there can be no doubt that, as a rule, the proportion of active protoplasm in it tends
to diminish, and that of formed material to increase, with increased age. The formed
material may take the shape of secretions of various kinds, or may enter into the con-
stitution of the cell-wall. In any case there is a tendency to diminution in the relative
amount of protoplasm, and, in cases where continued additions are made to the cell-wall,
these imply increased structural strength, and hence, speaking generally, the larger the
number of young elements in any tissue, the greater will its functional power be; and
the larger the number of old elements, the greater its structural power. It follows from
this that in pulvini in which we have to deal with opposing masses of tissue differing
from one another in regard to the period during which active growth continues, we are
necessarily dealing with an opposition of functional and structural strength, the less
mature tissue being functionally, and the more mature structurally the ‘stronger. But
the effcet produced by exposure to stimulation must be proportionate to the amount of
material to be stimulated; and hence, under exposure to any conditions implying protoplas-
mic stimulation, the functionally stronger tissue will undergo a greater increase in
activity than the structurally stronger ome, and where the increased activity leads to
increased turgescence, as that induced by solar stimulation unequivocally does, it will
}mdergo . cortesponding increase in relative strength. Under solar stimulation a general
increase in turfgesence takes place, but this is mot equally distributed ; and, the increase
being greatm: in the structurally weaker tissue, this fact gives it a temporary advantage
an_d enables it "r(.) overcome the resistance in the structurally stronger ome, which deter-
mines the. pesition apart from solar stimulation. The cord-like arrangement of the fibro-
vascula? tissue, and the absence of lignification in typical pulvini, provide facilities for
{he action of 'ch.e oPposed masses of parenchyma on one another, and periodic movements
f:on-sequen'dy arise in connection with fluctuations in turgescence coinciding with the
incidence or removal of solar stimulation.*
. The masses of tissne which make for the diurnal position are not merely richer
in protoplasm, and, therefore, endowed with greater general functional activity than

* Sachs (Vorlesung xxxvi, s.776) accepts Millardet’s and Pleffer’s statements that the pulvini do not lose but gain in
turgescence under the influence of darkness, because their rigidity is increased then. But mere increased rigidit eveng ifitb
actually present, is no conclusive evidence of increased turgescence, as it may merely indicate that the tissuegshaz; assed iutz
a conditon of more stable passive equilibrium than they possess under the influence of light, and the fact that an :ll’ssumption

of the nocturnal position follows defective supply or excessive loss of water seems conclusively to show that it is

connected with decreased turgescence in the motor organs. 1In the case of the stomata in which the condition of

the motor apparatus can be made the subjest of direct observation, and in which the movements occur under

precieely the same conditions as they do in ayctitropic leaves, we d i
N o not find darkness givi i i
, to decreased turgescence in the active elements. giving vise to dncrossed but
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thor opponents, but are alo as a mile specally ncher 1 chlorophyll, and therefors
specully subject to the mfluenco of solar stimulation as o source of mercased tmgescence
dependent on the manufacture of asamilatory products s i many cases, as 1n those
of tho punal pulvim of Cuesia aluta, and m the secondury and terhary pulvim of Pule
colobuem saman, 15 cvident to the most cursory mspection owmy to suprafienl differences
m colour, and 1 all 1t ean bo readily ascortmmed by means of mucroscopie sections,
espeaally 1f these have been momentanly mmmersed m o 2 per cent solutton of osmic
acid so ns to fix the colourmg matter m the chromatophores (Plate I, Figure 19,
Plate 1I, I'yes 3, 5—8, Plate IV, Figs, 3, 5—9)

The dwrnally dommant tissues wm the pulvim of nyctitrope leaves are then
distingurched  from the noctarnally dominant ones by preasely the sime featwmes
which distingmsh tho guard cells of the stomatic onfices from the common epdermal
elements

‘1ley aro distingmshed by thewr youth, or by the large proportion of relatively
young elements which they contumn, by thewr relative structural weakness, and by their
relative functional strength, especially m relation to solar stunulation, and the move
ments which they give nse to aro of ceeentully smilar ongm to those caused by
the guard colls  Just as tho guard cells are able to effect a displacement of the
surroundmg  tissuo when etposed to sunhight becanse of thewr temporary excess i
turgescence, 80 are the masses of tisue in the pulvim which make for the diurnal
poation able to effect displacement of thewr opponents under sumlar ecicumstances
‘Lhe condition of the stomatic onfices 13 regulated mot merely by fluctuations i the
degree of solar stimulition to wlnch the tiwues are exposed, but also by the comedent
conditions of voot supply and transpuatory lows of water, and the same holds good m
regard to the poation of nyetitropte leaves  Vhere transpiratory loss 13 m  excess,
and yet falls short of tho degree necessary to cause general wilting of the tissues,
we find buth stomatic onufices and nyctitropie leaves assumung the nocturnal positron,
and m both cases o resumption of the dwrnal one follows a xestoration of the
normal  relation bctwcon genersl loss and supply of flud, whether this be attamed
by means of d d tn or d 100t supply The excess of
functional activity m the guard colls, and the masses of pulvinar tissue making for the
dwrnal portion, provides that they shall undergo & greater imeremse n turgescence
under solar | than their opp do, and tlus mmphes a temporary mcresse
1 the resistanco wluch they present to them, but at the rame time the excess of
stractural strength m the common epidermil o'oments and the pulvinar tissues making
for the noctursl postion gives them 2 relative protcction from the action of conditions
implyng an excess of tranwuratory loss over root supply of water  The result of
this naturally 1s that, where this excess nses high enough, a resumption of the
nocturnal postion oceurs m spite of tho contrmued stimulation of the more active fissues,
because these are no longer able fully to satisfy thewr osmotrc capacities  Where
conditions of genersl supply and loss of fimd hold & normal relation to one another, the
diwzrnal position 18 secured by the greater osmotic capacity of the more active tissues,
but as these are also structurally weaker ones, they are the fiist to suffer from loss
of turg d with supply

8 are lly dist: hed by ther and t

of cheracter  Once estabhshcd thcy continue to oceur with constancy and regul:mcy
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so long as the tissues retain their vitality, but this is by no means the rule with
other nyetitropic movement. In certain cases we do find the latter retaining a
uniform character throughout, but in most cases they undergo considerable modi-
fication in regard to their precise nature, and especially in regard fo their extent
as time goes on, and in many cases we find them almost or en’urely absent
during considerable periods in the latter part of the life of the leaves in which
they once were conspicuously present. As we have already seen, they only begin to
manifest themselves after the evolution of the leaves has reached a certain point, and
subsequently we find them, as a rule, rapidly increasing in amount, attaining a maximum,
and then declining from this to a greater or less extent. The various parts of the leaf
are primarily in a condition of stable equilibrium; this is succeeded by one of unstable
equilibrium which gradually attains a maximum and then declines from this towards,
or absolutely to, remewed stability. The position of the various parts of any leaf
is necessaily determined by the structural peculiarities and degree of turgescence which
they possess. Structural peculiarities are necessarily liable to modification with increasing
age, but at any particular time they may be regarded as fixed factors. This is not,
liowever, the case in regard to conditions of turgescence which are liable to undergo
constant fluctuations in connection with variations in protoplasmic stimulation and acti-
vity, and fluctuations in the relations between root-supply and transpiratory loss. Where
all the tissues are subject to like fluctuations in turgescence, mere alterations in their
consistence culminating in one direction in free excretion of water, and in the other
in general wilting will occur, but no definite movements will present themselves. It
is only when special masses of tissue, differing from one another in their capacity for,
and liability to, fluctuation in turgescence are present that orderly, definite movements
will oceur, and then only in association with certain structural peculiarities. Nyectitropic
movements, therefore, only present themselves after leaves have aftained a certain
stage of development, and in connection with the evolution of specially situated masses
of tissue, so disposed as to provide an active opposition between structural and functional
factors, and it is only so long and so far as the differences in structural and funetional
properties of these masses persist that movements will occur. The relative youth of the
masses of tissye making for the diurnal position at first provides that the difference
shall be very. considerable, and movements are accordingly very conspicuous for a time,
but as in most cases, at all events, this difference naturally tends to diminigh with
the increase in structural strength and expenditure of active protoplasm of the younger
tissues, a condition of stable equilibrium is once more approached or. actually attained
with a corresponding diminution or abolition of movement.

Great differences occur’ in regard to the rate at which the movements, whether
of a normal periodic character or arising as the result of extrinsic .agencies affect-
ing filtration or water-supply, are carried out in different leaves, the rate bearing no
definite relation to the magnitude of movement, but being related to structural features
affecting the redistribution of fluid throughout the tissues The movements are
primarily due to fluctuations in the osmotic properties of the cell-sap, to fluctuations
in esternal pressure, or to fluctuations -in water-supply, giving rise to corresponding
alterations in the degrec of turgescence of the various parts of the motor organs; but
the rate at which these alterations can be effected must necessarily be mﬂuenced by
the structural features of the walls of the cells entering into the constitution of the
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tissues as favounng or obstructng tho access or escape of flud Taling any Inghly
turgd cell, in which a great fall 1w the osmotic capacity of the coll sap suts m, a
proportionate 10ss 1 turg scrnes must ultimately ensue owing t) the filtrative discharge
causcd by the claste recoll of the cell walls, but the rate at which the discharge 19
conducted must be vegulated by the facifities which tho latter prowvides for filtration,
ond by the degreo to wlich ready d for the P flmd 18 present
Tiis being so, the rate at wiich movements otenr ought to bear a recogmisable relation
to the degreo of mitting of the ccll wails and to the openness of the pulvinar parenchyma ,
and direct evidence that this is actually the case 18 not wanting The movements which
are excented by tho pmnw of Castia alafa are certmnly, m so fur as magmtade 13
concerned, fmrly comparable with those occurring m any part of the lenves of Mumosa
pudea, but the rate ot which they sro conducted 1 the two eases 13 very different,
the movements 1m the former bemg very slowly carmel out ns compared with those
m the latter Comading with thus difference 1in rate of movement wo find very
conspicuous differcnces in the structural details of the pulvini, the pulvinar tisue m
Cusua alats beng throughout dene ond composid of cells wlich are provided with
only o himted number of emall puts, whiist m Munosa pudics the deeper strata of the
tisue are not only very open i texture, but are conposed of clemonts charactericed
by sn abundance of huge pits  (Plate VI, Fags 3, 4, 12

The facities for filtration must evidently bear a direct relation to tho extent to which
the cell walls are pitted, and where extensive pitting 13 combimed with very considerable
thickness and strength of the cell nalls elsewhere, as 3t 13 m the primory pulvim of
Mimosa pudica, filtratice faclities noturslly attam A maximum (Plate VI, Figs 3, 4,
12, Plate VII, }ag 5) In the cnse of the movements occurnng m the leaves of
Leucana glauea and Cassiz sumalrana, we also find very cloar evidences of a corre
epondence between rate of movement and textural facilities for filtration The move
meuts 1 Leweeena glavca are relatively rapid, those m Cassia sumalrana comparatively
slow, and conciding with this we find the pulvinar parenchyma much more conspt
cously putted n the former than in the lattor case (Plate VII, Figs 2, 4)

It 13 clear that twmigescence must be mamtaaved with greater difficulty where
filtrative faciliies are gieat than wheie they are small, and consequently that the
stability of sny postion mamtamned as the result of the active turgescence of a mass
of tusue must vary nversely with the filtrative faclities which the latter provides  Lhus
being 80, we have reasons to conclude that, where filtrative facilities ave great, we ought

to find p t under the nfl of d which are
mneapable of inducing such results where filtrative faahities are relatively small It
need not, therefore, surpmse us to find P g 1n the leaves

of Leucana glauca, and even more in those of Mimosa pudica nnder conditions 1 wluch
no appreciable movements oceur m those of Cassie alale and other mmiar leaves A
mngle rough breath of wind will, under favourable circumstances cause a certan amount
of alteration i the relutive postion of the vamous parts 1n the leaves of Leucana
glauca and very extensive slteiations 1w those of Mimoss pudea, but the agation
necessary to secure perceptxble dlsplncemcmt m the leaves of Cassta alata or Cussit

# must be freq p The i to which the leaves are
primanly subject by the wmd may be the same, and may m all cases give nse to hike
merease 1 the external pressute to which the turgid pulvinar ftissues are exposed , but
the amount of fluxd actnally discharged from the cell eavitres under 1ita wnfluence wmust
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vary with the structural facilities provided for filtration. The pulvinar tissues in Leucena
glawea, and espeeially in Mimosa pudica, provide great facilities for filtration ; their pulvinar
turgescence is consequently very unstable, and movements are very readily induced in
them; whilst in Cassiz alufa the tissues provide minor facilities, and must be subjected
to frequently recurring increments of external prossure before a sufficient filirative
displacement has oceurred to cause alterations in turgescence of sufficient magnitude to
lesd to appreciable alterations in the relative positions of the various parts of the
leaves.®

Parallel phenomena present themselves in cases where the tissues, in place of being
exposed to conditions tending to give rise to inercased filtration, have their normal water-
supply interfered with. If a shoot of Leucana gluuca or Mimosy pudica be gently
dotached from the axis with a careful avoidance of all agitation likely to induce
increased pulvinar pressure and corsequent augmented filirative loss, the precaution does
not under normal circumstances prevent the leaves from manifesting movements, very
rapidly in the former and almost immediately in the latter case; whercas in Cassie alafa
movemonts make their appearance only very gradually, and after the lapse of a consider-
able interval. In all cases the deprivation of water-supply under such eivcumstances is
alike, but the rate of movement subsequent to its incidence varies according to the activity
with which filirative processes are normally carried on by the pulvinar tissues. Thde
filtration which is constantly going on in the pulvinar tissues of ZLewcana glauca and
Mimosa pudica under mormal ecircumstances is more rapid than in those of Cassiz alala;
and consequenily when the water-supply is cut off the turgescence of the tissues in
the former cases falls more rapidly than it does in the latter one.,

The degree of turgescence in sny mass of tissue at a given time must necessarily
depend on its osmotic capncity and on the supply and filtrative loss of fluid to which
it is subjected. The condition is one of unstable equilibrium, and the degree of insta-
bility must necessarily be related to the degree to which inherent filtrative facilities are
present. Where these are present in high degree, any diminution in osmotic power,
any increase in conditions of external pressure, or any arrest in the supply of fluid
available for absorption, will give rise to proportionately rapid loss in t.urgescencc.
Where, on the other hand, they are low, the loss must necessarily be correspondingly
delayed. ‘Turgescence implies a balance between certain conditions of osmotic gain and
filtrative loss of fluid, and any decrease in the former or increase in the latter must
necessarily tend to give rise to diminished turgescence. Decreased absorption may arise
either as the vesult of decreased osmotic property or of decrease in the amount of fluid
available for absorption, and increased filtration must tend to arise under the influence of
any augmentation of external pressure. The structural facilities for filtration, however
remain constant, and consequently the alterations in turgescence which actuall ’take la :3
under the influence of any alterations in the conditions to which a massyof tissge cis
exposed must necessarily differ in different instances, their magnitude and the rate at

which they are capable of inducing appreciable movements varyi 3
e e . ng with %
peculiavities of the affected tissue. yng he structural

. ; - .
oot su.:]:c.ordmg ;ol Sachs (Vo;les;:ngen XV, =. 302) more agitation not improbably raises transpiratory Joss from the Jeaves ;
increased loss cannot be the essential determinant of the alterations in tur ,
a f the motor organs alluded
ahove, as we find the assamption of the nocturnal positi i ', E one i i b hoaee
' position oceurring equally readil ind § ic
rainfoll, or as the result of agitation by the latter aloye. B cauelly rendily whero tho wind is accomparicd by heary

* ’
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CHAPTER VIIT

The npchitropic movements of pacticular leabes m relagion fo the
stencture and mrangement of the tissues m then fotor organs
The mobements of the Leabes of Cassw alita and
Eassa Sumatiana

In the course of the preceding chapter, an attempt has been made to show that the
occurcence of nyctitropic movements generally 13 d dent on the p of opposmg
masses of tissue mtuated m the motor organs and differing from one another
functional and structural strength If this be actually the case, 1t ought to be possible
to show that some defimte relation exists between the speewsl movements exhibited by
the leaves of particular plonts and certmn pecuharities of structural detail and arrange
ment 1 the twssues of their motor organs In attempting to do thus, the best course
appears to be to take a certan number of mdividusl leaves and consider the peculiarities
of their movements and the structure of thewr motor organs m detaxl

‘The leaves of Casuia alate afford specully favourable opportumties for study, because
of thewr large size and the hghly developed and pheated movements which they
exhibit  Fully developed leaves m this species have from nme to twelve pairs of
practically sesstle punnz, the lowest pair being of relatively small size and mserted close to
the base of the leaf and ata conmderable distance from the next parr Duning the period
1 the hte of a leaf i which movements are at a matumum, that 1, 1 fully developed
but still comparatively young leaves, the diurnal and nocturnal positions of the pmnz
are as follows —Diurnally therr superior and 1nfenor surfaces 1 ok durectly upwards and
downwards and lie approxmmately 1o the same plane with the upper face of the rachis
therr mudmbs at the same time diverging almost at nght angles to it (Plate 11 Fig 1)
Ie the early part of the mght, on the other hand, the upper and under surfaces of the
laminz look directly inwards and outwards 1o a plane at nght angles to the upper face
of the rachis and the midrbs are closely convergent and ditected downwards at an
acute angle to 1t (Plate LI, Fig 2) It 13 clear that the movements which lead to the
alteration of these positions must consst of alternating convergence and divergence of the
midnbs of the pmpm, combined with excessive rotation m opposte directtons and &
certamn amount of elevation and depression

If we watch the actual progress of the tranwition from the diurnal to the nocturnal
positaon, we find that the first dication of displacement lies in = certun degree
of elevation of the lamina, so that its upper surface slopes upwards from the plane of the
rachis At tho same time the divergence of the midnbs gradually decreases The general
elevation of the lanuma 1s succecded by steadily mereasng elevation of 1ts postemor or
outer half over the level of the antemor or axillary one, which necessamly imphes
corresponding motation of the midnb  Rotation aud convergence now advance sumultane
ously until the upper surface of the lamma has moved through a quadrant and tho
andnb has converged so greatly that the upper surface of the opprung members m each

Anvw Rovy Bor Gamp Citcorra Yo VI
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pair of pinnme are in closc contact with one another and with the lateral surfaces of
the rachis. Up to this time the midiib remains somewhat clevated at an acute angle to
the planc of the rachis, Lut subsequently depression gradually sots in, 80 t}mt' the
posterior and anterior cdges of the lnmina come in ﬂlf} first place tv lic respectively
horizontally superior and inferior, and ultimately to be directed d.mvnwards and f.orwards
at angles of varying degreo of obliquity from the line of the rachis. (Plate II, Fig. 2.)

The motor organs which determine this complicated” series of movements are .highly
developed and present certain peculinrities which greatly facilitate a comprehension of
their action. Both superficially and in section it is at once evident that they are
composed of two distinct masses of tissue, one of which is of a warm ochreous and the
other of a vivid green colour, and that these hold certain definite positions in relation to
the deeply keeled vascular bundle of the pulvinus, and to the under and upper surfaces
of the base of the outer hulf of the lamina. The ochreous tissue lies beneath and to
the outer side of tho vascular bundle and spreads out thence over tho under surface of
the base of the outer half of the lamina so as to involve aund conceal the origins of
the lowest four or five ribs. The green tissue, on the other hand, lies internally and
superior to the vascular bundle and forms an eoxpausion over the base of the upper
surface of the outer half of the laminn. The disposition of the two masses of tissue
is clearly shown in Figure 19 of Dlate I and Figure 3 of Plate 1I, and the laminar
expansion of the ochreous tissue in Figures 4 and 5 of Plate II. We have thus to deal
with two distinet masses of pulvinar tissue: one intero-superior, the other extero-inferior,
in relation to the pulvinar vascular bundle and the base of the outer half of the lamina,
and differing greatly in the amount of their chlorophyll content. Now, it is clear that
any alterations in the relative strengths of masses of tissue so disposed around a central,
flexible axis must tend to give rise to movements of divergence or convergence, combined
with varying degrees of depression or elevation and of rotation in one or other direction,
according as the alteration implies increased strength in one or the other mass (Plate VII,
Fig. 6). Were they merely related to the axial bundle they would give rise only
to divergence or convergence, depression or elevation, and we should have movements
similar to those which we find manifesting themselves in the secondary petioles of many
bipinnate leaves; but the movements are in this case farther complicated by rotation,
because they represent the outcome of forces which in the case of bipinnate leaves are
distributed Dbetween the secondary petioles and the pinnules. The rotation of the axial
bundle is determined by the relations which the opposed masses of pulvinar tissue hold
to the inferior and superior surfaces of the rigidly expanded lamina. The ochreous
infero-external mass is expanded over the base of the inferior surface of the outer half
of the lamina, whilst the green intero-superior one holds a corresponding relation to the
upper surface of the same area, and consequently any increase in strength in the former
mass must tend to elevate, and any increase in strength in the latter mass must tend to
depress, the outer half of the lamina, and therefore to cause corresponding inward or
outward rotation or torsion of the flexible vascular bundle. Were the lamina not rigidly
expanded, we should have had movements of elevation and convergence of the midribs and
folding up of the outer half of the lamina alternating with movements of divergence and
depression of the midrib and expapsion of the lamina ; and as a matter of fact such .
movements do actuaily occur at a particular period in the life of the pinna.  When,
howz?,ver, the lamina becomes rigidly and permanently expanded, the factors which
.'prevmus]y gave rise to movemenis of foldirg and unfolding do not cease to exist, but



I\ THE MOTOR ORGANS OF LEAVES 61

theirr action 13 now expended n produang gemeral rotation of the lammng and
correspondimg torsion of the flexible vascular axis of the pulvinus  Had the pulvinar
pads been disposed 1nferiorly and supenorly, we should have had smple elevation and
depression, hiad they been external and internal smple convergence and divergence, but
beesuse thoy actually are estero mnfenar and ntero superor and related respectively to
the under und upper surfaces of one half of the lamina only, we have rotation taking
place and modifying the choracter of the mevements and the postion wlich thes
ultimately give nse to

From the nature of the dwrnal and nocturnal pentions of the pinnw, 1t 15 clear
that danng the day tho intero sujerior and dunng the might the eatero mferior pulninus
must possess 8 relane excess of strength, end the consprcuous differences 1 colour which
they exiibit renders at easy to comprehend why tlis should Lo the case  Even
the most cursory examination in this caso shows that tho mtero-supenor pad s much
rieher 1n chlorojhyll than 1ts opponent Tlus imphes a proportionafe excess 1w fune
tional actwvity, and therefore of turgescence, under the nfluence of so'ar stimulation
But mercased turgescence imphes snereased strength and rewstance 1 the tisue
which 1t occurs, and copsequently tho mtero superior pad mest necessanly scquire o
relatine merease m power dunng the day which erables 1t tcmporanly to overcome
tle action of 1its opponcnt

Movements of rotation which are so frequently present m Iugh degree m tho case
of tho pinne end pinnules of myctitropic leaves are absent or inconspicnous i the case
of thor pnmary and secondary petioles, because mn them the motor apparatus has no
Lenzontal surfaces lihe those of the laminm to act wpon  Where such surfaces are
present, and the opposed masses of tiesuo are gpeaially related to them, the action of the
factors wlich m the case of the petioles mve nse to mmplo convergenco and diver
gence, elovation and depression s partially expended 1n deternuming vonous degreces
of rotation In the present mstance rotation ndvences so far that the outer hall of
the lamna, and the outer sde of the kool of the midnb come to o directh
upwards, which of courso imphes that the basal laminar expanuon of the extero
wfertor pulvinar pad lies to the upper sido of the base of the mudnb It s now
meapable of gnang nse to any further rotation, and its remamung power 1s cxpend
ed mn pruducmg lateral pressure on the outer, and, for the time being, upper mdo of
the heel of the mdnb snd proportionate depressive flexion m 1t

The nlternaton of the dicrnal and mocturnal posttions 13 not caused by alter
nating dwnal decrease and nocturnal inerease i the absalute strength of the cxtern
inferior mass of pulunar tisue, but by alternmting diurnal mereiso and  nocturnal
decrense m that of the ntero «uperior one  There 13 nothing to show that any nse
m turgescenco of tho mass of tisue making for the mocturnal powtion sttends ranoval
of solar stimulation  On she contrary, we find tho mme pomtion appeanng under the
wfluence of exposure to cxeesane transpstory loes, and in lewves which are detacled
from the axiv, and thercfore subjected to entiro arrest of wutersopply The position
1s thus clearly onc sttending general loss and not any loeahsed nse i turpescena
On the removal of solar stimulaticn, a genaal loes of turgescenee, anl eonsequenthy
«f strength, takes plice thronghout tte whole pulvinus but the lass s greatest in thos
portior s which male for the dimnal poution, beeause they are phvmologieally stronger
and structurally wesker tlan ther oppemunts  Tle resalt of this s that, although the



62 THE CAUSES OF FLUCTUATIONS IN TORGESCENCE

latter become absolutely weaker in the absence ‘of insolation, they af, jfhe same tjlmo
become relatively stronger than they were before, and. the previousl;: existing gqu.ﬂ.lbnum
being proportionately disturbed, movements necessarily occur until a vneW position of
equilibrium has been established.

As we have just seen, the nyctitropic movements of. the. pinnze (?f Cossia alala are
very extensive and highly complicated at a certain period in the life of .th.e .leaves.
They are, however, entirely absent in very young leaves, and gradually. diminish and
disappear in mature ones long before these begin to show. any other signs of loss of
vigour. On their onset they make their appearance first in the basal pinnae and gra-
dually extend thence outwards along the course of the petiole. In leaves at the period
when movements are just beginning to appear, all the pinne save the basal ones have -
the two halves of their lamins permanently folded up, with their upper surfaces in close
contact with one another, and the midribs directed upwards and forwards from the plane
of the petiole. The distal pairs of pinnz are in'close contact with one another and with
the sides of the petiole, whilst the proximal ones are more or less divergent, the diver-
gence increasing in passing downwards towards the base of the rachis. In the youngest
pinnze there is as yet no sign of any accumulation of pulvinar tissue. The midrib lies
in a groove on the upper surface of the lamina, and the basal ribs of the outer side of
the latter emerge clean and clear from it. In the basal pairs of pinnee the lamine are
partially unfolded during the day, the surfaces of the outer half being still almost verti-
cal, but those of the inner one lying nearly horizontal. Their midribs are still directed
forwards and upwards from the plane of the petiole, but much less so than those of the
distal pinne. There is already a conspicuous mass of ochreous pulvinar tissue - on the
outer side of the keel of the midrib, and extending thence over the bases of the lower
ribs on the under surface of the outer half of the lamina. As yet there is very little
accumulation of green pulvinar tissue on the inner side of the keel, but a mass of it has
begun to appear over the base of the upper surface of the laminz and to extend outwards
along the groove of the midrib. The diurnal position at this period is due to the follow-
ing-agencies:—The divergence is caused by the presence of a certain amount of green
axillary pulvinar tissue, the partial unfolding to the commencing accumulation of pulvinar
tissue over the base of the upper surface of the lamina and-along the groove of the mid-
rib, and the persistent elevation of the outer half of the lamina to the excessive develop-
ment of pulvinar tissue over the bases of the lower ribs on its under.surface. As time
advances, diurnal divergence goes on steadily increasing with the increased develop-
ment of axillary pulvinar tissue; expansion -of the lamina becomes complete as the
mass of tissue on the upper surface of the base of the. outer half of ‘the lamina
increases in proportion to the earlier' developed mass on the' under smface, and
permanent as the tissue over the upper surface of the -midiib increases in amount
and structural strength. For a long time, however, such structural and functional
differences are present between the earlier and later developed masses of pulvinar
tissue, making respectively for the nocturnal and diuinal positions as.to give rise to
nocturnal and diwrnal finctuatious in their relative strengths of sufficient maguitude to
induce extensive movements, After a time the functional strength of the axillary
superior pulvinar tissue gradually decreuses, whilst its structural strength simultaneously
increases, so that the differences originally existing between it and its opponent progress-
ively diminish and ultimately disappear, and after. this, although general turgescency
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contmues to undergo dirnal end nocturnal fluctuations so long a3 the leaf retams ats
vitahty ummpaired, these are no longer pamied by disp) ts of tho pmnnwe,
Because they now affect the entire pulvinus aliho m place of 0CCUTHRZ M €XCOSS 1n
particular portions of 1t

The movements of the pinne m Cassta alafs, athough so extensivo and complicated
when at therr maximum, are always carried out comparstively slonly Owng to this we
find thut the leaves have hardly begun to show appreciable displacement of thewr pnne
at a time m the eveming when those of Mimosa pudica, Leucana glavea and Pithecolobium
saman have already pletely d the 1 poatien  Correspondingly they
hardly show any appreciable movement under disturbances by wind or ran which suffice
to canse complete movements m the leaves of these plants, and, on bemmg detached
from the axs, 1n place of immediately showing the effects of arrested water supply as
the leaves of Mumosa pudics and Leucans glauca do, they only slowly and gradually
ussume the nocturnal posiion This retardation of movement 1s the consequence of the
structural features of the pulvinar tissues The masses of pulvinar parenchyma aro
dense, the mtercellular spaces are very small, and the cell walls are provided only with
few and small pts, and consequently any filtrative escape of flud from the turgud cells
whether 1t be of & normal character or the result of loss of osmotic eapacity in the
cell sap, or of mse m external pressure, can tike place only graduslly and elowly, In
order, therefore, to give 10 to any appreciablo movements, the causes of 1ncreased
filtration or of obstructed water supply must contmmue to act for & much longer time
than 1t 15 necessary that they should act in cases where filtrative faciliies are present
m Ingh degree

The pinne of Cawsia sumalrime slso exlubit ny P ts which, althoug
neither so complicoted nor so persistent ay those of Cassa alafa, gro very conspicuous
during o certam period 1 the Iifo of thq leaves Fully developed leaves have from
nme to twelve psrs of pmne, which differ from those of Cussia alata 10 certain
important respects In place of boing practically sessile, they are provided with distinet

dary petioles g 012"x004”, and they never possess conspicuous laminnr
expansions  of pulvinar tissue (Plate I, Fig 4) Njyctitropic movements are very
extensive 1 young leaves after they have sttamed a certmn degreo of development,
but they very soon dimnash 1n smount, altering 1 character as they do so, and aro
practically absent durng the «'rcatcr patt of !bo hﬁ) of the leaves Owing to the very
transitory ck of the , the 7 of the pairs of
puone o one and tie same nctwc leaf aro by no means so umform ss thoy are
m the case of Cassia alala, tho distal, latest developed pinnm often exlulnting the
maxmum of movement ot & time when tho movement i tho busa!l ones has already
undergone great diminution As usual, ny chitropic movements are entirly abeent up to
a cortan penod, after th they begin to mamfest themselves with rapidly mereasmg
1ntensity, very soon sttamn a maxunum, and then rapdly decrease and disappear

1

In ponx i the carher stages f devclopment the halves of the lamme are
permanently folded up and m close contaet with one another, and tho mdribe are
shghtly divergent and eomewhat elevated from the plane of the common petwole, thesr
Leels at tho same time facmng directly outwards, so that the edges of the folded lamine
of opposite pune aro in closo relation to oro another (Plate 111, Figuro 1) At this penod
there 13 no evidence of any accumulation of pulvinar tissue n the sccondary peholes
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Somewhat later, and just before nyctitropic movements begin to appear, the folded pinnce
still remain only very slightly divergent, but in place of being elevated they are now
permanently depressed, the midribs sloping downwards and forwards from the line of
the primary petiole and having their keels directed downwards in place of outwards
(Plate III, Fig. 1). The secondary petioles now show distinct evidence of an accumulation
of pulvinar parenchyma over the anterior surface basally and along the entire length of
the outer surface. Movements soon begin to appear and to lead to gradually increasing
diurnal elevation, divergence and expansion of the pinnw, alternating with nocturnal de-
pression, convergence, and folding up of the lamine. Somewhat later the laminee become
permanently expanded, and at the same time alternating movements of divergence and
clevation and of convergence and depression go on increasing in amount. At this period
the pinne during the day are widely divergent, and have their upper surfaces approx-
imately in the same plane as the upper surface of the rachis (Plate ILI, Fig. 4), and at
night are very closely convergent and depressed so greatly that their upper surfaces are
vertical to the line of the rachis and look directly forwards towards its apex. The noctur-
nal position at this stage may be regarded simply as the result of extreme convergence
and depression without any appreciable rotation. Rotation of the lamina, however, soon
sets in and, for a time, goes on gradually increasing until, for a period, the upper surfaces
of the p'nne come to look directly inwards facing one another., This is the period at
which the movements attain their maximum development, and it is succeeded by one in
which they undergo gradual diminution. The diminution in rotation causes the upper
surfaces of the lamine nocturnally once more to be directed more and more forwards,
reverting as they do so to a i)osition more or less like that proper to an earlier stage
of development. The reversion, however, is unot complete, as it is interfered with by
the coincident diminution in convergence and depression. Finally, a period arrives at
which the progressive diminution leads to a complete abolition of all appreciable move-
ment, and the pinnz remain permanently “fixed in what was previously the diurnal
position, with the upper surfaces of their laminze looking directly upwards in the plane
of the rachis or slightly ascending from it, and their wmidribs at right angles to it, or
cven somewhat inclined backwards towards the base of the leaf. '

On examining the secondary petiole of a pinna at the period at which movements
are at their maximum, two distinet masses of pulvinar tissue may be recognised in it.
They differ from one another in tint, the one having an ochreous tinge, whilst the other
is pure green, and they are arranged in a peculiar spiral fashion (Plate III, Fig. 2, 3).
The ochreous tissue at the base of the pulvinus lies antero-external, and farther out
it becomes purely external; whilst the green tissue basally is purel_;,f axillary, but towards
the Jaminar extremity invades the anterior surface of the pulvinus s0 as to become
continuous with the mass of green parenchyina which forms a ridge over the cowrse of the
midrib. The pulvinus extends for some distance into the base of the lamina on the
under-surface, and the green tissue on the inner side of the midrib is more conspicuous
in amount than the ochreous tissue on the other side.

It is this spiral disposition of the opposed masses of pulvinar parenchyma that
determines the peculiar character of the movements of the pinz. When the develop-
ment of the pulvinus first begins, the fact that the tissue, which is subsequently distin-
guished by its ochreous tinf, makes its appearance first accounts for the permanent depression -
and convergeuce of the pinna which prevails immediately antecedent to the period at which
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movements first begm to appear The depression 13 determmed by the accumulabion
of parenchyma over the anteror aspect of the base of the secondary petiole, and conver
gence by the extenston of 1t along the course of the outer mde When pulvinar paren
cliyma begs to accumulate beneath the base and along the axillary surface of the second-
ory petiole, and to extend thence over the anterior surface of the base of the
lamma and outwards slong the groove which omginally corresponds with the course
of the mdnb, 1t tends more aud more to canse elevation and divergence of the second
ary petiole and expansion of the lamma, and when the tissue has sttamed sufficient
structural power to resist the older masses c¢f tissue makmg for depression and conver
gence of the sccondary petiole and foldmg upwards of the halves of the lamma, a condi
tion of permancnt eqmlibrium 15 once more cstabhished Until this has oceurred, how
ever, movements necessanly continue to take place, because the fluctuations m turgescence
which accompany the piescnee or absence of solar stimulation i the younger and more
recently developed masses of tissue are greater than those taking place in the older ones
So long as this 13 the case, the younger tissue 15 relatively stronger duning the day then it
13 at 0 gat, and consequently 3t 15 able to effcet displacements diurnally which 1t 1s meapable
of lly The de of the s goes on steadily incieas
g so Jong as the dufferences between the functional and structural strengths of opposed
masses continue to 1increase, but, when the development of the clder mass has once
been completed, the movements dimonh with the continued development of the
jounger mase, and they ultumately disappear when the tissue 1n 1t has overtaken that of
1ts opponent 1n respect fo structural strongth and functional weakness At the outset the
tissue which makes for the dmmal postion 15 present m very small smount ss com
pared with that which mases for the nocturnal one, snd consequently the amount of
displacement winch 1t 18 able to effect 13 very lnisted  Subsequently 1t increases rapidly
m bulk, but at the same time the permanent structural power of its opponent has also
undergone increase The mass of functiomally stronger tissue 1ncrcases, but the
stingth of the structurally stiongir one does so also up to a certain pomt The

d bulk of tho functionally strongir tissue enables 1t to give rse to nereased
cspl under the ff of solu stimulation, but so long as the diffcrences
permanent structural strength of the two masses go on increasmg, tho amount of resist
ance which the structurally stronoer one 13 capable of overcoming m the absence of
solar stimulation will undergo ncrease alvo In consequence of ths we find that
wankumal, dsplaement, dory, mob effain e marumam, W panm whadh bese yesh begun
to move bnt goes on steadily 1ocreasing for a conmderable trme. The preciso smount
of t exhibited by any p lar pmna at a given period m the course of
1ts development depends not merely on the relative bulks of the oppouny masses ot
pulvinar tissue, but on the differences which they present m regard to functional and
structural stren,th The zmount ot dinrnal dwsplaccment 13 at first small owmg to
the small bulk of the twsue giving rse to 1t, and the nocturnal disp'acement does
uot attain 1ts maumum at first, becanse the miss of nssue which determines 1t goes on
for some fime increasmng 1 structursl strength i relation to sts opponent Just before
the primary mtiatwn of movement i s puna tho supero external mass «f pulvinar
parenchyma 13 already p whilst its opp. 13 lly absent 1n a mature
or motionless pmna the coundition 13 more or less reversed, the mass of the aullary tissue
bemg somewhat 1 excess of that of the external one Owng to the fact that all the
pmnne i 2 leaf are not matured sinultancously, but progres wvely fiom the buse to the
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apox of the rachis, the diumel and nocturnal positions of all the individual pinnw
in one and the samo leaf are mot uniform during the greater part of the period
during which appreciable movements are present. This is clearly illustrated by the
following notes regarding the nocturnal positions of the pinnwe in a single leaf. All of the
pimze were closely convergent to the line of the potiole and depressed beneath it. In the
two terminal pairs depression was not so great as in tho succeeding ones, and the halves
of the lamina were somewhnt folded upwards. In the next four pairs depression and
convergence were extreme, and the lamine were fully expanded, and had their upper
surfaces facing dircetly forwards to the tip of the leaf. In the mext pair the upper
surfaces of the lamine were slightly inclined inwards, and in the succceding three
poirs they faced almost dircetly inwards. In the two basal pairs depression and
rotation were alrendy somewhat diminished, and the upper surfaces of the lamine were
consequently directed forwards, upwards, and inwards. In this leaf the distal pairs of
pinnze had not yobt attained to the maximum of movement, whilst the basal ones had
already begun to decline from it.

The phenomena of movement in the leaves of Cassic Swmalrana indicate just as
clearly as those of Cassiu alata that they correspond with tho interposition of a period
of instability between two periods of stable equilibrium in the tissues of the motor
organs, and that, so long as movemeonts continue to occur, the assumption of the nocturnal
position is always owing to the action of a tendency to the resumption of what was
either the primary permanent position or tho diurnal position at an earlier stage in
the ovolution of the pinne. In the initial periods of movement, the noct?n’nal
convergence, depression and clevation of the halves of the lamina give rise to complete
reversion to the antecedent permanent position. Somewhat later rotation comes in to
interfere with the completeness of the reversion and to replace folding of the lamina.
So long as folding is possible, the action of the portion of the mass of pulvinar
parenchyma making for the noctural position, which is prolonged into the wunder
surface of the lamina, assists in elevating the outer half of the lamina from
the plane of the midrib; but when permanent expansion has been established, foldine
is no longer possible, and the same action tends to cause torsion of the, midribtJ
Rotation is, however, a comparatively transitory phenomenon here as compared witl;
the rotation of the pinnm of Cussic alata, becauss there is no excessive accumulation
of pulvinar parenchyma on the under surface of the outer half of the lamina
that the growth of the opposing tissue on the other side of the pulvinus oom.
paratively' r.apidly provides sufficient resistance to prevent the occurrence of to::iI:x;
of the midrib and vascular axis of the pulvinus. Rotation is thus present only du;'ing

the period at which the mass of pulvinar tissu .
. ¢ making for the . ops
possesses its maximal relative strength. ° noctural position

In Cussia Sumatrana, as in Cassia alota, the mo
very considerable magnitude when at their I;Jaximumjeiznti?wfﬁ:lljlfy 12‘11:‘:,5; ughough o
In _both cases the tissues of the motor organs do mot provide any s z{nl gradll_al-
facilities, either in the form of abundant pitting of the cell-walls z),r é}fecm ﬁ_ltmtf"e
syste‘m of. intercellular spaces (Plate VII, Fig. 2), and hence any fact 'an h‘;x}tlem“'e
to give rise to sudden increments in external pressuwre or to sudd o e
gener.:ﬂ loss or decrease in genmeral supply of fluid -
any immediately appeciable effects on turgescence, ’

incresse in
are 1ncapable of producing
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CHAPTER IX.

The mobements of the leaves of Phthecolobum Saman and
Tencaena glanca,

The movements of the leaves of Puthecolobuum saman are distingmshed from those
occurring 1 the leaves of either of the species of Casua which have been treated of m
the previous pages by much greater persistence and by the relative rapdity with which
they are executed The movements of the pnmary petioles, slthough ongmally very
conspicpous, do undergo rapid dumnution at a comparatively early period in the hfe
of the leaves, and are practically absent latterly, but those of the secondury petwles
and pmnules are very much more persistent, and 1t 15 enly m very old leaves that
they become mconspicuous When the s are at o , the diurnal and
nocturnal positions are of the followng nature —dwrnally, the prmary petwle end
ractus are very widely divergent from the axis, lymg almost at mght angles to 1t, the
sceondary petioles and rachises are also very widely divergent from and he almost m the
same honzontal plane as the pnmary ones, and the pinmules sre 1n the same plane and
have therr mdnbs diverging from the lne of the secondary rachises at angles of
rather more than 45 degrees Nocturnally, the prmary petiole 13 so ighly convergent
that 1t not unfrequently nctually crosses the kne of the axis, the secondary petioles
are converged and so deeply depressed that they come to point more or less brckward
towards the base of the leaf (Plate VII, }1g 7), the pmnules are folded almost directly
upwards, so that the upper surfaces of those of the oppomto mdes of the secondary
rachises are wm closo contact, their midnbs bemg directed upwards and forwards at
vertical sngles with the line of the secondary rachises of elmost the same degree of
wchnation as that of the dwrnal honzontal one, 1n other words, they have wnder
gone slmost pure elevation apart from amy apprecsble rotation

When deahng with the subject of nyctirope movements generally, 1t has already
been pomted out thet the mnocturnal position m this case 15 speually clearly one of
reversion to what was the permaneut one at a pertod immediately preceding the
time at which penodic movements first begin to make their appearance, and that the
dirnal divergence of the pmmary petiole 1s essentially conmected with the gradual
development of a great mass of axllary pulviner parenchyma The action of the
dinrnal mse in tmgescence i the primary pulvinus must, however, mn this caso be
greatly sided m effecting divergence by the comeident imeresse in turgescence end alter
aton 10 the position of the distal portions of the leaf, which imply corresponding mereasa
1n distal leverage The leverage here aids 1 estabhshing the diurnal position, and renders
1t more stable than 1t would otherwise be, or than 1t 13 m leaves like those of AMimosa
pudica, 1 which distol leverage opposes, m place of mding, the twsue m the pumary
pulvinus which makes for the diwrnal position, and to it, mo doubt, to a great extent
13 due the pt of rapd d and early disappearance of movement
the prumary petiole Large leaves mio provided with from six to exght sccondary
rachises whith bear from three to exght or mne pawrs of punnules, the number of
the latter beng smallest m the basal rachises and mcreasng progressvely towards
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the distal portions of the leaf. In the case of five large leaves in which the actual
number of secondary rachises and pinnules was counted, that of the former varied from
twelve 4o sixtcen, and that of the latter from seventy-eight to one hundred and fow>
which very conclusively indicates that-the amount of leverage telling on the piimary
pulvinus in favour of divergence must be very considerable; and so consideiable is it
that, in co-operation with the great progressive developmient of the mass of axillary
parenchyma (Plate I, Fig. 14), it not unfrequently leads to the leaf ultimately becoming
permanently directed, more or less backwaids towards the base of the axis. In the
case of the primary petiole and rachis there is a mocturnal reveision to a previously
permanent position, only slightly modified by a certain amount of increase in con-
vergence; but in that of the secondary ones considerable modification is present owing to the
fact that for some time the amount of nocturnal depression goes on steadily and
progressively increasing. The nocturnal position of the pinnules, on the other hand, is
one of pure reversion, and the alternate movements of diurnal depression and
nocturnal elevation which they undergo are the exact parallels to the alternate unfolding
and folding of the lamine of young pinne of the species of Cassia. There is mo
appreciable rotation similar to that occurring in the case of these pinne, because
the opposing masses of pulvinar tissue making respectively for the diwrmal and
nocturnal positions lie directly superior and inferior, and are related to the upper and
under surfaces of both halves of the lamina alike. The inferiorly situated mass of
parenchyma is aided in giving 1ise to nocturnal elevation of the pinnule by the
action of the vascular axis of the pulvinus, which constantly tends to resume its original
direction to the secondmy petiole. It is thus only after it has attained considerable
magnitude that the superior mass of pulvinar parenchyma is able to overcome the
resistance of the inferior one and of the vascular bundle; and, even when it has
attained its maximum development, it is, as a rule, incapable of securing complete de-
pression of the pinnule fo the plane of the secondary petiole. The great relative
incref}se in bulk of the superior mass of pulvinar parenchyma as compared with the
11{\;61;::3 ir;e,();vl;xlz:tetaies place during maturation of the leaf, is illustrated in F igs.
The opposed masses of parenchyma in the secondary pulvini are essentially dis-
posed altogether superiorly and inferiorly; but yet the movements which actually occur
are not movements of simple depression and elevation, but of depression and con-
vergence, and of elevation and divergence. This is owing to the peculiar relation
which the pulvini bear to the bevelled petiolar surfaces with which they are
c‘onnecfe.d (Plat'e 1V, Fig. 5): The superior mass of, pulvinar parenchyma, as the figure
sac.)ws, is 5o situated as to lie so much above the level of the bevelled ‘surface of the

primary vrachis that any alterations in its relative strength and pressure can onl
act appreciably in giving rise to movements of elevation and depression ; but in thy
i'nferior .pafl, which is internally in close contact with the bevelled ’surface .'am)(j
e i iy e ok e kel (0 e s o v, Tt i
. passive position, as determined

by purely structural features, the axial vascular bundle of the secondary pulvinus He
almost parallel with the line of the primary petiole; and any rise in turpesc -s
the axillary portion of the inferior mass of pulvinar parenchyma must tend o {ia ?n(zfi 11‘1
gence, owing to the relation which the tissues of the rachis and pulvinus belalie to 2::;
another.  The movements are not in this case complicated by the presence of any
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rotation hke that which occurs m those of the secondary pulmm of the Casss,
because they are not related to the presence of any structural arrangements corre
sponding to the lanunar expansions of pulvinar tissue, wlich ave present i the latter

It 19 the very peculinr form of the vascular axs wn the sccondary pulvion that s
the prinaipal determinant of the extreme convergence and depresson of the sccondary
petioles during the mght (Plato IV, Figs 4 5) The vascular tissue, 1 place of formng a
more or Jess rounded cord, as 1t does in the case of the secondary pulvim of Mimsss pudica,
or o tube filled with medulle as 1t does m those of Lewcana glanca, tahes the form of n
broad, flattened, slightly curved band  This naturally mphes corresponding modification n
the resistance which 1t will present to horizontal and vertieal diplacement from 1ts normal
passive position 1t 1 morphologteally adapted to afford very conmderable resistance to
the diverg, whaek 13 det d by the axllary portion of the inferior mass of pulvinar
parerchyma, and consequently, When the latter loses turgescence with the removal
of solar stimulation, 1t acts powerfully m producing convergence But 1ts resistanco to
depression 18 very feeble, and the distal leverage fo which it 13 exposed 13 very great—
the pulvinus only weighs from 4 to 7 per cent of the ontire secondary petiole and pinnules
—and oconsequently when 1t loses the support afforded to it by the dwrnal excess of
turgescence 1 the infemor mass of pulvinar parenchyma, 1t yields to the leverage mded
Ly the action of the re'atively feeble superior pulvinar parenchyme Thoe central
portion of the mferior pulvinar pad 15 mot only thicker, but also much rncher
chlorophylly than thet of the superior one 13, and consequendy, when m 2 condition of
dwrnal turgescence, 1t 1s able not only to overcome 1it, but to overcome the action
of distal leverage on the vertically flexsble vascular axis of the pulvinus The lateral
portions aro not conspicucusly thicker than those of tho supenor pad, but the mmer
of them, when 1 a conditton of diwmal turgescence 13, from 1its axilry poution,
onabled to effect divergent displacement of the vascular bundle in spite of tho rela.
tavely great resistanco which 1t opposes to horizontal flexion  (Plate IV, Tig 6)

In the sccondary and speaally m the tertiary pulvim, durng the persod 1 the
Iufo of the leaf 1 which extensive movements are regularly carried out, tho masses of tissue
which make for the dwrnal position are conspicuously dntingmshed by their colour
from those wlhich make for the nocturnsl ome In both cases they are of a decp
green, whilst their opponents have a much paler ochreous green tinge (Plate IV, I'gs 3,
5—9) Consequently, 1n the case of the sccondary pulwiny, 1t 1s tho anferor mass of
parenchyma wlueh 13 green and the supemor which 1s ochreous, whist 1 the tertiary
ones precisely the roverse holds good

Tho opposed masses of parenchyma 1 the primary pulving do not show such con
spicnous and readily apprecunble differcnces 1n colour as the correrponding tisues in the
secondary and tertiary pulvint do, but the steady and progressive increase m relative bulk
which teles place m the superior ene comcidently with dimibupion m and final

bol! of the p of the turnal postion by the pnmary petiole 13 very
stnhing  (Fule Plate 1, Figs 14,15, Plate 1V, Iigs 1, 2) In leaves i which petiolar

ts are at o , the spenor mass 13 distingmshed merely by the
fact that 1t 18 winid green almost through 1ts entire thchne: Winlst, in the

Tourl, fimral

snferior mass, the tisuo nearest the wood 13 almost y apd the sup
band of green has a somewhat olne tuge At P y thows
that the tissuo of tho superior mass 18 composed of eclls wluch nre of conuiderably
smaller sizo ond much more richly provided with green chromatophorus than thosc
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of the inferior one are. There is thus ample pr(?vision for. a rclr'xtive‘ cxca:m of
diurnal turgescence in it, and this, in (:o-n]mmtim‘x th}} ﬂu') dxftrnnl riksin lm.cm;:(:
in tho distal parts of the leaf accompunying solar ntnmfhttzmx, in quite mﬂw:.u:f't tn neconn
for tho ovcurronce of diurnal divergenco, The inferior m.'x.w;‘sht'nvs.no d.mx‘nct evidence
of any conriderable excess in relative structuml atmnglh'; but it is aided in xlm icn}d;:;m}:
to givo rise to convergence by the strength t)f‘tlm axinl sy of wood 'x:m mes ;: fry
tiesue, and conscquently nocturnal convergenco i for A time oxt:.'m‘nn. The  wou ap-
parently plays n much more important pirt here in determining  the ﬂwump'tmxf
of the nocturnal pnsition than it dees in tho cass of the secondury and tertinry
pulvini, The struggle in the primary pulvini s, to a great Nc{r;u't, not #0 mtu‘h brtweon
the opposed masses of pulvinar parenchyma, o4 between the superior mn« which {mu.h ‘m
cause divergence and the wood which makes for w.mvcr;:uncc in the czﬂ'nr‘i to regmin s
original direction in relation to the nxiz. For 2 time '.!x.o x.mctumrfl .Im‘t‘m ‘itlfg!l'*cr'nc{}
in the superior muss of palvinar prwenchymn, and t!m‘ exineident dun}lmhr:n’m 1(.:&'”:\.;5.'»
of the distal portions of the leaf, allow the strung woody tisaue t:.; rodnme x!:‘" orizingl d.xrt‘(:'.xvun
to the axis, and cven to pass beyond it owing to the adjuvant xu":mn of the {nfr,-rmr
parenchymn; but the movement mpidly diminishes and ultimately  disappears with the
continued increace in bulk and structaral strength of the suparior parenchyma, leaving
the primary petinle in » permanent podtion of extrme divergence or even more or
less inclined backwards from the lne of the axis, S long ns the movements continne
to ovcur, they lead very conspicaous'y to that nssumption of the maximal necturnal
position during the carlier part of the night, followed by gradual departure from it
in spite of continued nbsence of solar stimulution, which, as b alrealy been pointed
out, is ro characteristic of nyctitropic wovements generally,

The pulvinar tissues in Pitheeslobivm are relatively denee (the systom of intercelnlar
spaces being comparutively limitod), but pitting of the coellwalls i4 very much more comapi-
cuous and abundant than it is in the pulvini of cither of tho species of Carvz (Plate VI,
Figs. 3, 8), and with this we find a capacity for mueh more rupid movements in the
leaves. At o period in the evening at which leaves of the specics of Cuerit are only
beginning to show indications of depoarture from the diurnal pesition, these of Pithe.
colobium saman are slready in the fully developed nocturnal one.  This may be partiully
due to the greater facilitics for active tmmnspiration which they present in connection with
their great excess in stomats; but the fact that similar phenomenn present themselves in
conncetion with continued agitation by showers of vinlent rain indicates that it is mainly
determined by textural facilities for redistribution of Hquid. An amount of agitation by
wind or fropical showers which handly produces any apprecinble effects on Carsia alala,
suffices to produce maximal movement in the secondary petioles and pinnules of Pithe-
colobium. The total amount of displacement involved in the transition from the diurnal
to the nocturnal position in both cases alike is very great; but the rate at which it can
be effected is very different owing to the presence of structural ‘peculiarities, which in
the case of Pithecolobium anre of a nature to permit of redistribution of fluid by
filtrative discharge from the cell-cavities of the pulvinar parenchyma taking place much
more rapidly than is possible in the case of either of the species of Cussia,

In so far as strictly nyctitropic movements—movements dependent on flue
in turgescence, determined by variations in degree of solar stimulation,—are concerned,

another factor, ‘however, comes into play besides the mere structural facilities for the
escape of fluid from the cell cavities of the motor organs,

tuations

and for transpiratory loss
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from the tissues generally There can be no question that the pulvinar tissues
Mimosa pudica pronde much greater facilittes for filtrative redistribution of flmd than
those of DPuthecolobum saman do, end that the lamme contamm an excess of stomata, snd
with this we find a corresponding ncrease m capaaty for rapid movement i connection

with tho d of i 1 favouring increased local filtration owng
to ncreased pressure But yet the assumption of the nocturnal posttion occurs later
under normal condihons in AMmosa than e Pithecolob The only expl for

this apparent anomoly must he erther m differences m tho stability of the osmotie pro
ducts which are formed under the influenco of solar stimulation of the tissues, or
differences m the degree of protoplasmic stimulation and activity attending particular
degrees of illununation m the two cases, and as we find that the leaves of Mumosa not
only sssume the nocturnal position later, but resume the dwrnal ono earher, than
those of Pithecolobium do, and that when once they have begun to show movements
m either direction the latter are executed with relatvely great repuity, there can be
Iittle doubt that the second explanation 1s the correct ome The activity of the pro
toplasts 1 Mwnosa must spparently be fully called into play and meintamned by
degrees of illummation which are mcapable of produang an equally shmulant action
on those of Pithecolobuum

In Leucwna glauca the movements in the secomaary iachiscs and pnnules present
2 general bl to those m the conesponding parts of the leaves of
Pathecolobuwum saman, but from the outset the pnmary petioles, although provided with a
most conspicuous pulvinus, fml to exlubt any app ble pertodic ts  and
m place of these show steadily progressive divergence and rotation  The absence of
pertodic movements 13 no doubt parhally, st all events, conmected with the fact that
the prmary petiole s considerably weaher m relation to the other paits of the leaf
than 1t 19 i the case of Pithecolobwm  In the latter the pnmary petiole contributes
about 20 per cent to the total weight of the leaf, wlalst i Leucama 1t contrbutes
only half as much, and, as this dff des with ponding  duffy n
the strength of the vascular axis of the pnmary pulvinus, 1t 18 evident that m Leucena
the action of the latter as a factor making for convergence i consequence of 1ts
tendency to resume 1s ongmnal convergent position m relation to the ams will be
proportionately feeble The leaves are ordimanly provided with from four to seven
secondary rachises, cach of which bears from mme to fiftcen paws of parrow pinmules
which gre set ont st comparanvety Wids yutervals, 30 Yy, Woen Yoe leat 15 m a con
ditrion of full expansion, cach of them 1s completely 1solated from 1its meighbours and
there 13 an nbsence of any overlappmg of successive paws hike that which 13 ordmanly
present 1n the leaves of Mumosa pudica under mmilar circumstances

Owmg to the very lox halat of the plant, the growing portions of the shoots
are almost invarably more or less honzontally disposed, and 1t 13 1n comnection with
this that a mecesuty for excesmve rotation of the prmary petioles has ensen
Rotation does present tself w the case of certan leaves of Pifhecolobium soman, but
the phenomenon 18 mnot of constant occurrence o8 1t 13 in Leweena glarcs, and s
predommance 1 the latter 15 owimg to the horzontal disposition of the axis on
which the growmng leaves are smtuated The mature leaflets are practically srranged
two rows, one lymg on either smde of the axs, and with their surfaces facing directly
upwards 1 the same direction as the upper surface of the axs  This poation, however,
d occurrence of a varying, and 1o most cascs excossive

n ly umphes the
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amount of rotation, seeing that at an early stage. of development the upper surface
of the primary rachis faces directly inwards to the "axis, just as it does in the case
of Pithecolobium saman. Where the growing shoots are either erect or more or less ascending,
as they are in Pithecolobium saman, simple divergence, or divergence accompanied by a limited
amount of rotation of the primary petiole, will suffice to cause the upper surfaces of
the primary rachises to face directly upwards; but where the axis is more or less
horizontal, it is clear that simple divergence could only produce such an effect in
the case of petioles which originally faced directly downwards, and then only when
carried out in very excessive degree, and that in all other cases rotation (and
frequently excessive -rotation) must necessarily come into play. . The ultimate
position of the leaves is mot, however, entirely .dué to rotation of the - petioles,
but also to the occurrence of a certain amount of . spiral movement in - the
growing axis, which in the course of development undergoes a sort of wuhcoiling,
so that eich successive leaf at a certain period comes to be more or less laterally
situated. A mass of pulvinar parenchyma is gradually developed over the outer facé of
the lase of the petiole. ~The accumulation of tissue is not, however, uniformly distri-
buted, but predominates on that side which is for the time being the inferior one;
and, with this, rotation of the petiole gradually sets in and advauces. through . a
quadrant, so that the originally inferior aspect comes to be axillary, and its structurally
axillary one comes to look directly upwards. But, owing to this rotation, the predomi-
nant mass of pulvinar purenchyma which was originally inferior necessarily assumes an
axillary position, and consequently makes for divergence in place of lateral elevation
of the petiole. In the mature leaves a great mass of axillary pulvinar parenchyma
is very conspicuous; this, however, does not belong to the: structurally axillary face of
the "petiole, but to that lateral aspect of it which originally was directed .downwards.
The extreme incquality -in the development of pulvinar tissue in respect to the .two
sides of the vascular axis of the pulvinus, together with the weakness of the latter,
is illustrated in Plate III, Figs. 5, 6. : .

Whilst periodic movements are relatively inconspicuous in the primary petioles; they
are highly developed and very persistent in the case of the secondary rachises and
pionules.  As in other instances, they are primarily absent; but from the time at
which they appear, they normally continue to be carried out with unimpaired vigour
during the entire period in which the leaves retain a healthy character. In this
respect the leaves resemble those of Mimosa pudica- much more closely than do any" of
the leaves which have hitherto been considered. Before the period at which *periodic
moyements set in, the secondary petioles are primarily directed upwards and forwards
from the .line of the Primary one, and are so closely convergent as to have their inner
surfaces in contact with one another (Plate III, Fig. 7). Somewhat later they become
somewhat divergent whilst still retaining their ascending direction (Plate III, F ig. 7). Both
divergence an'd e.levation next undergo pr(lggressive diminution; and, immediately prior to the
onset of. periodic mow.rements, "ohe secondary petioles ‘are ‘once more closely conyergent
to the line of the primary oné, and lie in the same plane with it or slope slightly
d-ownwards from if. ,Wh\;p periodic movements do make their appearance, ‘they give
rise t? alternating nocturnal convergence and depression and diurnal - divergence and
jl(;:;’zxozndto 1 1Ithe plan:ia' of thef petlolle. The pinnules, like those of Pithecolobium

: unosa udie@g, au ron C :
of - periodic movemeﬁts, a’re directeci tf:)iwzzlll:tls:t ilfu]:iy if:;mnde-d and" vttt the onset
parallel with that of the -
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sceondary petiole, with the upper sarfaces of these of the oppoute rows n eleee
contact with one nnother, and thar surfaces facng directly oatwards, the outar «r
pretenor half of the laminwe lying veruicnlly over the axlliry Lalf, anl the malnb
panting direetly  forwards,  Whin movements st an they Jead to prgreoaveh
mcreasng dwrnal divergince, rotatim and deprewon of the Jamine which wltiunaredy
come to he n the samo plane with the upper surfact ¢f tle sccondary petle, ord
more ¢r less at nght ongleato 1, with therr upper surfaces faeing dirvetly upwards
aliernating  with & nocturmal resumption of the  enanally poomnct peaition,
rother of that poutin shightly modificd by the fict th t the mulnbs now, nea b, 10
longer pant dirertly forwards, but sightly downwards fiom the hue «f the secondary
petiole The movements of the pnules thus differ from thoe i the  pumnles of
Dathect bium aaman, nud aro of the smame natwmic as thore mn the pure of Cana ala'e
1 conmeting not mardy of alternating devatin and depresaen, lut of alturmatir g
«levatron and depresaon combined with a connderalile amcunt of rtation

T he structurl fuatures which detormme the chameter ¢f (] ¢ movama te of the xecrd
ary pctioles are «f tho following nature  When an accunlaticn «f yulvnar parcnctvea
begns to bo deseloped, at appears first over the upper balf of tho basc of the reonndarn
puole, and, together with the mcrensng Joverspe of tle distal parts, tenls to pive e
to pradual deprewsion At a semenhat later [onod accumu'auon beans over the lower
half, and this of course makes diveetly for clevation In wature but il fredly mictale
pulvam, there 11 Litlo differince 10 tho tluchness of the ¢ 1l walls 1 the vancus portians
of the parenchyma, but the mass which Les to the axillay sde of the axie 1 dietin
Fusshed from the outer one by greater thicknew (Llate I, Fig 0), and 1 contmning a
preater numbcr of green chromntophores It 19 this, togcther with the fact that tle
axllary masses on undergomng any increase wm turgescened press upon the reastent mel e
m the case of all the pinnre but the termunal ones, and agmndt one mnothuer i the
litter, that determines the great dimmal diergence of the sccondany poti les. The
esternal mass of pulvinar parcnchyma 1s less bulky and poorer an chlorojindl, ard
consoquently undergoes lews inereasc i turgosccnee diwrmally than sts opponent, anl
morcoser, it 1 related bawally to o mas of spongy treue vy poor o dibon il
content (Plate 111, Thg 9) «o that any e an turgescence wlach 1t does wnlergo s an
great mcasure expended 1 compreaang this feeble ticeme  Wath the abwna of amy
conspreucus structural differonces betwean the suponor and anfuner parenchyma, and the
presnce of @ rolatnely strong vascular axis (Plate 111, Fige 8, 0) wlhach Jreeenty xeny
const lernble roatatance to both verticdl and honzont1l flevion, we find the aneunt <f ver
tical movements beconing very tnconaderable  In I%thecold am the secon Isry mcluses 1n
feaves at the stago 1 which movements aro ot a maxumum nre noctumally directed tack
wanls at scute angles to the hne of the pnmary cne, but in Leveawa they never
attun to 8 nght anglo to it, tut ore invanably dirceted f rwande at very soute an,Jes
towards ats apex The really wmportant struzle 18 that which w enmed cn letwren
the strong aseulir aus of the pulunus anl the maw of yarenchvina Iying to s
aulliy ule, and which 10 diwrmally able to divert st fvm ate nomal reare diret n
The nullary ponnchyma, from ata poestisn, ats gnater bull, anl ux gmater nelness 1
chlomplipll, 2« alle not anly to d> away wath any (ffecty of domal ne o turzeernee
an the extemal pad, but el to cause cxtnone diverpenee of the porster t vasenlar gan
In the s of lughly developed julnm tle vasulsr ane {e redoeed tothe frm of a0
skl cond con‘mming no medollary tisue Whete thls Fas a ylinlreal £ an, & 1y the
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secondary pulvini of Mimosa pudica, the masses of pulvinar parenchymsa surrounding it
cither equal or exceed it in thickmess; whereas in the sccondary pulvini of Pithecolobium
saman it takes the form of o flattened band, the superior and inferior masses exceed
it in vertical diameter, and the lateral ones falling short of it in horizontal diameter; but
in the secondary pulvini of Leucwna glauca the thickness of the axial mass of vascular
and medullary tissue considerably exceeds that of the surrounding masses of pulvinar
parenchyma in every direction. (Plate III, Iigs. 8, 9.)

In the case of the tertiary pulvini the opposing masses of pulvinar parenchyma are
disposed above and bencath the vasculor axis, but the movements which they determine
are not simple movements of depression and elevation, like those present in the pin-
nules of Pithecolobium saman. This is owing to the following facts. In the first place,
the pulvini are obliquely set on upon a bevelled surface, so that the opposed masses are
directed respectively upwards and forwards and downwards and backwards, just as
they are in the tertiary pulvini of Mimose pudica (Plate V, Fig. 5); and in the
second place, they hold a relation to the lamina of the pinnule very similar to
that which is present in the case of the pinnm of Cassiu aelafa. 'The oblique disposi-
tion of the opposing pulvinar masses necessarily implies that the upper one must make
not merely for depression, but also for backward displacement of the lamina, and the
under one not merely for elevation, but for elevation and advance. So far, of course,
we are dealing with movements of depression and elevation on an oblique surface, but
the character of the movement is further modified by the unlike relation which the mass-
es of pulvinar parenchymsa bear to the two halves of the lamina. There are conspicuous
expansions of pulvinar tissue involving the base of the posterior or outer half of the
lamina both on its superior and inferior aspects (Plate III, Fig. 10), and these, of
course, must tend respectively to determine rotation outwards and inwards of the
upper surface of the midrib according to the variations in their relative strength
and resistance. ’I‘h(?, inferior pulvinar pad consequently not only makes for general
advance and elevation of the lamina, but for excessive clevation of its outer half,
and when once t.he d1splacemc.ent has .advanced so far that the posterior side of the
keel of the Ill.ldl‘lb comes to lie supellor. ’fo th.e anterior side, to a deflection of the pin-
nul:l. nTi\e llxli;xmat.:. out:}(l)me .of tlhe conditions is that ?vhen the leaf isin the fully devel-
wonds, bt o dowmerasds wnd o o fhe plono of ms pess o B ey i
1-elatix;e strength of the upper mass of ;z;:fin;: D e of the pefiole. An increase in .the
rise to depres:ive divergence and retrocesiion but preneyma 'conversely. not only gives

' & ) also to special depression of the outer
half of .the la,mm.a, .and consequently to rotation of the vascular axis, so that the upper
:ﬁi::zz ch)fﬂtlliem;:;lilzan;igaif :}f facing inwards,:faces directly upwards, and the upper

0 1 - e same plane with and more or less at right angles to
the secondary rachis. There is not any very conspicuous difference in the streneth and
thickness of the cell-walls of the opposing masses of tissue, but the 'superior onebis con-
siderably richer in chlorophyll ¢orpuscles than the inferior one is. ‘

The pulvinar tissues in : .
pitted thaIr)l ‘those of Pithecoloiz::;wzctfznﬁ:uc:f: :rebi‘;;entl:;mriesxrfﬁ?lsw‘i‘})y—t;ndl CODSPmUO}lSly
from those of the primary pulvini of Mimosa pud}z;a iz 'be' © orer, and dlﬂ?r

: . ) emng throughout devoid
:)f 'an'y hlgh}y developed system of intercellular spaces (Plate VII, Figs. 8, 4, 5).
:Vizzhlsinslll);;:ﬂz p(z}:;?csfu;i(;usnoin ;Zf:]rd to the Priljﬂary I?ulvini of the deeper strata

y very extensively pitted, but are of extremely
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open texture, whilst i Pithecolobium and Leucena they contamed merely minute
angulsr intercellular spaces hke those of the superfictal ones  Corresponding with
these differences m the dogree to which faciliies for redistribution of flud are present,
wo find differences m regard to the rate st which movements are executed The
leaves of Leucona move more rapuly then those of Pitkecolobtum, but not nearly so
rapidly as those of Mimosa When the temperature 18 ugh and atmosphenc humdity low,
& cortmn amount of depression of the secondary rachises and convergent eclevation of
the p les makes 1ts app almost diately after a leaf or shoot has been
detached from the axis, and much sooncr than any corresponding displacements aio visible
1 leaves of Pithecolobum exposed to sumilar conditions This 13 1n ono respect remarkable
as the numbers of stomata m L ucwna sre very much smaller than i Puthecolobum
In spite of this, howeser, transpuatory loss takes place with very great rapidity, pro
bably i connection with the general dehcacy of the tfissues, a3 13 indicated unequ
vocably by the very early onset of phenomena of general wilting As the stmospherie
humidity rses, the rate of movement falls, sud when a conditon epproaching satura
tion 18 present, movements arc very greatly retarded so long as mechamecal disturb
ances of the leaves caleulated to give mse to mecreased filtretive discharge of flud
from Qhe pulvinar tissues are absent In Jewewna movements tending towards
the it of the t 1 position may, even more distinetly than m the
cass of sny of the leaves which have been T ly desenbed, be d as
ansng under the influence of many different conditions which only sgree with one
another m the fact that they all tond to mnduce dimmshed turgescence 1n the
pulvinar tissues In cases of separation of leaves or shoots from the axis, dimmshed
t arses m q of arrcst d supply and contiuued transpiratory loss
of ﬂ\nd where movements occur 1  connectson with contmued exposure to hot

air without separstion from the axis, excess m transpiratory lo s acts alone, where they
follow much ) 1 agitation, d Tocal il m the pulvinar tissues comes
mto play, and, finally, whero they attend removal of solar stimulation, a fall
osmotic capacity of the cellsap 1s the determmant In all cases shke, the lows of
strength, or, 1n other words, thé dmmmnution 1 turgescence falls most heawily upon
the younger and functionally most active masses of tissue, and comsequently, m =ll
alike, the movement which attends 1t 1s in the direction of the position which 1s
made for by the older messes of pulvinar tissues, becanse they are the structurally
stronger and functionally weaker ones In certan cases the struggle 1s manly be
tween opposing masses of pulvinar parenchyma, whilst the vasculor tissues are practically
passive, m others the vascilar tissues co operate with the older masses of pulvanar
parenchyma, and 1 stil others they become the mamn d of the P

of the mocturnal postion In any case, however, the struggle 13 between functionally
powerful and structurally powerful tissues, the former constantly making for the
drarnal and the Jatter for the nocturnal position  The tissues which are distingmished
by structural strength neither undergo so much dwrnal increase i turgescence mnor
pronide euch facihties for filirative loss of flud, as those which are characterised by
excess 1n functional strength, and consequently they are mnot subjeet to so much loss
of turgescence on removal of solar J or on the d of condittons
caleulated fo give mse to increased filtratton as the latter are, so that any depravation
of hght or increase in pressure on the pulvinar tissues must tend to give mse to an
assnmption of the nocturnal position  When we compare the rates at which movements

Axy Roy Bor Gazp Carcurra Von VI
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are exccuted by the leaves of various species of plants, we find that a distinct and
divect rolation is traceable between rapidity of movement and testural facilities for
filtration. In the case of Cassia a’ats and C. sumatrana, the movements, when at their
maximum, are very estensive, but arc invariably slowly and gradually carricd out, and
the pulvinar parenchyma is very dense and scantily pitted; in Pithecolobium saman, and
even more in Leucana glauca, the rate of movement is considerably increased, and the
pulvinar parenchyma, although unprovided with a fully-developed system of intercellular
spaces, is composed of cells the walls of which are very abundantly pitted; and in
the primary pulvini of Mimosa pudica movements attain o maximum rapidity, and the
tissues arc mot only most elaborately and extensively pitted, but are provided with a
very highly-developed system of interccllular spaces, affording abundant accommodation
to any fluid which may escape from the cell cavities in consequence of any increased
filtration.

CHAPTER X.
@he movements of the Leabes of Himosa pudica,

The general appearance of the leaves of Alimosa pudica is, of course, familar
to every one, but it is necessary to allude to certain of their characters in somewhat
detailed fashion, seeing that these have an importaut bearing on the rapidity with which
they are capable of executing movements under certain conditions.

The following data werc obtained from a single, large, active leaf :—

1. Weight of the entire leaf ... w05

2. Weight of the petiole including the primary pulvinus %;?i s
3. Weight of the sccondary pulviui, secondary petioles and pinnules  0-50 ;

4. Length of primary pulvinus o 023 )

5. Thickness of primary pulvinus we  0065° i

6. Length of primary petiole from the distal extremity of the pri- ”

mary pulvinus to the points of origin of the proximal paits of

secondary ones e 1927
7. TLength of the remaining portion of the primary petiole between ) "
the sites of origin of the proximal and distal pairs of second-
ary pulvini . 0-125%
8. Length of the secondary petioles, including the secondary pulvini—. ”
(@) Proximal pair 2:90”
(») Distal pair vee . goor
9. Length of secondary pulvini - 4.92- 5
10. Thickness of secondary pulvini . - 0'12:, ?
11. Number of pinnules on secondary petioles— 00
(@) Proximal pair .- 19
: =119
) (5) Distal paic . . 25
12. Area of laminar surface (determined by gumming down {he B
detached pirnules on a sheet of paper, so as to l}orm a con-
tinuous stratum) '
13. Number of stomata— ™ 7 square inches,

(@) Superior epidermis
(5) Inferior epidermis ... 160,000 persquare inch.

14, Number of stomata on entire laminar surf. 400,000
ace
.. 8,920,000
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In the case of another leaf, of which careful weightments were made, the results
were as follow —

1 Weight of entire leaf 0 47 grammes
2  Woeight of pnmary petiole includ ng primary pulvinus 007 |,

3 Weight of prmary pulvinus cor

4 Weght of secondary pulvim, secondary petioles and pinnules 040,

5 Weght of primary petiole without the pnimary pulvinus 006,

The most important pownts to be notel are, first, the great leverage to which the pnt
mary pulvinus 13 exposed (vide Appendix A) and, second, the excessive franspuatory
facilities which are provided by the lammmar surfaces [laking the data demved from the
second leaf i which the weight of the prmary pulvinus was detexmmed, 1t appems
that the pulvinus had to support a weight forty mx times as great as its own, and of
which 8o per cent was mtuated at the distal extremity of an elongated ngid lever,
represented by the prumary petiole The power in this lever system 13 apphed at tho
mmediate neighbourhood of the fulerum, and the weight 15 sitnated at the end of a
Jong lever—conditions mmplying extreme mstabiity of equilibrium i event of amy
fluetnations m the power The excess of transpatory facibities furnished by the
laminar surfaces 13 mamly due to the fact that both the imferior and supenor epidermrs
are provided with stomata (Plate V, Figs 9, 10) The numbers of stomata on the
mferor epidermis are not m excess but rather full short, of those present on the
wfenor surface of the pmnules of Puthecolobium saman, but i the latter, as well
as 1 the other nyetitropic leaves which have been specially considered here, the
superior epiderms 18 entirely wanting 1n them Additional facilities for the occuirence
of active transpiratory loss are, moreover, provided by the extremely open character of the
parenchyma mtervenmg between the pallisade cells and the mferior epiderms (Plato V,
Fig 11) There are thus structural grounds for assunnng that very active trans
pratory loss of flmd must ocour under favourable circumstances, and that such loss
actually takes place 1s demonstrated by the following expermmental data —

Egpersment I —A pot plant of Mimosa pudica bearting seven leaves was taken The
hole 1n the bottom of the pot was firmly corked, and the entire outer surfaco and lip
wero thickly coated with melted wax A glass plate, large enough to cover the mouth,
was then divided imto two halves, and a small picce was filed out it the centre hne of
division, so that when the halves were adjusted to one another they formed a plate wath
a small central perforation lhese wero next luted down with melted wax over the
mouth of the pot, so that tho lower part of the axis of the plant passed through the
central opering and, finally, the hne of diiston and the opeming were also ecarefully
Juted lhe pot was next placed 1 on 1 tically closed chamb a vessel
the weight of which had been determmed, and which contamed 50 grammes of puro
sulphunic aeid, and the whole apparatus was set 1n the open awr m diffused sunlight
Nhe leaves remmued 1n o state of extrcme expansion and elevatr o At the closo of four
hours the sulphunc acxd was removed and wei hed, and the weight amounted to 516
grammes, md an ption of 16 ¢ of water of transpiration  The acd
was now returned to the chamber, and the latter anew hermehieally secaled, and on the
following day 1t wughed 541 grammes, corresponding to an absorption of 4 lce of
water durmng the penod of twenty four hours The cover of the pot was now removed
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and tho carth gently washed away uudor n stream of running water, 87 ns to free the
roots without injury. Tho entiro plant was next woighed, and the weight was ascerfained
to be only 2:03 grammes. A certain amount of the increment in weight which was
sustained Dby tho ncid during thoe course of the experiment must, of coursz, o credited
to the atmospheric humidity of the nir of the chumber; but as the latter was a very
small one, the mass of water furnished by trauspiratory loss during twenty-four hours
must have " weighed nearly twice ns much as the entire plant furnishing it.

Ezperiment II.—A plant with five leaves and weighing 2:32 grammes waos treated
in exactly the same fashion as that in the previous experiment. At the closz of four
hours' exposure the sulphuric acid indicated a guoin of 1:5ec. of water, equivalent to a
mass of more than half the weight of the cutire plant.  (Iide Appendix B.)

The extreme activity of tramnspivatory loss is further very clearly indicated by the
phenomena which attend exposure to direct sunlight.  When the #oil and air are dry
continued exposure to the rays of the sun is followed by a complete assumption of the
nocturnal position by the various parts of the leaves, and, even when soil and air are
both comparatively humid, a very brief exposure to dircet insolation is sufficient to give
risc to various degrees of elevation of the pinnules. The phenomenon is particalarly
striking when it occurs in o large bed of the plant, a portion of which is artificially
shaded, owing to the contrast presented by the fully expanded leaves within the
limits of the shaded area and those in the insolated one. Taking the experimenta
and natural data together, they appear very clenrly to indicate that the diural
position of the leaves is one of very unstable cquilibrium dependent on u definite relation
between supply and loss of weter, and linble to be disturbed by any conditions implying
cither diminution in supply or incrense in loss. The phenomenon of partial assumption
of the nocturnal position by the pinnules under the influcnce of direct insolation. even
where the humidity of the soil is very high, may be taken as indieating  the , existence
of a definite limit to the activity of root absorption; but from experimental data, which
will be furnished presently, it appears not unlikely that another factor comes into Ep]ay
to produce the result. The clevation of temperature which attends direct insolation not
only gives risc to increased transpiratory loss, hut must also cause nin expansion of the
gascous contents of the water-conducting system which may well act as an obstruction
to the passage of liquid along it; so that the departure from the diurnal position may be
owing, not merely to increased transpiratory loss, but to diminished supply of water.
That this is actually the case is certainly suggested by the fact that dircct insolation,
even within a closed moist chamber, is attended by a certain amount of elevation of the
pinnules. Here, of course, the atmosphere is excessively humid, and transpiratory loss is
correspondingly reduced; but assimilatory decomposition of water continues, and if this
coincides with obstruction to the passage of liquid along the water-vascular system, a
certain amount of decrease in turgescence must necessarily ensue. The decres;se. how-
ever, is inconsiderable, and under normal circumstances, neither alone nor in co-operation
with decrease due to coincidently increased transpiratory loss, docs it suffice to determine
the . full assumption of the nocturnal position. It is only under the coincident influences

of dry soil, dry air, and insolation that the full nocturnal position is spontanecously
attained during the day: in other words, it is only attained under circumstances which

imply defective root-supply, gaseous obstruction of the water-vascular system, and
cxcessive transpiratory loss.
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The position of the vanous parts of very young leaves, i which penodic movements
tavo not yet begun to wmamfest themselves, 18 ms follows —The prmary petiolo 13
oxtremely divergent from the line of the awis, so that, where the latter 1s vertical
1t 1s ather shghtly sscending, honzontal, or slightly depressed (Plate I, Figs 13,
12, 18, Plate V, Fig 14) lhe ponee ero closely gent and bent backward
at an scute angle over the upper surface of the pomary pehole, the rachises of the
Losal pouwr usunlly haviog ther vpper surfaces directed more or less mwards, so
that the edges of the closely folded pumnules are directed obhiquely outwards and
mwards m place of dwectly upwards and downwards, and the distal pone  are
overlapped and partially concealed The pionules, which from the outset are fully
exponded, are closely comvergent, and have ther midnbs diected upwards and
forwards st an scute angle to the hue of the secondary rmchises As time goes on, the
prmary pehole longthens, but retmns its previous poution to the ams, and the punne
graduslly become Srst erccted and then bent bachwards, so as to he m the same plane as
the pnmary petiole or shghtly ascending from 1t, and at the same time become shghtly
divergent (Plate J, Figs 11, 12, 18) When periodic movements first appear they sre for
a time contined solely to the pnmary petiole, which dunng the day undergoes elevation o1
convergenco towards the asis, and nocturnally returns to 1ts omgmal positon of extreme
divergence or shght deflection The amount of dmrnal displacement 1s at first very small,
but undergoes Tapid merease, and with this movements determimng dirnal divergenco
-nd nocturnal convergence of the pinnz begn to fest th 1 Fially,
appear m the pionules slto, leading to steadily inercasng dwrnal divergenco ond
depression and to a certamn amount of rotstion downwards of the postencr or cuter half of
the lamipa slternating with nocturnal convergence, elevation, and reverse rotation  When
movements are at a maximum, the diurnal and nocturnal positons of the vanous patts
of the leaves are normslly as follow —Dwrnally the primary petiole usually les at an
acute angle to the axs, but the degree of convergence vanes greafly m different mstances
and under differing conditions, owing to the influence of vamatiops n the amount of
the leverage exerted by the distal parts of the leaf The ponz ho slmost n the somo
plane as the pnmary petiols or shghtly ascending from 1t and are widely dwvergent, the
tivergence of the basal ones bang Srequently so grest as to exceed a mght angle, so that
they ere durected shghtly backwards (Plate V, Fig 12) The pnnules he with then upper
surfaces facing directly upwards and therr nudmbs widely divergent (Plate V, Figs 2, 4)
The divergence vames 1n different parts of the piona the lower pmnules beng frequently
durected somewhat backwards, the central ones at nght angles to the secondary raclus, and
the distal ones nchmng forwards As the pmnules are set on very closely, the intervals
between them falhng very consderably short of the breadth of mndividual lamunwm, ot 13
very seldom that the entire surface of any pinnule 18 entirely exposed, and, as & rule »
cortan amount of the antemor half of each succesnve lamna 18 concealed by the posterior
half of the succeeding one (Plate V, Fig 8) In the moximal normal pocturnal
position  determmed solely by absence of photic stmulation, the primary petioles
Lo nestly at mght ongles to the ams, that 19, 1 cases where tho Intter 18 vertieal,
somo are homzontal, others shghtly ascending and still others shghtly descending  The
sccondary raclises ure closely comvergent and shghtly elevated, snd the lower pmar are
rototed, so that thewr upper surfaces aro directed moro or less wwards The pnules are
closely convergent, so that tho two Tows sre 1n contact with one another, the upper sur
faces of the lammm facing directly 1nwards end the lower ones durcetly outwards (Ilate ¥,
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¥ig. 1). The midrl is directed upwards and forwards at an acute angle to the
line of the sccondary rvachis, so that the true posterior or outer surface of the keel
faces upwards and backwards, and the anterior, or axillary surface, downwards and for-
wards. The’ movement accompanying the tramsition from the diurnal to the nocturnal
position is thus evidently not of the simple nature of that in the pinnules of Pithecolo-
bium, but one in which convergent elevation is combined with rotation as it is in the
pinnee of Cassia alata or the pinnules of Leucwna glauca. The ultimate depression of the
midrib which is so conspicuous in them is, however, absent, apparently in relation
to the absence of such a considerable accumulation of pulvinar parenchyma over the base
of the under surface of the outer half of the lamine, and therefore to the upper side of
the keel of the midrib in its rotated position, as is present there.

The phenomena of periodic movemenis in AMimose pudica once more afford a
striking example of the fact that the assumption of the diurnal position implies a
departure from a previously permanent one, and assumption of tho mocturnal one a return
10it. This holds good for every part of the leaves, for, although according to ordinarily
accepted belief, the normal noctwrnal position of the primary petioles is onc of deep
depression, this is most certainly not the case in heslthy plants exposed to natural condi-
tions and which have not been cxposed to any disturbance.

Under such circumstancas the nocturnal position of the primary petioles is one of pure
reversion to the originally permanent one of slight clevation (Plate V, Fig. 14), hori-
zontality, or slight depression; but it differs from it in being a very unstable one which
is very readily replaced by one of extreme depression. Very slight mechanical disturbance
is enough to secure displacement from it, and it is, therefore, only on still evenings that
the leaves retain their normal position as determined solely by absence of solar stimulation.
Deep depression of the primary petioles is not & normal nyctitropic phenomenon in healthy
plants exposed to natural conditions, and when it is present it is owing to precisely the
same causes which give rise to its appearance dwring the day. The causes act with
great readiness because the normal nocturnal position is one of extrems instability,
connected with depression of osmotic property in the pulvinar parenchyma which
makes for elovation ("ide Appendix C), but they do not differ in mnature from those
acting diurnally in any respect. Under these circumstances it is & matter of surprise to
find such a skilled observer as Sachs asserting that there is a difference in the condition
of the pulvinar tissues according as the position of deep depression is a nocturnal or a
diwmal one. According to him diurnal depression following the incidence of mechanical
impulses or other so-called stimulant agencies is associated with diminished turgescence of
the pulvinar tissues, so that the leaf swings freely in pendalum fashion; whilst in
nocturnal depression no such diminution oceurs, and the position is a rigid one* As
the position in any case has precisely the same causation, it would be strange indeed
were any such difference present, but as a matter of fact it is not. This is only an
example of various authoritative state nents regarding the phenomena presented by the
leaves of Mimosa pudiza, which are most certainly absolutely incorrect as regards plants
grown under normal circumstances (Vide Appendix D). 'The phenomena may present
themselves in the case of pot-plants with limited root supply and exposed to the abnormal
atmospheric conditions ordinarily present in conservatories, Lut they certainly are mot

present under natural conditions, and therefore cannot be regarded as noimal to the
plant. ’

* Sachs, Vorlesung, £XXVII, s. 78Y.
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The penodic movements of the leaves of Mimose pudica are not only typeally nycti
tropie m respect of the nocturnal position being ome of reversion to & previously permanent
one, but also in respect of the pl of the of the meximal nocturnal
posttion dunng the first part of the mght aod gradual departure from 1t subsequently
quite apart from eny phouc influence The amount of reverson towards the diurnal
position exhibited by the pnne and pmnules 13 comparatively shight, but elevation of
the prumary petiole during the later hours of the mght advences so far that 1n plants
exposed to normal condut the 1 el for tho twenty four hours 1s attamed
immediately before sunnce Thus at first s1ght appears to be an anomalous phenomenon,
but m reality 1t may be readily accounted for ‘The maximal elevation which oceurs before
sunnse 18 not to be regarded as mdicating that the infenor parenchymal tissue of the pn
mary pulvinug then sttams 1t maximal turgescence, and, consequently, its maximal strength
It merely mdicates the presence of relative maximal strength m relation to distal
leverage The 1oferror mass of pulvinar parenchyma has constantly not merely to con
tend with the depressant action of the superior one, but also agmmnst the leverage of the
distal portions of the leaf Both of theso are subject to vanations, and the action of the
leverage 13 so mmportant as an agent 1o determiming the exact poution at any given trme
that any commderable reduction of di-tal weight may not merely equilibrate a temporary
merease 1 relative strength of tho supenor mass of pulvisar parenchyma, but may well
go forther and secure that the entirc remstanco which the inferior mass has to overcome
shall actually attan a under the

The 1mport of distal 1 ge 83 a factor 1 affecting the posmon of the
pnmary petiole quie apart from any alteiations 1o the re'ative strength of the oppoung
masses of pulvmar parenchyma, 13 indicated very clearly by the phenomena which follow
amputation of the pmnze of fully expanded leaves (sde Appendix A) The first effect of
thus normsily 18 to gwve mso to rapid and excessive depression of the jetiole, but
elevation soon sets i aud advances so far that the petiole not mercly rapully regmins its
ongal position, but becomes much more elevated or convergent to the lne of the aus,
than 1t wos whilst the leaf was mtact Lhe effects of alterations in distal levernze on
the position of the prmary petwole are also very conspicuous mn cases 1 which the pinne,
m placo of being removed, are merely exposed to conditions determiming conmderable
dimmution m ther waght When a plant, the leaves of which aro fully expanded, 1<
suddenly tramsferied to an atmospliere very much dmer and conuderably warmer than
that to which 1t had previously been exposed, elevation of the pinnules begins alnost
mmedistely and advances rapdly until they hase complotoly assumed the noctwinal
position  This phenomenon 15 clearly owing to Joss 1 aetive turgescence connected wath
sudden and excessive transp y loss p d by cbstructive expansion of the
goscous contents of the water vascular system  But the primary petioles show no tendency
to nssume the position proper fo the early part of the mght They show no tendency
towards depression, but, on the contrary, gradusily become very Mighly elevated It
cannot be mmegwed that this 13 the result of any increase i the absolute strength of the
mass of mfenor pulvinar parcnchyma which makes for clevaion The tissues m the
pulvim, whethor petiolar or pmnular, must alike be subject to dummnution 1n turgescenco
and consequent loss of cbsolate strength wander the arcumstances to which the
plant 1s exposed, but the loss in strength i those pulvinar ticwues 1n the pnmary
pulvinus  wiluch make for elevstion 1s more than counterk \! d by the ve
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transpiratory loss in weight and levernge of the pinnee, and this is of course equivalent
to increased relative strongth in the portions of the primary pulvinus which make for
clovation.

Tho oxcessive clovation of the primary petioles during the later hours of the night
is owing to a similar disturbance in the relations existing hetween pulvinar strength and
distal levernge. The diminution in distal leverage in this case is not, Jiowever, owing
to excessivo transpiratory loss in the distal parts of the leaves, hut to continued absence
of nssimilation and coincident continued respiratory loss, The position of the primary
petioles at sunset is no doubt partielly determined by the fact that the inferior mass of
parenchyma contains an excess of tissue linble to rapid filtrative loss of fluid on the
cessation of the active assimilatory formation of wunstable osmotic products consequent on
removal of solar stimulation, whilst transpiratory loss continues to procced, and a certain
amount of departure from the maximal nocturnal position might nnturally be expected to
occur under the influence of cessation of transpiratory loss and continued root-supply. The
departure would not, however, proceed so far as it does and lead to maximal elevation just
before smrise, were it not for the steady decreaso in weight of the distal portions of the
leaf dependent on continued respiratory loss; for the hours of darkness correspond to a
period of fasting during which continuous expenditure takes place without corresponding
addition of new materials derived from extrancous sources, and consequently loss in weight
must occur. On renewed solar stimulation the pulvinar tissue increases in turgescence and
ahsolute strength, and the inferior mass of parenchyms undergoes relative increase in
strength in respect to the superior one, but not in proportion to the inereased weight of
the distal parts of the leaf which takes place in consequence not merely of their increased
turgescenee, but fo the gradual accumulation of fixed products of assimilation which takes
place within them under the influence of sunlight. Masximal clevation can thus no
longer be maintained, but progressive descent sets in and attains o maximum when the
removal of solar stimulation occasions general Joss in turgescence at a period when the
accumulation of the fixed products of active assimilation has attained its maximumm. The
accumulation of assimilatory products in the pulvinar tissues does not render them more
powerful to vesist leverage save in so far as it affects the osmotic properties of the
cell-sap; but the accumulation within the distal parts of the leaf renders them heavier,
and therefore more resistunt to the elevating action of the inferior mass of pulvinar
parenchyma.

No such anomalously excessive departure from the primary nocturnal position occurs
in the sccondary rachises and pinnules. Tho reversion towards the noctwrnal position
exhibited by them during the later parts of the night is limited in extent and is of
precisely the same nature and origin as that oceurring in nyetitropic structures generally.
It is owing simply to the fact that, on the removal of solar stimulation, greater filtrative
loss of fluid takes place from those tissues which make for the diurnal position than
from their structurally stronger opponents during the period in which active transpiration
continues, and that during the succeeding period of continued absence of transpiration
and uninterrupted root-supply all the tissues alike have the opportunity of fully satisfying
the osmotic capacity which they possess apart from solar stimulation, wlich implies a
certain amount of increase in relative strength in the tissues which make for the diwrnal
position and which had previously suffered most from filtrative loss. But, in the case
of the primary pulvini, this occurs during a period in which the tissue which gains in
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relative strength 13 opposed by progressively dimimshing dista] leverago which 15 cquiv-

alent to 1ts und prog ve aud 1 mcrements m relative strength

The structural features in the motor organs of Mimosa pudica which determimne the
occurrence of the various periodic movements are parallel to those which we have already
found to be charactenstic of those of other nyctitropic leaves As in the case of the
latter, the opposmg masses of pulvmar pmeuchyma appcar at o relahvely late penod

i the development of the leaf and are not devel ly, the devclop of
the masses which make for the dwrnal position !ugr'mg behind that of thewr opponents
In the case of the pnmary pul the antecedent development of the mass of tissue

which makes for the noctwrnal poution 1s clearly ndicated by the fact that, for a
considerable time cre penodic movements set 1w, & process of contmuously mmcieasng
divergence of the prmary petmle from tho hme of the axis manifests aself, which
ultimately leads to 1ts $ position corresponding to the pnmary
nocturnal position of a later strwe of development At hrst sight 1t might appeor as
though the permanence of the powtion were anomalous, and as though movements of
nocturnal convergence sumlar to those occurnng m young leaves of Pifhecolobium ought
to attend the nocturnal loss mn turgescence of the growing mass of purenchyma overlymng
the vascular auts of the pulvinus There 15, h y DO app )! d of therr
occurrence, end as o matter of fact there 13 no reason why they should eccur

The conditions are not parallel m the two cases In Puthecolobium saman the mass
of pulvinar tissue which leads to divergence has not only to overcome the remstance
of a relatively strong vascular axis, but also that of an antecedently developed mass of
pulvinar parenchyma meking for elevation, whereas i Mmosa pudica, during the penod
at wiuch progressive disergence of the primary petwole advances continuously, the
accumulation of pulvinar tisue moking for convergence has not yet begun to make
1ts appearance, and the axial cord of vascular tissue 13 very weak, and from its
flattened form, specially flevible m a vertical direction, so that, so long as it
unmded, 1t 13 1mcapable of producing any eppreciable effect in ressting the pressure
of the amllary parenchyma emded by the rapudly inereasing leverage of the distal
portions of the leaf bearng on the contmuously elongating pettolar lever

In the moture prmary pulvint the aws eonsists of a sohd cord of soft flexible
wood, surrounded by a sheath of bost and contamng no medullary tiswe It 1s
compressed vertically, so as to present an oval figure with the long diameter horrzontal,
and 13 surrounded by o thick mass of parenchyma (Plate VI, Figs 2, 08) As the outhne
of the pulvinus as a Whole 18 more arcular, 1t neces=nn1y follows that the masses of
parenchyma lymg to either side of the fibro vascular axis are thinner than those
which lie sbove and below 1t The latter, moreover, are not of equal tluckness, for
the superior one 13 ounly shghtly thicker than the fibro vascular bundle, while the
snferior one 13 conuiderably so (Plate VI, Fags 1, 2, 06) The vertical measurements of
the masses sbote and below the fbro vascular bundle of the latter, and of the pulvinug
as a whole, m the specimen 1llustiated m the figme weie as follow —

Vertical th okness of entire pulnnus 1™tmm
, " upper parenchyma 0sr
. . fibro-vascular bundle 051,
» » lower parenchyma 068,
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Mhe measurements in a section derived from another pulvinus were the following :—

Vertical diameter of the entire pulvinus we 1'59 mum,

» » ,»  upper parenchyma - we 054

” » ,  fibro~vasoular axis .. 045 ,,

1 " » lower parenchyma we 060,
Thickness of cell-walls in superior parenchyms == ... 0-0036 to 0-0064 ,,

" ” " inferior parenchyma = ... +.0°0018 ,
Transverse dismeter of the entiro pulvinus e 177,

» ” » lateral parenchyma ... e 087,

» » s fObro-vaseular axis .., e 063

’ ’ » loteral parenchyma .., e, 0BT,

These figures very clearly show the vertical compression of the pulvinus as
a whole, and also the excess in vertical compression of the fibro-vascular bundle, the
horizontal diameter exceeding the vertical one by only 10-8 per cent. in the former and
by 22:6 per cent. in the latter case.

This, however, is mot the only difference between the opposed masses of
parenchyma which make respectively for elevation and depression. Both are alike in
being composed of two distinct strata of tissne. The outer of these is relatively dense in
texture, the individual cells being separated from one another only by minute angular
intercellular spaces like those present in the pulvinar parenchyma of Pithecolobium saman
and Leucena glauca, while the inner one is of very open character, being permeated
throughout by a very extensive and highly developed system of huge intercellular spaces
(Plate VI, Figs. 3, 4, 12). The characters of the cell-walls also differ in the two strata.
In the outer one they are provided with numerous small pits like those in the walls
of the pulvinar cells of the other nyctitropic leaves which have been previously
deseribed ; but in the inner one, in addition to such pits, they are provided with others
of a much more elaborate character and of much greater size. The latter pits have a
more or less circular or oval outline and a thickened rim, and are closed by a delicate
membrane which in its twrn shows secondary pits or actual orifices of small size and
varied outline (Plate VI, Figs. 8, 4, 12). The majority of these large pits appear to be
situated so as to abub on portions of neighbouring cells, but some of them appear to be
in direct relation to the great intercellular spaces of the tissue. The walls of the
cells entering into the constitution of the outer stratum of tissue of the parenchyma lying
above the fibro-vascular bundle are about twice as thick as those of the corresponding
stratum  lying beneath it, The walls of the cells in the deeper strata botfl
above and below the fibro-vascular axis do not differ from one another to an
appreciable extent, and are alike of very considerable thickness save within the area?;j
of the pits. The cells throughout the entire thickness of the parenchyma both above and
below the bundle contain chlorophyll, but the numbers of chromatophores in the cells of
the deeper stratum of tissue are much greater than those in the superficial one, and this
implies a corresponding excess of chlorophyll in the inferior as compared with t}’\e superior
mass, seeing that the excess in thickness which the former presents is entirely owing to
an excess in the thickness in the deeper stratum of its tissue, the thickness of the supt;rﬁ-
cia% stratum being alike both above and below the fibro-vascular axis. The line of demar-
cation b?tween the t.WO strsf.ta of tl.ssue is rendered very conspicuous, even under very low
maguifying powers, in sections which have been momentarily immersed in a 2 per cent,
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aqueous solution of osmic aad and mounted m saturated solution of acetate of potash
The superficial stratum then acquires a strong brown madder tmt, whilst the decper one
remamns almost unaltered 1 colour, and sections which have been treated in thus fashion
consequently afford a very clear demonstration of the distnbution of the two strata
throughout the pulvinus, and of the fact that the excess in thickness of the mferior mass
of parenchyma 1s owing to the deeper stratum of tissus on its attarming a greater thick
ness than 1t does m the supenor one (Plate VI, Figs 1,2) The distmetion between the
two strata of the parenchyma comes out less clearly, but s still quite recogmsable, m
preparations which have been subsequently stamned with pierocarmine  (Plate VI, Fig 6)

The structural features presented by the prmary pulvinus of Mimosa pudiea sre
thus of a nature readily to account for the occurrence of periodic movements 1 the pm
mary petiole The persistently soft, flexible consstence of the fibro vascular bundle, s
vertical compression, and 1ts relatively small bulk m relation to the masses of pulvmar
parenchyma, umte to render it pecuharly lable to vertical flexion 1 connection with
alterations 1n the relative strength of the over and nnder lying masses of fissue, and the
structural peculiamties which the latter present secure that such fluctuations shall ocour  The
characters of the cell walls 1n the superfictal strata m the superior and fertor parenchyma
nply an excess of structural strength in the former, and the greater thickness of the deeper
stratum m the inferior parenchyms secures an excess of functional strength and additional
structural weakness 1n 1t Owing to its textural pecubanties, the nferor mass of paren
chyma must necessarily be hable not only to much greater but to much more rapid
fluctuations 1n turgescence than the supenor one, the greater mass of tissue rich 1o cho
lorophyll accounting for 1ts habibty to excessn fluctnations of turgescence, and the excess
of tissue providing speaal factlites for fltraton allowing for such fluctuations taking
place 1n large amount with great rapidity The greater thickness i the cell walls of the
outer stratum of the parenchyma lymg sbove the fibro vascular axs confers greater struc
tural strength on 1t then that which 13 provided by the textural features of the corre
sponding  stratum on the underside of the pulvinus, and the excess in thickmess of the
deeper stratum i the mass lying beneath the axis secures greater functional strength and
also greater facilities for rapid filtrative loss of turgescence there, owing to the excess which
1t mphes of open and elaborately pitted tissue abundantly provided with chlorophyll
T here 1s nothmg to lead to the behef that the individual elements 1 the deeper stratum
of parendirymn s1e Whely to wndergo greater burgescence wnder eolex shmulefion wn that
portion of 1t underlying the fibro vasculor axis than 1o that which les abave the latter,
but the number of elements present m the former eto Consderably exceeds that in the
latter, so that under solar stimulahon a greater general mse 1 turgescence must occur 1
the inferior than i the supenor parenchyms as a whole Conversely the loss m turges
cence sttending removal of solar stumulstion must guve mse to greater total loss of turges
cence 1 the lower than 1n the upper or axillary mass of parenchyma, and therefore,
apart from any mterfering factors, solar stimulation would necessanly give nse to
convergence or elevation of the petiole, and absence of such stumulation to divergence or
depression  But, as has been elready ponted out, a very powerful mterfering factor 18
provided by the varations in weight of the distal parts of the leaf The leverage everted
by the distal parts of the leaf co operates constantly with the axillary mass of parenchyme
1n making for depression, 1t 13 not, however, & constant quantity, but one which 1s subject
to undergo very considerable vanstions It 1s & factor the power of which normally nses
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under the same circumstances as the strength of the mass of pulvinar parenchyma making for
clevation increases, and hence, under normal circumstances, maximal elevation of the prim-
ary petiole does not coincide with maximal strength of the parenchyma making for cle-
vation. The sirength of the latter, in so far as it has to contend with the opposing mass
of pulvinar parenchyma, rises under the influence of solar stimulation; but this increase is
apparently more than discounted by the coincident rise in distal leverage, so that,
although its strength attains an absolute maximum under such circumstances, the tissue is
relatively weaker in respect to the total resistance which it has to overcome than it is
under the influence of continued absence of photic stimulation. ‘

The structural peculiarvities of the leaves of Mimnsa pudica do mnot, however, merely
provide facilities for tho occurrence of extensive movements of the primary petiole in
connection with variations in the degree of solar stimulation of assimilatory function in the
tissues, but also for the ready occurrence of such movements under the influence of various
other conditions. The primary petiole is constantly in a position of extremely unstable
equilibrium which is determined by the action of the superior pulvinar parenchyma and the
leverage of the distal parts of the leaf ou one hand, and of that of the inferior pulvinar
parenchyma on the other. Any alterations in distal leverage or in the relative strengths
of the opposing masses of parenchyma must inevitably lead to movements of the petiole
in one direction or another. Any increase in distal leverage must tend to induce
depression or divergence of the petiole, not merely in connection with coincident com-
pression of the tissue of the inferior pulvinar parenchyma, but becauss of the increased
filtrative loss of turgescence which this implies; and any decreased leverage to corre-
sponding elevation up to the point at which the cells of the inferior parenchyma have
attained the greatest degree of turgescent increase in capacity of which they are capable.
But variations in distal leverage do mot take place solely in connection with variations
in the conditions of assimilatory activity of the tissues. Any addition of weight to the
distal portions of the leaf whether of intrinsic or extrinsic origin, or any additional
pressure on the upper surface of the petiole, imply corresponding increments of leverage,
and hence we find that, especially when these are developed suddenly, they are liable to
be followed by depression of the leaf. On the other hand, we have already seen how
rapid loss of weight in the distal parts of the leaves, as the result of excessive
evaporation there, may lead to extensive movements of elevation.

The tiswues of the primary pulvinus not only provide facilities for the occurrence
of extensive movements in the primary petioles, but they are further especially adapted to
permit of these movements being executed with great rapidity under certain circumstances.
The fibro-vascular bundle is permanently weak, soft and flexible, and the mass of pulvinar
parenchyma which underlies it presents excessive structural facilities for rapid filtrative
redistribution of large masses of fluid within its deeper stratum, with its thick-walled
and elaborately pitted cells and great system of intercellular spaces. We have already
geen that rate of movement is directly related to the degree in which the pulvinar tissues
present structural p(?culiarities favouring rapid alterations in turgescence, and that the
tissues in the primary pulvini (angl specially in those poitions of p.arenchyma. underlying
the fibro-vascular axis of the primary pulvini of Mimosa pudicu) are endowed with such
peculiarities in exceptionally high degree. The supcrior mass of pulvinar parenchyma,
aided by the leverage of the distal parts of the leaf, is constantly'making strongly for
depression of the primary petivle. Elevation is only maintained by means of active
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turgescenco of the mferior parenchymn sustamned m spito of excessive local facalities for
rapud filtrative eseapo of flud and the eombmed compressant action of the supenor paren
chymn ond distal leverage, fo that anything gmiving nse to sudden loss of osmotic pro
perty 1n the cell sup, to sudden duminution m the supply of flud to satisfy the osmotic
capacity of the latter, or to sudden incresse 1 the conditions of local pressme affectng
filtration must mevitably lead to suddcn Active t of the excessive
1y porous tissue of the decper stratum of pulvinar parenchyma can only be mantrined
as the result of the continnous sdditien of tughly osmotic end unstable assumlatory pio
ducts to the cell sap with comerdent abundant supply of flud to male good the constant
filtrative loss wlich 1 gomg on 1n the tissue, and 1t 13 only under conditons of high
turgescence that the imferior mass of pubunar parenchyma 1s able to overcome the con
jomt action of the supenor muss and of dusta) levernge so long as the lutter 13 mam
tamed 2t & high lovel Tho supertor mass of parenchyma 13 not devord of trssue pre
senting epecial feeihtics for rapid redistnbution of flud, but 1t contans much less of such
tissue than the supenor one dacs, and hence any conditions determtming general loss m
turgeseence must produce greater and more rapd weakemng of the infunor than of the
superior mass  Under ordmary arcumstances the loss of stiength mn the supemor mass
15 thus concealed by the greater loss taling place m the wmfenor one, and 1t 1s only
where the action of any agent inducing a fall m turgescence 13 carefully Iimited to the
supertor mass that we have any indices to its aetion upon 1t (e Appendix B)

The etructural peculianties permitting of the ocourrence of rapid loss i turgescence m
the infenior mass of pulvinar tissuc also permt of rapid gain, processes of rapid endos
mose bemg provided for by tho excessively porous character of the cell walls and the
abundant chlorophyll contents of the decper stratum of tissue  The process of elevation 1s
of course, mever 60 rapid as that of depmession, becanse 1t 18 remsted by distal leverage
and 18 mmnly carred out by osmois m place of filration, but 1n spite of this 1t 1
very much more rapdly conducted thaw 1t 15 1 cases wheie the pulvinar tissues do not
pronde the same faclities for ramd abeorption of flud, and under favourable circum
stances of 1illumination and water supply, its progress 1s readily wisible to the unaided
eye (21de Appendix B)

The structural pecularties of the inferior masses of puluinar parenchyma m the
primary pulvim of Mimosa pudica unequwvocally provide facilities for the occurrence of sudden
loss of turgescence i the tissuc, but the movements in the prmmary pehioles sre not
mvanobly soddenly executed The capacity for the occusrence of sudden movements 18
dependent on the presence of certumn structural peculanties facilitating rapid movements
of fimd m the tissues, but the actual occwrrence of sudden movements even i cases
where such peeubanties are present m very high degiee, depends on the sudden m
adence of condittons making for the redistnbution of flmd  Hence m Wimosa pudica
any gradual dimiution 1 water supply only canses gradual movements 1n the primary petiole
m spite of the excessive tevtural fachties for escape of flmd from the tissues of therr
mator organs, end, further than thus the effects of gradual local alterations 1 fur
gescence 1n the latter may be more than d ted by d 1} m distal
leverage, so that elevation 1n place of depression may occur It 13 only under such ar
cumstances, however, that movements of thus roversed character are present in connection
with lost of strength m the nfemor as compared with the supertor pulvmar paren
chyma 'They mever occur 1n conncetion with conditions implymg local inciease 1n
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filtrative escape of fluid from the inferior pulvinar tissues dependent on local increments
of external pressure there. Such increments do not, of course, affect the leverage of the
distal portions of the leaf, but merely give riso to modifications in the relative strengths
of the opposed masses of pulvinar parenchyma of such a nafure as to confer increased
relative strength upon the superior one; and hence the movement of the petiole follows
a normal course and depression results. '

The secondary pulvini differ structurally in many respects from the primary ones,
and much more closely resemble the pulvini of common nyctitropic leaves than the
latter do. The fibro-vascular axis, like that of the primary pulvinus, has the form of
a solid cord devoid of any medullary content, but it is only slightly flattened vertically,
and therefore preseuts no special facilities for flexion in one direction rather than another
(Plate VI, Fig. 5a). The following figures show the measurements of the various portions
of two sections derived from distinet pulvini; the line of section in the first case having
fallen parallel with the length of the fibro-vascular bundle (Plate VI, Figs. 7, 8), and
in the second at right angles to it (Plate VI, Fig. 5a)—

Section 1.—~Total breadth of pulvinus we 1005 m.m.
Breadth of external mass of parenchyma . 033 s
s fibro-vascular bundle - .. 033 s
” axillary mass of parenchyma . 0345,
Section 2.—Transverse diameter of entire pulvinus ... . 108 »
»” »  of outer parenchyma . 033 .
" »  of fibro-vascular bundle. . 039 .
5  of axillary parenchyma .. 036 .

”
Thickness of cell-walls on the outer mass of parenchyma 0-:0018 to 0-0036
»  of cell-walls in axillary mass of parenchyma 0-0018 to 6-:0027

Vertical dismeter of entire pulvinus N A8 » .
” ” superior parenchyma e .. 039 .
’ ’ fibro-vascular bundle s 038 "
’ . inferior parenchyma . 039 s

These figures show that the fibro-vascular bundle is much more rounded than in the
primary pulvious, and relatively strong in relation to the surrounding parenchyma in
every direction; and also that the pulvinus as a whole, in place of being flattened
vertically, is somewhat compressed laterally. The horizontal diameter of the fibro-vascular
bundle sometimes, as in the second section, slightly exceeds that of either of the lateral
wasses of parenchyma and, in other cases, falls slightly short of that of the inner one
as in the first section. The walls of the cells in the outer mass of parenchyma are somei
what thicker than they are in the axillary one, but no such conspicuous differemce in
this respect is present here as in the case of the cell-walls in the superior and inferior
parenchyma of the primary pulvinus., The tissue of the internal or axillary mass is
slightly richer in chlorophyll than that of the outer one. There is no evidence of the
presence of two structurally distinct layers in the - thickness of the parenchyma. It
(.iarkens uniformly down to the bundle-sheath under treatment with some acid. and 1;here
Is an entirc absence of any great system.of intercellular spaces like that in ’the deeper
stratum in the parenchyma of the primary pulvinus, A certain number of colls provié)ed

with large and elaborate pits is, however, present in the immediate neighbourhood of the
bundle-sheath ; but these cells do not form.a continuous layer,

. , and th i 1
distributed. The only features, then, which distinguish the axill e gy

ary from the outer mass of
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parenchyma, are shight excess m bulk (Plate VI, Fig 7) slight excess m the thickness of
tho walls of the constituent cells, and shight excess m chlorophyll content There are no
trinue structural features m the secondary pulvin: umplying such stability m equlibram
of positzon as there are m the pnmary oues, and, 1 addibon, so long as the prmary
petiole 18 not deeply depressed, distal leverage does not come mto play as an extrnsie
factor of disturbance and with this we find much less hLability to the occurrence of
extensive and especially of rapid extensive movements 1 the secondary rachises than m
the primary petiole  Very derable periodic s of diverg and

are regularly carmed out as in other nyetitropic leaves :n connection with the mcxdeuce
or removal of solar stimulation, but there 15 very much less tendency to tho oecurrence
of and rapid under the nfluence of other factors than there 1s 1n
the case of the primary petioles snd pmnu!es—cond.\tmns which determine the fullest
depression of the primary petrcles and s of the pinmules often leaving the
secondary Tachuses almost entirely unaffected (Plate V, Figs 12, 13), and, 1f the minnsi,
structural pecubanties of the tissues of the secondary pulvimi alone be mken mto account

tins 13 Dot so much & matter for surprise as that extenwve movements should occur at all

The opposing masses of pulvinar parenchyme acting on ho relatively strong hbro vascular
cord differ so shightly m character from one another that, if attention be hmited to them

1 would be bard to explan the occarrence even of regular nyctitropie movements of an
extensive character There are no int 1es present in the pulvim
to justily us m supposing that any very couaderable ﬂuctuahons m the relative strengths
of tle axillary and external masses of pulvinar parenchyma take place, and m spite of
this, very extensive movements of convergence and divergence regularly succeed one
another every evemng and mormng When, however, the relations of the opposut £ masses
of purenchyma to neighbouring parts are taken into secount, this spparent anomaly dis

appeets (Plate VI, Figs 9, 10, 11) The base of the outer mass of parenchyma 1s
immediate contact with a mass of tissue projecting i bracket fashion from the aws, snd
composed of very deheate cells poor 1 protoplasm aud specially poor m chromatophores

The lower poruons of the amllary masses, on the other hand, are exther m close contact
with the side of the rachis, which presents httle compressable fissue, or 1 the case of
terrunal pulvini, with the corresponding ma s of the neighbourmg pul The bracket
or cushion on which the base of the outer mass rests 13 compo ed of tissue which 1s wenh
ahke structurally and functionally, end quently presents hitle resistance to com

pression, so that, when turgescence 11ses m the axllary porenchyma displacement 1s
effected mot so much by compression of the tissue of the outer parenchyma as by com

pression of the bracket upon whi b 1t rests There 18 probably only sn inconsderable
excess in nse 1n turgescence 1 the axmilary mass as compared with the outer one under
the nfluence of solar stimulation, but the mse that does ocour acts at dan advantage m
effecting displacement because 1t has a resistent basts to woik upon  The turgescent
tissue of the axillary parenchyma 1s supported by the resmtance of the lateral surfuce of
the rachis or by the equally turgescent tissue of the neighbouring pulvinus, whereas
the external parenchyma Tests on an insecure foundation, and readily sustains displace

ment From its relattons to neighbounng parts the axillary tissue, when sts turgescence
nises under solar stimulation, 13 able to overcome the resistance of the relatively strong,

passively convergent fibro vascular bundle, which receives hitle support from the external

porenchyma owimng to the insecure foundation on which the latter res's  The struggle

Asy Rox Bor Garo Cawcvrrs Vou VI
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in this caso also is one which is principally maintained between the fibro-vascular tissue
and the axillary parenchyma, the cxternal parenchyma from its unstable foundation being
incapablo of making actively for convergence to any considerable extent. There is
therefore no difficulty in seeing why rise in turgescence in the pulvinar parenchyma,
although it be fairly uniformly distributed, should be followed by movements of diver-
gence of very considerable magnitude; and there are structural reasons to account for
the fact that, as a rule, movements of any kind should he conducted only gradually.
Both in their structurnl features, and in the charactors of the movements which they give
rise to, the secondary pulvini of Mimose pudica much more closely resemble the pulvini
of common nyctitropic leaves than ecither the primary or tertiary pulvini do. The
amount of tissue favouring cxceptionally rapid redistribution of fluid which they contain
is trifling in comparison to that present in the primary pulvini, and it is not normally
exposed to nearly so much resistance as it is in theso. In tho primary pulvini there is an
abundance of tissue liable to exceptionally rapid filtrative loss in turgescence, and strug-
gling with oxcessive resistance dependent on intrinsic pulvinar conditions and distal lever-
age. In the secondary pulvini both the amount of such tissue and the resistance to
which it is exposed are very much less, so that it would he strange indeed were the
capacity for rapid movoment alike in tho two cases. So long as the primary petiole is
not deeply depressed, leverage does not come into play in making for convergence of the
secondary rachises, and with this we frequently find sudden movements of them almost
entirely absent, and, as a rule, at the utmost very limited; but when deep depression of
the primary petiole does occur, distal leverage begins to act, and a correspondingly
increased tendency to the occurrence of rapid and considerable convergence of the
secondary rachises manifests itself under circumstances leading to decreased turgescence
in the secondary pulvini.

The tertiary pulvinus differs as strikingly in structural features from the secondary
one as the latter do from the primary. The entire organ is greatly compressed
vertically so as to present an elongated clliptical figure, and its fibro-vascular bundle
has the form of a broad flattened strip traversing the centre of the parenchyma
(Plate VI, Fig. 18). The following are the measurements of the various parts of
the section from which the figure +was obtained:—

Transverse diameter of entire pulvinus e wee 0735 m.m.
Thickness of parenchyma to the left of the fibro-vascular bundle ... 0-12

7

Breadth of fibro-vascular bundle .. .y 048
Thickness of parenchyma to the right of the fibro-vaseular bunclle...' 0-135 ”
Verticol diameter of entire pulvinus . 039 )
” s»»  of superior parenchyma e 018 y
’ »  of fibro-vascular bundle «. 006 "
” »»  of inferior parenchyma e 015 8
Thickness of cell-walls of inferior parenchyma .« 00054 ;
’ wow of superior  ,, wo 00009 ”

bH

It is evident that the extreme vertical compression of both the entire pulvinus
and of the fibro-vascular bundle provide even greater facilities for verticalp flexion
th.an are present in the primary pulvinus. The organ has not, however. to stru‘ le
with any excessive distal leverage as the primary pulvinus has, and r;cticall g%ve
may regard its position as determined simply by the conﬂicting’ forces I:f the inyf-eyior
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and supenor masses of parenchyma and the normal pasmve directon of the fibro
vascular bundle to the fibro vascular tissue of the secondsry rachis

The fibro vascular bundles issue obliquely from the bevelled surfices on either
mde of the upper half of the secondary rachis, snd are omgumally directed forwards
and shghily upwards from thewr sites of ongin, and horzontally parallel to the hine of
the rachis (Plate V, Fig 5) Owng to the obhquity of ongm of each bundle its upper
surface looks upwards and forwards, and 1ts lower one downwards and backwards so long
as the omgmal poswion 13 mantuned or resumed — The masses of parenchyme lymp
above and below the fibro vascular band differ stmikingly from ome another i structure,
and are sharply defined from ome another even where they are not separated by the
bundle (Plate VI, Fig 13}  The superior mass 18 shghtly thicker than 1ts opponent
Its component cells have very thmn walls and relatively abund
and the tisswe 18 comparatively an open one lurge, tercellul
spaces 1 addihon to mmute mngular ones  The cells of the mfertor parenchyma
have walls five or sx times as thich as those of the superor one (Plate VI,
Figs 14—17), the tssue which they compose 15 a very demse one, end the amount
of protoplasm which they contam 1 relatively trfing m amount  The thickness
of the cell walls 1 the supenor parenchyma is acbut 0009 mm, that of the
fertor one about 0004 mm There 13 not any conaderable difference wn the amount
of chlorophyll content of the two masses, but the upper one when m a condition of
compression, as 1t ordmanly 1s 1o the ease of detached pulvins, appears greener than
1ts opponent

The appearances described above can bo clearly made out m fresh sections m
water or acetate of potash, but are much less distinct 1 permanently mounted sections
unless these have been fixed by treatment with osmie acid ere exposing them to the
action of other rcagents  In order to obtan p g the
tissue as far a3 possthle m 8 natural condition of full tnrgldxty, the frcshly
cut sections onght to be allowed to bo i water exposed to light for some time, so
as to allow condiions of turgiity under solar \! to be re established, and
then immersed for a few seconds i 2 2 per cent solution of osmie acd This
treatment secures two things—firsf, fixation of the cell walls to some extent, and second
fisation of the protoplasmic contents of the cell cavities Unless 1t be adopted the
tissue of the superor pad will certawly be more or less shrivelled and collapsed and
the cell walls of the mfenor one will lose the greater part of thewr thickness "lhe most

tasf are those winch, after being staned with purocarmine
are mo\mted m Farrants solutxou but even thie wounted n balsam ere much more
representative of the natural coudmon of the tissues than any mounted without fixing
Tho greater part of the thickness of the cell walls 1n the inferior paronchyma 1s
mamfestly posed of 1 bling those 1 the thickened areas in the walls
of common collenchymatous ti sues, snd therefore normally subject to great reduction
m bulk on oxposure to conditions leading to extraction of water In unfixed sections
which are subsequently evposed to immersion 1 absolute alecohol, &e, prior to mounting
10 balsam, & complete extraction of water of course, occurs, and with this an excessive
reduction 1 the thickness of the cell walls, and the same effect in somewhat mmor
degree occurs 1n unfixed sections mounted 1 Farrants solution, but ireatment with
osmic aad allows of extraction of water without drmnution m volumne If unfixed

Axy Rox Bor Garv Carcvrra Vor VI
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preparations alone are studied, there would appear to be little structural gr?llnd for
unstability of position in the tertiary pulvini: in fised oncs the structural differences

between the opposing masses of tissue ave strikingly conspicuous,

The structural peculiarities of the tertinyy pulvini thus present maximal facilities
for the occurrence of vortical displacemont.  Thoro is an extremely flattened fibro-
vascular bundle, and it is rolated above and below to largo masses of tissuo differing
from ono another in tho highest degree in regard to their functional and structural
strength. The tissue of the inferior parenchyma presents characters which imply the
presence of very considerable and continuous structural strength and of relatively little
liobility to functiomal alterations in twgidity. So long as water is supplied to it,
the collenchymatous materials in tho cell-walls will secure absorption, and consequent
maintenance of continuous structural resistance in high degree, whilst the scanty
protoplasmic content of the coll-cavities is little calculated fo give *risc to extensive
fluctuations in active functional turgescence. On the occurrence of any sudden
diminution or interruption of water-supply, no sudden diminution in the strength of
the tissue is likely to occur, because the fluid which is stored up within the substance of
the collenchymatous cell-walls cannot be rapidly removed, and, so long as it is present,
it opposes an obstruction to the filtrative ecscape of any fluid from the interior of the
cell-cavities, both as the result of the great thickness which it confers upon the cell-
walls and the rigidity of texture which its presence implies. In the inferior paren-
chyma of the tertiary pulvini, we have to deal with a tissue providing not merely
for active turgescence of the protoplasts of the cell-cavities, but for very - considerable
turgescence of the cell-walls.  The former is a condition which is at once liable to
be affected by fluctuations in assimilatory activity; but the latter bears mno dircct
relation to it, and will remain unaltered so long as sufficient water-supply is present.
It is not, therefore, affected by the absence or presence of assimilatory activity, and
remains as o constaut feature of structural strength both diurnally and nocturnally. On
the other hand, the tissue of the superior parenchyma, with its rolatively open texturo,
its very deli(iate (iell-walls, and its abundant protoplasm, provides the conditions . for
gi'eat i‘iuctuatlofls in assimilatczry turgescence, and also for the occurrence of processes
of rapid filtrative loss. It is constantly opposed by a mass of parenchyma of very
much  greater strut_:ztuml. s.trength,. .and by the inherent tendency of the fibro-vascular
b}lndle to resume- its or1g.1nal POSltIQD in relation to the rachis, and it is only under
cxrcu.ujstances which ca}ll its excess in functional strength into play and provide the
1equisite supply of fluid fo sa:tls.fy the osmotic capacities which are developed in the
cellsap as the result of assimilatory activity, that it is capable of overcoming the
resistance to “.Ihl(.‘,h 1t i8 exposed. Any depression in general assimilatory activity
must weaken it in the S.truggle Which. it has to maintain, because its strength is
mamly.dependent. on active protopl.asmm turgescence, whereas that of its opponent s
predominantly owing to mere physical properties of the cell-walls.  But it must also
necessarily be weakened under the incidence of any influences giving rise to decrease

in the general supply of liquid or favouring filtrative loss because of the structural
facilities which it provides for redistribution of lquid in

and the delicacy of the walls of its component cells.
the tertiary pulvini as motor apparstus are thus such as
regular periodic movements of a strictly nyctitropic charac

its relatively open texture
The structural peculiarities of
to secure the' occurrence of
ter, and also to provide for.
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the occurrence of both gradual and repid movements under the mfluence of any factors
affecting supply and Ioss of wafer generally, or caleulated to give mse to alterations 1
local filtrative processes

There can be mo question that the motor organs of Mmosa pudica present struc
tural pecubanties which are of a nature specially to favour the occurrence of movements
under the wfluence of conditions of alterations ; whether depend on
fluetuatsons m assmulatory sctivity, or en vametions m conditions affecting general or
local supply and loss of flud, and that the capacity for rapid movement which they
severally exhibit bears a direct relation to the textural facilities which they individually
offer for rapid filtrative redistnbution In the case of the pumary pulvinus, very
exceptional provison for the occurrence of rapid redwstmbution of flmd 13 presented by
the deeper stratum of parenchyma, composed as 1t 18 of extremely open tissue, bwilt up
of elaborately and extenuvely pitted cells, and m greater part strugghng sgamst great
resistance, both local and connected with distal leverage In the tertiary pulvim, too,
mmilar facibhies are present owmng to the cxeesmive delicacy and loose texture of the
supenior parenchyma which has to contend with the overpowermng structural stremgth of
the mnferior one and the passive direction of the fibro vascular bundle, and both
pnmary and tertiery pulvim the capacity for rapud reaches a

In the dary pulviny, on the other hand, the nature and relutxvely un1

form chamctcr of the tissne implies an absence of any
rapd redistribution of hqud m such excesaively hngh degree, nmi with this we ﬁnd
capaaity for rapid movements very wmwuch less pronounced A study of the motor organs
m Mimosa pudica alone thus leads to the same comclusion as that amved at from the
comparative study of the motor organs of nyctitropic leaves geverally, that rate of
movement 13 entirely regulated by structural facilties affecting filtrative escape from the
mterior of the cell cavities of the tissues, whilst amount of movement i3 dependent on the
extent of posable fi m m opp g masses of tissue It alone 13
enough to show how erronecus the idea 13 that, 1o the oppostng masses of tissue 1
pulvim, we have to deal with differences depending solely on mviable molecular structure,
and not on the presence of any visible differences m orgamsation *

CHAPTER XI.

Theones tegardmg the mobemends of the leabes of fHimosa pudicr,

In the preceding chapter an sttempt hes been made to demonstrate that the move
ments which are conducted by the leaves of Amose pudica nre essentially the same m
nature and onmgmn as those which are conducted by nyctitropic leaves generally, and
that sny peculianties which they present are to be ascrbed to structural features 1o the
motor organs permitmg of exceptronally rapid redistmbutions of flmd throughout the
tissuee This wiew 19, however, entirely opposed to ordmanly accepted behef, for,
although the regular periodic mosements are commonly allowed to owe ther ongm to
the same causes as those which determime the octurrence of sumlar movements n other
nyctitropic lenves, the sudden movements ansing under other circumstances than those

s X5 bondelt s ch aleo such b er wieder n cht um » chibare Organ sations verhalln sse aus deoen sch die Reusbarkert
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affecting the presence or absence of solar stimulation have constantly heen regarded as
of an entirely peculiar and specific nature. The oxdinary periodic movements ave re-
cognised as being conmected with alterations in turgescence dependent on the presence
or absence of solar stimulation; but it has apparently mever been questioned that the
other class of movements are owing to a certain inherent and peculiar irritability and
contractility in the protoplasts of certain areas inthe motor organs, which enable them
to effect alterations in turgescence, when they are called into activity by various
stimulant agencies which are quite incapable of producing any similar effect on the
protoplasts of the motor organs of common nyctitropic leaves.

The motor ovgans of Mimose pudica are, in fact, commonly regarded as heing pro-
vided with a sort of undifferentiated muscular apparatus, and the faith in the existence
of this has heen so implicit that within recent years an attempt was even made to
ascribe the phenomenon of propagation of movement from one part of the plant to
another, to the presence of an undifferentiated nervous system provided by the continuity
of the protoplasts of the various tissue-elements.* This latter theory hardly merits
discussion, as it was very soon demonstrated that protoplasmic continuity is a phexno-
menon of almost universal occurrence in vegetable tissues, and that the phenomena of
propagation of movement in Jfimosz pudica are in many instances quite inexplicable as
the result of any changes oceurring along the course of any continuous tracts of living
protoplasm.  The theory affords, however, an evidence of the fixed belief in the presence
of certain specific functional peculiarities in the motor organs of the plant, and its
abaudonment only led to a renewed search for other possible agencies which might
be regarded as capable of calling these into play.}

The belief in the presence of certain specific irritable and contractile apparatus
within the motor organs of Mimosa pudice appears to have arisen mainly in consequence
of the exceptional ease with which movements may, under certain circumstances, be
induced, the exceptional rapidity with which they may be carried out, and the extent
to which they may be propagated from one part of the plant to another; for, as has
already been pointed out, their mere magnitude is by no means exceptional, and they
agres with those which are conducted by ordinary nyetitropic leaves in leading, as a rule,
to the rcsumption of a position which, at an earlier period in the history of the
leaves, was the permament one. In addition to this, it has to be borme in mind that
the investigations in regard to the natwre and origin of the movements have in greater
part been carried out in plants exposed to unnatural conditions, and consequently Iiable to
exhibit phenomena of more or less abnormal character and limitation, and that they are
consequently very imperfectly representative of those proper to the plant when exposed to
its normal environment, The phenomena +which are ordinarily described as characterising
plants cultivated in pots in European conservatories and laboratories, as has been ah-ead;
pointed out in connection with the question of the initial nocturnal position of the primary
petioles, certainly do not correspond in detail to those ocewrring in plants grown under
n.atural conditions, Tho artificially-grown plants are subject to the influence of
limited root-supply and to abnoymal conditions of atmosphere, and it is, therefore, no
wonder that the phenomena which they exbibit fail to afford an exact index to those

* Lectures on the Physiology of Plants. By Syduey Howard Vines, M.A i i
ety Prcn 1585 s » D.Se., F.R.S. Coambridge, at the Uni-

t Das Reizleitende Gewebesystem der Sinnpfianze. Von Dr. G. Haberlandt. Leipzig, 1890.
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occurnng 1 plants grovang under ¢ t p g of yoot extension
and amplymg exposure to all posuble vamations i degreo of atmosphenc humdity
Morcover, 1t 19 ts a rulo only m tho tropies that phenomena of fohar movement occur
with sufficent frequency, and on o sufficiently large scale, to afford satisfactory
opportumtics for tho comparative study of tho pecohanties of movement m many
different specics, and 1t 18 only by means of such companson that 1t 13 posuble to
deternuine how far any phenomena occurnng 1 andividual casey aro really of peeubar
and speafic nature

The morements which aro csecuted by the leaves of Mimosa pudica arc exceptronal
and peculiar 83 compared with any g among pic leaves 1 ¢ te
regons, but m any regon m which Nepfuma  oleraces oceurs, or 1 which
nyctitropie leaves generally abound, 3t very soon becomes evident that the pecubanty 1s
one of degreo and mot of kind ‘lle movements under certmn crrcumstances ere
performed with exceptional rapudity, and 1 connechion with the madence of many shight
thsturbing nfluences, but an the feaves of Neptuma they may also occur with consuderable
readiness and rapdity, snd in moany other common nyctitropic leaves wo find examples
of movements an ing under circumstances mmilar to those nnder wlach the movements
of Mamosa and Aeplum: mandest themsclves The movements certamnly nre netler so
realily evohed nor so rapudly exceuted as thoso of Mimose and Nepfumse, but the differences
n tlis respect wlich aro present among mdinidual species of common nyecntropc leaves
are almost as great as those existing between the movements of cerfain of them and those
of Aeplumia, and certmnly quite as great as those exwsting between the movements of
Aeptuma and those of Mimosa  Under fovourable circumstances, o mngle light concussion
of o distal piona may be sufficient to mduce complete and very repd action m 2
leaf of Mumosa pudica, under mmslat ewrcumstances, slow and hmited action of a certamn
number of pinmules, and posuibly & certamn amount of convergent movement 1 the pmna
subject to concussion, may occur n tho leaves of Aeplima oleracea in Puthecolobium
seman o sngle concussion fails to produce any appreciable effect but movements erce
under the mfluence of a certan number of repeated , the pinnul
gradually mse, tho secondary mcluses gridually converge and become depressed, and
the primary petiolo converges whero tho pnimary pulvinus retains its activty, finally, m
Casya alate very repested apgtatton 18 necessary in order to sccure the occwrrence of any
apprecble movement m the prme

Phenomene demonstrating that particular agencies which induce movements i the
Jeaves of Mimosa pudica produce o hike effect at a different rate in the leaves of other
ny ctitropic feaves aro constantly occurmng  Separation from the axs under certmn creum
stances induces zapd and maximal movement 1 the leaves of Munosa prdica and slow
and gradual movements 1n the caso of other nyctitrope leaves, the displacement, whether
rapd or retarded, tending mvanably fo the establishment of the mocturnal pomtion  The
wmpact of & single heavy drop of ram 18 m many cases sufficient to imduce maxumal
movements i the leaves of Mimosa pud ca, » brief exposure to a heavy shower sends the
Yeaves of Pathecolobum saman wmto the nocturnel position, and prolonged exposure to volent
rowndall causes appreciable movements m the pimwe of Cassia alafa A sngle Iight breath
of atr may be sufficient to cause maumal movement m Mmosa pudiea, repeated agitation
by & breeze causes the leaves of Piffccolobim taman to move towards the nocturnal position
and strong wind produces a hike effect the leaves of Cussta alafe  Under exposure to
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the influonce of hot dry air and a dry soil, the lenves of Mimosa pudica, DPithecolobium saman
and Cussiz alefa nliko assumo tho mocturnal position, and {frec supply of water causes
them aliko to rovert fowards the diurnal one, All the leaves which have been specially
considered in the preceding chapters alike exhibit movoments under tho influence of
cortain common conditions, such as exposure to or doprivation of light, excessive transpira-
tion, defectivo root-supply of water, and mechanical agitation; but they differ groatly
from onc another in regard to the rate at which they indicate the effect which these
conditions produce. But mere differences in onset and rato of movements arising under
the influence of like common conditions cannot bo tnken as any satisfnctory ovidence that
they are owing to different causes, or that the functional properties of the tissues of rthe
motor organs differ from ouo another in kind. The phenomena afford no sufficient proof
of the oxistence of any essentinl difference in the functional properties of the fissues, and
the structural features of the motor organs are such as satisfactorily to account for the
differences which are present in different instances. There is, therofore, every ground for
regarding the cause of movoment 83 slike in all cases, and the differences as resulting
merely from the rate at which it is possible for it to produce an appreciable effect.
Water will eseape more rapidly from a vessel with o large orifice than from one with a
small one, but this does not show that the cause of escape is different in the two cases.

The structural features of the motor organs of the leaves of Mimosa pudica afford no
satisfactory grounds for sapposing that thoy arc endowed with any peculiar functional
properties, and are such as to explain why redistributions of fluid may occur with excep-
tional rapidity within them; so that there is no reason for the conclusion that the
movements which they conduct differ in their nature and origin from those which are’
conducted by the motor organs of other nyctitropic leaves. They cerlainly give no
sufficient grounds for assuming that the movemonts are in them, any more than in other
nyctitropic leaves, defermined by alterations in turgescence depending on active contrac-
tion of the protoplasts of the tissues, in place of alterations in the osmotic properties
of the cell-sap, alterations in the reclations oxisting betwean general supply and loss of
water, or alterations in conditions affecting local filtration; but they do afford a
satisfactory cxplanation of the fact that the movements should be more rapidly conducted
than they are in ordinmary nyetitropic leaves. As, however, the belief in the essential
dependence of the movements on the exercise of active contraction by certsin of the
protoplasts in the motor organs is so firmly and widely established, it is desirable that
an attempt should be made to determnine how far the phenomena of movement themselves
really afford any support to it, and how {far they are in any way inexplicable as the

vesult of action of the factors which serve to determine the occurrenco of movements in
other leaves.

In approaching this question it must in the first place be borne in mind that, under
normal circumstances, the tissues of Mimssa pudica contain an exceptionally large bulk of
liquid under very high tension, and that this tension is maintained in spite of exceptional
facilities for gencral transpiratory loss and for local redistributions of masses of water
within certain particular areas. It is cvident, thus, that all the conditions of unstable
efuilibrium are present in very high degree, and that the general liquid tension must be
liable to undergo constant fluctuations in degree corrasponding to any fluctuations in the
relations existing between root-supply and transpiratory loss of water. Haberlandt affirms
that the liquid, which under most circumstances escapes in such large bulk from the .
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tisstes on section, 12 enturely derved from the system of sewve tubes which he regards as
constituting & spearfic, mechamcal nervous system for the propagation of stmulant
impulses nd activo of the protoplasts of the motor organs, but, even 1f 1t
be so, this docs not affect the question of the wstability of eqmiibrum between general
supply and loss of water The mamtenance of high hqud tension witlun the seive
fubes demands & constant supply of water to sohsty the excesuve osmotic capacities
of the cellsap which they contam, Ther escesave turgescento only imphes
an additional dram upon the genmeial stock of water which 15 salso subject to
extesaive transpiratory loss  The presemco of any extensve system of tissue elements
of exceptionally lgh osmotic capacities, such as the sewe tubes m the bast of Mimosa
putica, o1 the latirferous tubes of FHuphorbis anfiguorum (Plate VII, Fig 9), can only
serve to render harder the stiuggle which other less lighly endowed elements have
to mamtam with tianspmatory loss m the effort to retmn then turgescence, The
stieam of water nlong the couise of the water conduching tissues of Mmmosa pudica
must i any case be an cxtremely active one if turgescence 1s to be fully mamtained
under conditions favounng active transpiratory loss, no matter whether the dram upon
1t be carmed on by ali the active fimues in hike amount or by a certam class of them
1 excosuve amount  In either case the faeilities for transpiratory loss remam excessive,
and the demand for water to satisfy the osmotic capacities of the tissues 18 very high,
80 that turgestence can only bo fully mamtamned under esternal conditions favouring the
occutrence of tianspuation by means of a very active cunent slong the course of
the water conducting system  Whenover atmosphenic conditions are such 2s to favour

t can, therefore, be fully mmntmwed at a hgh level only
by means of pmpmtmnately activo oot supply of water, and any sudden mmerease
m transp y Joss or d i root supply must necessamly  disturb  the

preeusting  equbbrmm and give nse to a loss i turgescence which wall of
course, mamfest itself most rapidly and readily m those tissues which present the
greatest textural facliies for tho cscape of water. Loss i turgescence origmating
1w any distarbance between the relations of general supply apd loss of water will
not oceur with equal rapidity eveiywhere, for the rate of loss must be affected on the
one hand by the osmonic capacihes of the varions tissue elements, and on the other
by the structural faciities which they provide for the escape of hquud, and where no
great diffcrence 1 Osmotic Propertnes 15 present, those ssus windn present the grenter
structural facilities for tho escape of Liquid from the mterior of themr turgescent elements
will lose furgescence most yapidly, and with this will become relatively weaker than
they previousty were. But m the motor organs of Aimosa pudica, and especially m
those of them which are most subject to rapid movements, we have to deal wath
opposing masses of tissue which differ very greatly from one another m the textural
facilities which they provide for rapd filtrative escape of hqud Any sudden inerease
10 transp y loss or d m the actiity of roof supply must necessanly give
nse to decreased hqumd pressure throughout the water conducting rystem generslly,
and this 1n 1ts turn to an mcrewscd tendency to fitration from the intemor of turgpd
elements But the rate of filtration m partcular elements must be affected by the
structural features which they present, and wath this corresponding alterations in thewr
relative strength must be estabhshed Where filtrative facihities are present m very
different degrees 1m oppomng masses of tissue, 28 13 the ease i the prumarv and terhary
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pulvini of Mimosa pudica, very considerable alterations in rolative strength must thus
be, rapidly established and, the equilibrium. of position being correspondingly disturbed,
movements must occur with proportionate ;‘apidity.

But if all the movements of the leaves of Mimosa pudica, apart from those which
attend the presence or absence of solar stimulation or other agencies affecting assimi-
latory activity, owe their origin to such purely physical causes, the readiness and fche
degree in which they manifest themselves ought certainly to bear some evident relation
to the presence or absence of conditions favouring the occurrence of rapid alterations
in the relations existing between general loss and supply -of fluid, or affecting the
activity of processes of local filtration; and there is abundant evidence that such a
relation really exists. Its existence is demonstrated by the fact that the occurrence, rate,
and extent of movement following the incidence of various disturbing agencies are alike
manifestly affected by conditions of telluric and atmospheric humidity- Aeccording to
Haberlandt's theory, the extent of propagation of movement ought to bear a direct
relation to conditions securing excessive root-supply and depressed transpiratory loss;* but
in fact the relation, in place of being a direct, is an inverse one.- Wheén the soil is
saturated and atmospheric lhumidity excessive, thé capacity for movements and the rate
and extension with which they occur are alike at & minimum, and it is when the soil is
relatively dry and atmospheric humidity low that they attain their maximal development.
It would be strange indeed were this not so, seeing that conditions of atmospheric and
telluric saturation are calculated to increase the stability of turgescence, whilst aridity
of soil and air must inevitably tend to render it unstable. -So long as air and soil are
alike saturated, there can be nothing to interfere with the tissues fully satisfying any
osmotic capacities which they may possess; and consequently, apart from variations in
the degree with which they exercise their assimilatory functions, there is nothing to
interfere with the continuous maintenance of turgescence at a given standard. All the
tissues may mot possess osmotic capacity in like degree, but the conditions are such as to
allow them all fully to satisfy what capacity they have. There is an entire absence of
any struggle between osmotic capacity and any agencies tending to give rise to general
loss of water. The only loss of water which is going on is that connected with assimi-
latory decomposition, and this is amply covered by the excessive root-supply. But when
the soil and air are not saturated, the equilibrium of turgescence can conly be maintained
so Jong as general supply and loss of water continue to bear a uniform relation: to one
another. Any rise in loss without corresponding increase in supply wust make for de-
creased turgescence, and any fall in loss without corresponding depression of supply for
increased turgescence. A high degree of turgescence may in certain cases coincide with
a great capacity for movement, but only when it is maintained in spite of rapid
general loss of water; only when it exists as the result of an'accurate balance between
supply and-loss; and therefore we do mnot find the capacity for movement high in cases
wlvh.erf? condition.s are such as to give rise to diminished transpiration without affecting
assimilatory activity and therefore osmiotic property. ‘

It would be easy to multiply egamples of experimental results showing the truth of
the §tat.ements contained in th'e previm-ls paragraph ; but in order to avoid breaking the .
;::;‘t;g:z'gl O}f the text to an mconveme.nt extent,'one or two selected examples alone are

ere, and the mass of experimental evidence is transferred to the tables which

*Op. cit, R -
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aro ccntzuned m Appendxx E The cffccts of exposuro. to tho influence of saturated soil

and atmospl mn g capaaty for aro tly them
sclves 1 tho most consprcuous fashion in varous ways  Whilst woerg at tho subject
I bave had to tako sp of AMimoss pudica from the garden

m wluch they are grown to my laboratory which 13 smtuated st a distance of about 2
male from it. When the transfer 13 cffected dunng perieds when atmospherie humdity 19
rolatively low, evon slight displacoment of pot plants 1s followed by extensive movement
of the leascs, and the sgitation to which they are exposed durng tho duve over the
rough road which intervencs between the two loenlitios certnnly leads to maxumal
movements m the pinnules and primary potioles, and to consderable convergence of
tho sccondary raclusos But with ncreased humality the tondency to the occurronce

of movement decrcases, and when humdity of soil and atmospt aro at a
the plants underge all the agtation to which tho transfer evposes them aither mt]n
out exhit any at all, or ts of only the most lnuted and

partal kind " Parallel phenomena make therr appetrance under tho mfluence of artifienl
clevation or depression of atmospherie humidity 1f two plants luted nto corofully
stoppered and waxed pots bo exposed side by sde m two hermetically sealed chambers
ono contmming o vessd of water and tho other n vessel of pure sulphume aad, ther
leaves are of courso comcidently exposed rospective'y to n saturated snd to a very dry
atmosphere  As the result, transpirntory loss 15 arrested 1 the ono but mses fo a high
Ievel i tho other, and corresponding diffironces 1n ther so-called wntaluhity alo mahe
therr sppearance  The leaves m the saturated atmosphero becomo Iighly elevated and
extremely expanded, and after an hour or two of oxposure they fail to respond even to
the wiolent amifation produced by shakmg the chamber wittan wineh they are enclosed
“Ihe leaves m the sulphunc acud chamber, on the other hand, also show cxtreme
expansion and elevation, Lut are very susceptiblo to agtation, even ehght shaling of
the chambor bemgz followed by dep of tho pmmary petioles and complete
assumption of tho nocturnal poution by the pinnules  So, agan, when o leaf or o
portion of a shoot beanpg several loaves 18 separated from a plant at & time
when mr and sol aro abihe relatively dry, tho ecparation 13 followed by im

mediate, rapd and pl m the les and primary petioles and by
considerable convergenco of the secondary rachuses, whalst when atmospliene and tellune
18 no whatevor mamfest themse ves for some time, and

the moven ents wlnch ulimately do oceur are very slowly, imperfectly, and gradually con
ducted  Under condihons of matmal mosture, tho prinary absence of any movement
whatever, and the delayed and imperfect character of those which ultimately oceur,
hecome wonderfully conspicaous  Under such , shoots will frequently stand
exposure to oll the disturbmg influences of separation from tho axis, and of considerable
and relatively prolonged agitation without shuwing any sppreciable movements I have
accordingly been able to separate shoots and transfer them from the mte in which they
were grown to my laboratory without thewr showing any more evidences of movement
than rooted plants do under cenditions of Ingh sl sud atmospherie mousturs

Under sinnlar to d which d the artifieral
escape of hiquud from the tissues produw mimal effects as regords movement When
the nir and soil are both moderately dry, amputation of the tip of a distal puonule 13
normally followed by mmediate and rapid action 1 the wjured pwunule and suwultane-
ous, or practically smultancous, achon in tho opposte one, rapid spreading centripetal
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action along ‘the pinnules of -the same secondary rachis, ?onvergeu(.:eA of thé' one or
it may be of all the other secondary petioles, rapidly spreading centn.fugal a(fuop'along
the course of one, two or all the other secondary rachises, z}nd mamm.al action "in the
primary pulvinus leading to the fullest depression o.f the primary petlolo.. BuF .W.hen
soil and air are alike damper, the extension and rapidity of movements steadily dimninish;
and when saturation is approached, a minimum of movement is attained except un'der the
action of other factors than mere escape of liquid from the tissues, During periods of
excossive moisture the injury to the pinnule produces nmo immediate movement even
locally, gradual exudation appears conspicuously at the site of section, and this 1is
presently followed by slow gradual elevation of the injured pinnule. In some cases no
other effect whatever follows ; in others, movements are confined to the opposite pinnule,
and in still others, very slow and imperfect elevation of a certain number of
other pinnules in the distal half or third of the same pinna occurs, Both rate,
amount and extension of movement most unequivocally bear an inverse relation to
conditions of soil and atmospheric moisture ; where soil—and atmospheric moisture are
present in maximal degree, the movements following section attain their minimum in
regard to rate, amount and extension ; where soil and atmospheric moisture reach the
lowest level at which they do mnot lead to permanent assumption of the nocturnal
position by the pinnules, the movements following section attain their maximal de-
velopment,

The same holds good in regard to movements originating in connection with
other influences, The movements which follow the application of heat to the tissues
are normally more extensive than those following section, but their extent and rapidity
are equally affected by the existing conditions of atmospheric and telluric moisture.
The application of an open flame to the tip of a distal pinmule of a distal pinna
is in hot dry weather followed by immediate action, spreading rapidly over the
entire leaf, and in many cases succeeded by action in many more leaves on the same
axis both in the centripetal and centrifugal direction. But, where -conditions ap-
‘proaching saturation prevail, similar treatment is followed by action which is both of

a more gradual character, and which does not extend beyond the pinnules of the
directly injured pinna (Appendix D).

The above -facts clearly show that the capacity for movements, the rate at which
they are conducted, and the extent to which they are propagated, bear a direct rela-

tion to the extent to which rapid general loss of liquid can occur; and the question
arises i1s whether this is to be regarded as indicating increased hiritability and
contractibility in the protoplasts of the motor organs under the influence of conditions
favouring general loss of liquid from the tissues, or as evidence that the movements
are dependent on losses in turgescence directly connected with the loss of liquid itself,
Now, there is no independent evidence that conditions of atmospheric humidity are capable
of acting directly upon the irritable and contractible functions of the protoplasts of the
motor organs—no evidence to show that the irritable and confractible functions are
stimulated by a dry atmosphere and depressed by a moist one,
dant independent evidence to show that conditions of atmos
turgescence owing to the effects which they produce on transpiratory loss, and there
is satisfactory structural evidence that the opposed masses of tissue Withil; the motor

organs aro lisble to undergo losses in turgescence in unlike degree, and at. wnlike

But there is abun-
pheric humidity directly affect
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rates, under the fl of d transp y loss  The only logieal conclusion
therefore wluch can be arnved at from the data 1s, that the differences in the phenomena
of movement presenting themselves under the mft of dff d of atmos

pheric humudity are owmg to  correspondmg  differences m the degres to which
theso conditions favour the oceurrenco of purely physical loss of water from the tissues
The phenomena aro readily cxplicable on the theory that the movements have a purely
physicol omgm, they remam entwely mystenous on that which regards them as the
vesult of active protoplasmic contraction,

But another phenomenon frequently mamfests itself m  connection with the
presence of excessne atmospheme humidity which 25 even more mesepheable on the
theory of active protoplasmic contraction In eases 1 whichk not only both awr and
soll are saturated with moisture, but recent ramfall has occurred and loaded many of
the leaves with adhe.ent drops of water, phenomena which according to the contrac
tion theory must be regarded as indicative of special amtabihty of the prmary
pulviny, frequently mamfest themselves In such cases, after amputation of the tip of ono
of the dictal pinnules, cither no movement at all ocems m the pmnules, or slow imperfect
movements occur w the mjwed pmnule alone, or m 1t and m one or two neigh
bourng omes, and yet rapd aod profound depresson of the prunary petiole tales place
shortly after the mjury and often before any pinmular displacerent has begun to sppear
(twde Appendix A) On the theory that movements ere due to active protoplasmuc
contraction, this must be tahen to mdicate that excessive atmospheme humidity decreases
the mntability aud contractiity of the tertiary pulvim, and inciesses those of the
prmary one , that 13, that the same couse gives mse to different cffects in two parallel
scts of orgams But this 18 o concluston for which no evidence exists rave the very
phenomenon for which 1t has to serve as an evplanation  But on the phywcal theory
there 18 nothing kable about the d We know, that under sny ar
cumstances, the mass of tisue m the primary pulvinus which makes for elevation of
the prmary petiolo has to struggle, not only with its local opponent, but also with
the depressant action of dustal loverage, and 1t 15 clear that any accumulation of rain-
drops on the pmmre must incrense the latter But adherent rain drops cannot serve
to ncrease the resmstance which has to bo overcome by the tssues 1 the terhary
pulvmy which mahe for depiession of the pnules, and as a rule they must tell
directly against thew elevation In the pumary pulnimi the masses of tissue which
make for depression, and which ave structuinlly stronger than their opponents, are co opein
ted with by the adherent raindrops 1 the attempt to depress the prmary petiole,
i the tertiry pulvimi the structurally fecbler tissues, mstead of emcountenng any
additional opp under the cs, are aided m secunng depression of the
pmoules  That 13, under the circurostances, the tissues which make for the diurnal
posttion are relatively weakened n the primary pulvini and relatively strengthened
the tertiary omes, or, in other wordy, under the circumstances, the stamhty of the
equibbriom  of position 18 deereased 10 the primary pulvim and mcreased i the
terhiary ones But, if this be 50, 2 fall mn general fwd pressure mcdent on the
escape of Jiqmd from the tissues of an mjured pinnule, and which 1s capable of
producing any but very himited effects 1 the site of increased stabilty, may readily
nduce considerable effects 1w that of decreased stability  Bo far as trancpuatory losa
15 concerned, both prwmary snd tebary pubimi aie, ander the crcumstsnces, m a
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condition of rolativaly stable oquilibrium ; but in the caso of the' primary p\fh’inus
this is discounted by the coincidont increaso in distal loversge, -whereas in the
tertiary pulvini it is cither not interfered with or positively stren:,;lhened: It can bhe
no wonder, then, that o disturbing factor should bo capable of giving rise to cffects
differing in degree within the two areas.

Phenomena of @ liko nature often manifest themselves in plants which are suddenly
tronsforred from 2 saturated atmosphere to one of the same temperature, but considerably
drier. Under esposure to the influence of an artificially raturated atmosphere iu o
moist chamber, if sufficient illumination be provided, the pinnules and sccondary
rachises of tho leaves assume their maximal diurnal position of extreme expansion.
But the primary potioles, in place of tending to sink ns they do under natural
diurnal conditions, becomo highly clovated. All parts of the Ieaf at the same time pass
into a condition of abnormally stable cquilibrium, so that, as o rule, no imovements
follow comparntively violent agitation. But, if the cover of the chamber be suddenly
and gently withdrawn so that tho tissues ave exposed to a relatively dry atmosphere,
movements occur after a brief interval. These, however, are frequently confined to the
primary petioles, which undergo rapid and deep depression, and it is only occasionally
that any conspicuous rapid clevation of the pimuules manifests itself. On the theory
that movements are essentinlly due to active contraction of the protoplasts of the motor
organs, these phenomena must be taken to indieate that tranfor from a saturated to o
relatively dry atmosphere causes protoplusmic stimulation more readily in the protoplasts
cof the prmary pulvini than in those of the fertiory omes. But on the physical theory
no such arbitrary assumption is called for. When the distal portions of the leaves are
saturated with moisture and have been continuously exposed to conditions favouring active
assimilation, their weight must attain its maximal development, and with this the strain
upon the primary pulvinus must be proportionately inerensed. Iiven in the absence of
saturation, prolonged exposure to conditions favouring assimilation causes sufficient
increase in leverage to aid materially in inducing a (leprcséion of the lcaves from their
lnte noctwnal position of extreme olevation; but when transpiratory loss is absent, it is
unable fo cause depression in spite of the aid which mere excess of distal fluid must
yield to it. The strain, however, upon the primary pulvinus in maintaining erection
must be very great, ond when the plent is suddenly exposed to conditions implying
an abrupt onset of transpiratory loss disturbing the pre-existent condition of liquid equili-
brium, the effect natwrally manifests itself most readily in it as the weakest part in the
motor apparatus. Where the atmospheric conditions are such as to give rise o trans-
piratory loss in limited degree only, the disturbance tells only on the weakest part of the
apparatus, and depression of the primary petioles occurs; where the loss is greater,
movements occur in the pinnules, but the loss must be very excessive to induce any
appreciable movements of convergence in the pinnwe, because in the secondary pulvini

conditions favouring a rapid loss in turgescence are present in much lower degres than
they are in the other motor organs.

The extent, rapidity and propagation of movements are then unequivocally related
directly to the presence of conditions in tho environment regulating general supply and
loss of water. But if disturbances of the equilibrium between supply and loss be the
essential factor which determines all movements not dependent on alterafions in turges-

cence connected with fluctuations in solar stimulation and assimilatory activity, movements
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ought to oceur 1n connection with exposure to any condizons 1mplying considersble
disturbance of pre existmg relations between supply and loss, and these ought to be
rapudly carmed out where the cinditions are such as to wmply rapd disturbence It s
easy to acqure evidence that this theoretical requuement 1z amply met by sctual
facts  The phenomena which have just been descmbed as arsmg 1m connection with
the transfer of plants from saturated to relatively dry air are, of course, an example of
movements orrgmating under such conditions, and one has not to look far for othirs of
a sunilar nature It has already been pointed out that when plants which have been
for some time in the shade, and whose pmnules have attamed a mawumal degreo of
expansion are exposed to strong, direct sanshine, either as the result of the natural
dwrnal slterations m distmbution of the latter, or of transfer from ome locality to
another, gradual movements of e'evation and convergence set m in the pmnules, so that
the leaves presently become much less fully expanded than they previouwsly were 1f
atmospheric humidity be very low and the soil very dry, the movements are continued
until the piunules have assumed therr maximal nocturnal postion If, on the other hand
atmosphenic and tellunie andity be not very great, the displacement 1s only a partial
one, but 1t 13 always sufficent to canse the appearsnce of imsolated plants to differ
strilingly from shaded ones m thew immediate viemty  Where atmospl ernic and tellune
humidity are shke moderate the activity of root supply 1s incapable of mamtamnmg
active furgescence i the tertiary pulvimi at the same level as when transpiratory
loss was considorably less, but it 13 capable of mamtuming enough targeseence to
prevent tho pwnules from pasung on into the fully developed nocturnul position
But when atmospheric humidity falls very low, and when the supply of water n
the soil 13 very small, the disproportion befween root supply and tronspuatory loss
becomes excessive, and tho movements sre carried out i mammal degree The
plenomena aro precisely parallel to those occurrmg m the case of other nyetitiopie
Jeaves under sumlar circumstances, but the movements are more resdily mduced and
more rapidly conducted than they are m these because of the exeeptional facihities for
transpiratory loss and for rapd redistribution of hqud which the tissues of the
leaves present  Parallel phenomena of exeeptionally rapid mamfestation of tlo effects of

d i 'y loss fest themselves m tion with ceitain non nyctitropie
loaves An esposure to strong, direct sunshine, as briof or almost as brief as that
soffiemg fo gmve me to seouble elevapion of the pinnnles of Mimosa puases will inducs
perceptible general wilting 1 the leaves of certan aroids, such as « Pothos rrolacea’ of
gardencrs  unless both soil and awr aro loaded with mowsture In the ease of “Pothos
tiolacea’ wo have ovidence of general and evenly diffused loss in turgescence, i that
of Mumosa ptdica of specuslly localised loss in torgescence as the result of oxposure to
increased transpiratory loss, and in both cases cases alihe the Joss 1 turgescence 13 execp
tionally rapid  No one would dream of aseribing tle wilting of the leaves of “.Pothos
wolacea” to active contraction of the protop'asts of the twssues, but the firmly fixed
belef 1n the existenco of speeial functionsl endowments 1 the protoplasts of tle motor
organs of Mimoss pudica might lead to n belef that tho parallel phenomena of the
movement of tho pmnules was owing to somo direetly shmolant action of tle sun’s
rays, were it not that preascly mmilar omes f ) Ires wlere i
transpiratory loss anses quito ndependently of ony  alterations 1n conditions of dlumy
nation, and that tho results following cxposuro to direct sunshino vary in degieo with
the extent to which fucihties for transpiratory loss are present




104 THE CAUSES OF FLUCTUATIONS IN TURGESCENCE

If two plants of Mimosa pudica.be exposed side by sidé to strong'_ dire.ct sunshine,
the one being included in & moist chamber and the other in a sulphuric acid chamber*
the pinnules of the former will remain nearly fully expanded, bu.t those. of the latter
will pass into the maximal nocturnal position. When exposed to dxﬁus'e hgh.t, on the
contrary, the pinnules in both cases alike (granting of course that sufficient soil m01§tu1'e
is supplied to the plant whose leaves are exposed to a dessicated atmosphere), at.l-am a
meximal degree of expansion. The displacement which oceurs in the leaves iIn 'the
moist chamber under exposure to direct sunshine may be fairly ocredited to the onset
of a certain amount of transpiratory loss, for, as the exposure implies continous elevation
of temperature within the chamber, absolute atmospheric saturation cannot be present
within it. In so far as illumination and temperature go, the two plants are exp?sed to
precisely like conditions, and yet the pinnules undergo only sligbt displaee.ment in tl}e
one case and complete displacement in the other, thus leaving the differences in
transpiratory loss as the only factor accounting for the differences in the result of
exposure in the two cases.

In cases like the above, movements occur under the influence of the increased
transpiratory loss incident on exposure to the sun’s rays, but equally considerable
movements attend excessive transpiration caused by other means. If a pot-plant ~of
Mimosa pudice in which the leaves are in the normal diurnal condition be tiansferred
from a relatively cool and moist atmosphere to one which is considerably warmer
and very dry, the pinnules gradually assume the fully developed nocturnal position,
although the conditions of illumination to which they are exposed remain precisely
as they were before, Very little, if any, perceptible displacement occurs in the
secondary rachises, but the primary petiole becomes extremely elevated. Here cextainly
no stimulant action of the sun’s rays can come .into play as the determinant
of the movements, and as we find the Jatter manifesting themselves at temperatures
under which the diurnal position is fully maintained so long as the air is
humid, the only thing which is left to account for them is the excessive transpiratory
loss to -+which the tissues are exposed. It is, of course, possible to assume that
excessive transpiratory loss gives rise to active protoplasmic contraction; but there is no
evidence whatever that it actually is so, and there is no question that it does give rise to
loss in turgescence from purely physical causes. The rate of movement of the pinnules
vartes with the temperature of the aif and, where this very considerably exceeds that of
the atmosphere to which the plant was previously exposed, sudden rapid movements
may occur in a certain number of them, accompanied occasionally by sudden depression
of the primary petiole. But a still more remarkable phenomenon normally follows
the removal of the plant from the artificially warm and dry atmosphere to that
to which it has been exposed (vide Appendix E). If a plant be retransferred to
its original environment at a time when its pinnules have only partiallv assumed the
nocturnal position and every care being taken to avoid any mechanical agitation, no
farther movements of elevation take place in the pinnules, but, after a brief pause, all
or a majority of the primary petioles become suddenly and rapidly depressed. Now, this
is a scquence of events which is utterly unexplicable on the thecry that the movements

;
*In all cases in which exposure in a sulphuric acid chamber is mentioned, it is assumed that effectual means,

similar to those deseribed on page 77, were taken to sccure that the only additions to atmospheric humidity were derived
from transpiration.
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are essentully dependent on achive 1 and contraction of the protoplasts of the
motor organs, unless mdeed on the dl p that exp o hot and dry mc
acts as a specfic simulant of the protoplasts of the motor organs of the tertiary pulvim
and exposure to cool, most awr 88 & specfic shmulant to those of the primary ones  But
if we accept the theory that the m ts are dent on it supply
and loss of flud, the sequence aduuts of reudy explanetion  Sudden transfer to a
1elabively warm antl dry atmosphere must give mse to increased transpiratory loss and
must estabhish a drain upon all the tuwigescent elements of the tissues to which they
were not previouly exposed, so that, unless root supply sustems an equvalent merease, a
general loss of turgescence must tend to be established The actunl loss n turgescence
whiech will occur m mdividual masses of tissue will be rapid and extensive i direct
velation to the facihities wlich they provide for the escape of hqud from the mterior
of the cell elements of which they are composed But the tissue elements n thoese
masses of tissue which mske for the dwurnal postion 1 the pmmary and tertiary
pulvim afford much greater facilities for the escape of hquid, than those which make
for the nocturnal postion Henc~ a relative weakemng of the former must occur, and
with this, 1f no wnterfermng factor come 1 to modify the result, movements towards the
nocturnal position must necessarly ensue In the case of the tertiary pulvini, nothing
comes m to fere with the of such i ts, and they are accordmgly
carried out at rates varywg with the rapudity at which the weakemng loss 1o turgescence
oceurs within the pulvinar tissues making for the dwrnal posion But, m the primary
pulviny, the local k 18 d b d rapd d m  distal
levernge which discounts and more than dxsm\mts 1t The mass of tissue w the primary
pulvinus which makes for elevation of the petiole 18 weakened m so far as respects 1ts
local pulvinar opponent, but 1s strengthened 1n respect to the total resistance which 1t
has to overcome, and hence elevation and not depression occurs But when the plant
15 once more suddenly transferied to its ongmally cool and moist environment, a sudden
check 13 put on the activity of transpiratory loss, and with this no farther elevation of
the pnules occurs, and distal leverage m place of undergomng any farther decrease
begins to imcrease Smmuitaneously another important factor affecting the general dis
tubution of flmds throughout the tissues comes into play The rapd coolng followin,
trongfer $o the con) sr pecessarily implies ramd contraction an a)l the gaseous contents
of the water conducting tissues, and this must tend to give mse to 4 back diaught on
the hqud contammed withm the actively turgescent ones aud, thercfore to enhance
filtrative loss from them Ordmanly the effect of this on the pimules 19 done away
with by the d tion of active P and, sequently as a rule, no
appreciable movement occurs m them, but . the case of the primary pulvinus nothm,,
comes m to terfere with its action The cessation of transpiratory loss does not here
tell agamst the occurrenco of movement, but directly m ats favour 1n consequence of the
merease m distal leverage which 1t necessarly mvolves, and, eonsequently, depression of
the primary petioles naturally tends to occur As will be presently demonstrated, o
sudden expansion of the gascous contents of the water conducting tissues may also
serve to occason sudden movements, apparently as tho result of the obstruction to
onward flow of water which it induces if pushed beyond certwn lumts, but any
obstruction which anses m cases Lke the above on the introduction of the plant into
the heated atmosphere 1s, unless 1t be present 1 very high degree, unable to determine
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the depression of the primary petiole in consequence of the coincident rapid diminuf
in distal leverage which is present.

It has already been pointed out that very brief exposure to the direct rays of
sun is sufficient to give rise to slow, progressive movements of elevation of the pimmt
which, under certain conditions of soil and atmosphere, may ultimately lead to a
assumption of the mocturnal position; but in certain cases the rate of movement may
so much accelerated that the progress of elevation and convergence becomes visible
the unaided eye, or even as rapid as it is in cases where the leaves are exposec
the influence of any of the common so-called stimuli. When leaves are gently detac
from the axis, elevation of the pinnules and a certain amount of convergence of
secondary rachises usually occurs. The extent and the rate of movement, however, v
greatly under different circumstances, more or less complete suppression occurring
connection with the presence of excessive humidity, whilst, when soil and air
alike very dry, the movements of the pinnules are immediate and complete, and
convergence of the secondary rachises considerable. Supposing that the process
separation be effected in the early morning, ere the.leaves have been exposed to di
sunshine, and at a time when atmospheric and telluric conditions of moisture are
mean, the pinnules as a rule all assume the maximal nocturnal position within a 1}
period, but the secondary rachises exhibit little or mno appreciable movement, If
the leaf, having been gently laid down on a glass plate and covered with a bell glas
protect it from mechanical disturbance, be exposed to diffused sunlight, the pinr
will gradually resume the diwrnal position more or less completely, and will retain i
a very considerable period ere slow insensible elevation sets in. Should the appar
however, be exposed to direct sunlight after expansion has occurred, and the bell
be gently removed, movements very soon make their appearance. Where atmosplieric
telluric moisture are both excessive, or the sunshine is veiled and comparatively fe
the movements are often merely of the slow, insensibly progressive character of 1
occurring in leaves attached to the axis when exposed to direct sunshine ; but when
ditions of hum.idity are not so high, or the sunshine is stronger, they occur in incre:
degrees of rapidity until, in many cases, rapid and complete elevation of the pini
and convergence of the secondary rachises take place in precisely the same fashic
they do after sudden concussion, incision of the tissues, or application of strong |
Where movements of this sudden, rapid type have ocourred, the assumption of
nocturnal position is not however permanent; but, unless the air be very dry
succeeded by a partial recovery of the diurnal one preceding the occurrence of
slow progressive movements of elevation. Where, on the other hand, the moven
have been throughout of a slow, insensible character, continued exposure gives rise {
interruption in their progress.

Now, these phenomena can hardly be accounted for satisfactorily on the theory
the movements, and, especially the rapidly executed movements, of the leaves are di
dent on th(? occurrence of stimulation and active contraction of the motor organs.
movements in many cases present all the characters of those following the action «
called stimuli, being as abrupt, as complete and as spreading as any of these are
accor.ding tco the tht.aory, they must, therefore, be regarded as owing to the occu;-
of stimulation attending exposure to direct sunshine. But if this be so, how do

happen that, so long as leaves retain their normal relation to the axis, exposu
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direct sunshine normally occasions only slow bly progressive Why
sliould exposure to the sun’s rays only give nse to ‘movements which, judgmng from
the parallel phenomena occurring in non motile leaves under sumlar ewrcumstances, are
unequivocally dependent purely on increased transpiratory loss, so long as the leaves
retain their normal conmection with the awms, and to movements dependent onr active
protoplasmic contraction when they no longer do s0? This, moreover, 15 not the only
problem which has to bo accounted for, for, if exposure to the sun’s rays prmanly

active of the protoplasts of the motox- organs, why should 1t cease
to do s0? why should t be pamed by partial recovery of the
drrnal postion? These are que:txous which the theory apparently can answer only
by means of 2 series of arbitrary assumptions

But 1f thig theory be pable of for the ph can that winch
aseribes the of rapid to purely physical causes do so any moare
satisfuctorily ® When a leaf 15 suddenly detached from the axis, an abrupt arrest
18 of course 1 any case put to any further root supply of water But i Mumoss pudica
owmng to the high hiquid tension throughout the tisues, this 1s accompamed by active
exudative discharge of & relatively large mass of liqmd from the extremity of that
portion of the petwole which remams attached to the distal portion of the leaf The
hiqud which escapes may be maunly derived from purticular tissues or 1t may not, but m
any case, the effect must be a general loss 1 hqud tension throughout the entire leaf,
and consequently a tendency to mcreased dram upon the active tissues In cases where
the tissues are excessively saturated as the result of dent conditions of atmospheric
ard tellune humndity, and where at the time of separation from the axis transpiratory loss
1s very low, the mtrimsic water conducting tissues contam an amount of flud more or
less completely suthcient to make good the actual disch of hqud ding sep

and, for the time bemng, the arrest m root supply, and hence either no movements at
all oceur, or any which do occur are shght end parttal With any dimmution m the
amount of store water, or any increase 1n the actiity of transpwatory loss, the cond

tions providimg for the occurrence of movement will be present m progressively
mereasing degree, and a pomt must eventually be reached at which separatton from the
sxis amples mmmediate active dram upon the turgmd elements of the motor organs

Bk e dvzom Wil mabendly WL et beavdy wed wupdly on thow waews o dwsoe
presenting the greatest filtrative faciliies and, therefore, on those which make for the
dwrnal position, and hence 0! ding to a k g of these wall oceur

The masses of tissue mn the tertiary pulvmx which make fou the durrnal position of
the pmnules afford great structural facihties for rapid filtration, both from thetr inherent
delicacy and from the great excess of strnctural strength theu- oppouents, and hence
the pinnules tend to pass on rapdly into the nocturnal postion In the sccondary

pulvim the opposing masses of tissue do not present mnearly such consmderable differences,
and hence movements m the secondary rachises are often almost or entirely absent
when the pmnules exlibit conspicuous movement, and under normal eircumstances they
never exhibit the same actinty as those of the pinnules do  If transprratory loss be very

active, any liqmd which escapes from the turgsd pulvinar f1ssues on the sudden disturbe
ance of equlibrum of general flmd pressurc on separation from the ams and any store
of water within the water conducting tissues will be 1apdly removed and the nocturnal
postion of the pwnules will remam peunanent, and hence no phenomena of recovery
of the diurnal poation mamfest themselves m leaves which are detacked from the axis
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in very dry hot weather, even if they be subsequently kept in the shade, or in those
detached in cooler and damper weather when exposed to strong direct sunshine after
separation. But if transpiratory loss be slight, the fissues will retain a considerable
amount of water, especially whore atmospheric and telluric humidity have antecedently
been high for some time, and this, of course, is available fo satisfy the osmotic capa-
cities of the active tissue eclements to & greater or less extent. Mere separation from
the axis has in no way affected tho functional properties of the active tissuo clements
remote from the site of scction, it bas only removed them from all connection with
root-supply of water; and, so long as the inhorent water-conducting system retains a
sufficient quantity of water, this is of no importance. Whilst the wator-conducting
system contains & sufficient storc of inheront water, it plays the same part to the
active tissues that a moist soil does to a plant as a whole. The tissues in the tertiary
pulvini which make for the diwrnal position are functionally much stronger than their
opponents, and hence under continued stimulation by light will undergo a greater increase
in osmotic capacity than the latter, and as they also present greater structural facilities
for absorption, will appropriate a correspondingly large share of the store of water
remaining at disposal. With this they will increase in strength, and a reversion of the
pinnules towards the diurnal position must follow. But if, when this reversion has
been fairly established, the leaf be suddenly exposed to direct sunshine, a sudden rise
in transpiratory loss of water must at once emsue, and with this a renewed drain upon
the tissues, leading as hefore to special weakening of those portions of the pulvini
which make for the diurnal position. If the activity of transpiratory loss does not
exceed a certain limit, and if the amount of reserve fluid in the water-conducting
system be high, this will merely lead to slow, progressive alterations in position of the
pinnules, like that which occurs in leaves still attached to the axis when exposed
to strong sunshine, But if transpiratory loss be very rapid, and the reserve of water
within the water-conducting tissues have becn more or less exhausted in supplying
the osmotic demands of the actively turgescent tissues, a sufficiently rapid draught may
e established to give rise to the occurrence of rapid resumption of the noctul.n;d
position, Subsequently, under continued solar stimulation, a renewed struggle for any
remaining reserve-water scts in, and a tendency to recovery manifests itself in greatér
or less degree, never, however, leading to anything beyond very partial resumption of
the diurn.al Position })ecause of the ‘limited amount of water which is available. Finally,
as trans‘p)ratlon conjomues, the c.onthtions for active turgescence are gradually diminished,
and ultimately abolished, and with this the various parts of the leaf permarently assume
the positions which are determined by their passive structural peculiarities.

During continuous periods of fine, settled weather the phenomena attendine separation
of leaves from the axis show regular and conspicuous differences, according t;o the time
of day at which the experimenti is conducted. The effects of primary Se;aration from
the axis and of subsequent exposure to diffuse and direct sunshine are not alike in the
early morning and in the afternoon. When leaves are separated in the morning, ere the
dew has evaporated, and whilst the air is relatively humid, the extent ang(i rate of
primary assumption of the nocturnal position by the pinnules is less than it is in
the afternoon, the amount of primary recovery is ' greater, the tendency to the occur-
rence of rapid movement on exposure to direct sunshine is less; seconda

. . ry partial recove
from the nocturnal position after rapid movements constantly occurs r i

in greater or less
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degree, and the secondary rachises throughout exhibat little or no movement In the
afternoon the pmnules assume the noctursl position much more rapudly and completely,
prmary recovery 18 mach more lmted, ramd resumption of the mocturnal poation on
exposure to direct sunshme occurs more frequently and much more completely, secondary
recovery does not follow continned exposuwre, and the secondary 1achuses exhubit more
raprd and much more derabl, i3 of 5

In order to explam theso expermmental results on the ordmanly accepted theory of the
eausation of the movements m AMimosa pudica, 1t must be assumed either that separation
from the amis and exposure to the suns ruys are stronger stumuli to protoplasmic
contraction 1 the afterncon tlan 1n the morming or that the protoplasts are mme
wmtable 1n the afternoon than i the mormmg, that separation from the aws render
the contractile protoplasts more umtable or more contractile than they are whilst
retaning their mormal relation to 1, that exposure to direct sunshme 1s in the mom
wg, only a temporary stmulant to contracti n but wm the afterncon a permament one
and, finally, that the protoplasts f the tertinry pulnim are much more untable than
those of the secondsry ones But sny such sssumptions have absolutely no foundation
beyond the belief that the movements must be dependent on active eontraction of
the protoplasts of the motor organs, and some of them aroc diwectly controverted by
facts Separation from the aws and exposure to the suns rays produce Zss effect in
the afterncon then i the mormng if the air and soi, m place of having become dryer
1 the interval, have become more humd, and leaves or shoots separated from the aw
when the soil and sir are ahke excessively hurmd are much fess “mntable ’ than
leaves or shoots sttached to the axis when sml and mir are both very dry

The other theory can, at all events pomt to the existence of differences i the
state of the tussues and of the env ponding with the duff m the
phenomena of movement at different perzods  So far as the tissues are concerned, it 1y
evident that 1 the mormng they must normelly contam a greater bulk of flmd than
they do m the afternoon ‘They have not had time to lose much by transpiratory
loss owing to the relatively high hunudity actually prevarling at the time and they
have previously been exposed to a prolonged period of abolished transpiation Under
these circumsiances they are hkely to contan 2 consdersble excess of water withm
the water conducting system beyond the bulk which 1s absolutely necessary to mamtain
active turpescence under the extmy d of d t; P y loss The
amount of surplus will, of course, vary very cousmderably under dufferent creutnstances |
but where the humdity of the sal 1s relatively hgh, 1t may well attan such a
level as to suffice, m comadence with shight transprratory loss to mawntan turgescence
1 the active hussues for some time after a complete arrest 15 put on any further root
supply by separation from the axis, and even m spite of actual active discharge of
water sttending the latter Under such cwcumstonces there 15 no mmmediate local
demand for root supply, ns the local water conducting system has become a reser
voir for o greater bulk of water than 15 immediately required to make good transpira
tory expenditure It 15 mot then at all surpr mg to find that, where previous and exis
tent conditions of sorl and mr wmply excesswe supply and mmmised loss of water
separation from the axis 15 attended erther by en eutre absence of movement, or by
very feeblo and lmited movement only Where the water content 1s such thet the
active escape of liqmd s sufficient to give me to a conmderable fall in the hqud
tenson pre<ent throughout the water conducting system <rectly, or prmanly throughout
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the systom of siovo-tubes in tho bast, ns Ilaberlandt waintaing, this may well give
riso to sudden inereasc in the amount of filtration occurring from the actively turges-
‘cont tissues of the motor organs. When the pulvinar tissues which make for the diurnal
position afford mueh greater facilities for fillration than those which make for the
nocturnal one, they must, under the circumstances, rapidly become relatively weakened,
and consequently rapid movements of clevation and convergence of the pinnules
must be lable to occur. The liability to the occurrence of xapid movement must vary
directly with the degreo to which tho opposing pulvinar masses differ from one another
in respoct to the filtrative facilities which they present, as it i3 on the presence of
sach differcces that alterations in their relative strength are, under ruch circum-
stances, detormined, and hence movements are much less constant and conspicuous in
the sccondary rachises than they are in the pinnules. But, so long as transpiratory
loss remains low, such filtrative escape does not imply absolute loss of liquid; it
morely implies the displacement of a certain amount of liquid from the interior of
thé activoly turgescont clements of the motor organs. A local supply of liquid will
thus romain available for oxpenditure in the re-cstablishment of active turgescence,
the precise amount varying, of cowrse, with the amount of reserve liquid r;riginaﬂv
present and with tho activity of transpiratory Joss for the time being. Cnnsequcnfh-'.
undor the influence of continued exposure to photic stimulation and  low f)‘dll.‘«'-pit‘ﬂtOl.'\:'
loss, turgescence must tend to be more or less completily re-established, sccing that
nothing has happened to interfere with the assimilatory activity of the tissues of the
motor organs, and thut a supply of water is present to mc;t the increased osmotic
capacity of the cell-sap comnected with continued assimilation. But as the masses
of pulvinar tissue which afford the major facilitics for filtrative loss are also fl;t;vx;
which under the influence of light undergo the greatest increase in furgescence co;l-
tinued exposure must.lead jco their gmqunlly regaining their relative Sh‘(}tlgtil to a :*reatcr
or les.s degree, and with this a resumption of the diurnal position must be correspotfdixwh‘
(.’Stﬂ.b}lslfed f\cconhng ?o the available supply of water. A new position of 'unsm:l:;lye
equilibrium is t.hus attained, and may remain unaltered for a considerable period so long as
- ‘ v s which imply increased tramspira-
tory }oss. If the increase be o very limited but progressive one, as it is on very damp
:;;c;;x;:;g{s azx('l 2':122 ilt(;b]sixsllr:szlu:lén1sbefp:;3fblo, the. cffects wh‘ich it will produce will be

‘ ) a slowly progressive character: the positi
which had arisen undor the previous conditions will no longer be mointained %) o
departure from it will not begin for some time and, whencfzﬁrl establ;sllned, l'lt e
of an insensibly progressive character, because the trnnspiratoryy loss wi -“; P b'e
is & very gradual one. In any case the drain will tell most heavily e Cﬂus-es 1t
. . ne cavily on those tissues
which present the greatest structural facilities for escape of fluid, and " the
initial effect of exposure to direct sunshine is the estublishmen;, of ) consequently, the
the nocturnal position. But where exposure implies the ecstablishm D;O'Vefm ents towards
great increase in transpiratory loss, the movements may no 10;0' enb 7y widen and
insonsibly progressive character, but may be conducted as rapidl ?er 0. o sow ’and
as those attending the original sepavation of the leaf from tII)xo ),'.or al?ms‘; as rapidly,
great increase in transpiratory loss here plays the samo 3 o 'Ihe' sudd.en and
part as the active discharge

of fluid from the detached petioles in giving rise to a considerable fall in liquid
Iqun
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which affoid speaal famhuies for filtrntne eseape of flud Under contmucd exposure,
Towever, an asamu'atory struggle for the remamung supply of wator 18 once more established,
and the tissues makmg for the diwrnal position once more undergo o 1elative inereaso
1n strength  This for some timo enables them to give mse to a partial resumption of the
digrnal position even under the new conditions of transpiratory loss, but, as the latter
continues, they agmn become weakened, and tho varous parts of the leaf gradually and
finally assume the posttions corresponding to tho passwve structural strength of the various
tissues entering anto thewr compoution

In the afternoon of the sume day, supposing that it Las been one of continuous
sunshune, and that no special wterfonng factors have come into play, the conditions both
of the tisues themselves snd of their environment are very different from what they
wero m the carly m roing  The tisues have for so long been cxposed to active trans
prratory loss as to ensure o great dunminution, 1f not & total expenditure, of any surplus
of water content beyond the umqum, necessary to meet the unmedimte demands of the

sctive el , ond at d ore such as to umply much more activo
transpiratory loss than that w lurh was present m tho mornmng  Under the circumstances,
it 1s only naturel that any p of t dependent on sl m the

rolations of supply and loss of water should show certain modxﬁcatmns 1 character, and
that thess modibuations should bo of the nature of those which are actually present
The supply of reserve-water within the water conducting system being greatly decrensed
or practieally exhavsted, ond transpirstory loss bemng greatly mercased, the mamtenance
of the dmrnal poation 1s secured only by means of immediate expendilure of the water
furmshed by the stream traversing the water conducting system from the roots, and
henco separation fromn the axis imphes an dinte and very derable dram upon
the active tissues Ilis sccuies proportionately rapid and complete action m the

fes and derabl m the dary riehiscs  Urder such eircumstances
the recovery of the diurnal postion s naturally less complete exposure to direct sun
shine 1s followed by more rapid movements and mure frequently by abrupt, epreading
movements, and the secondary sssumption of the nocturnal postion 18 not only much
more complete than 1t was m the morming, but 19 also final avd 13 never succceded by
any symptoms of secondary recovery.

Tn dealmg wath these phenamens of morements in leaves and shoofs when seponefed
from the axis and deprived of root supply of water, 1t has beun pomted out that exposure
to durect sunshune does not normally give mse to abrupt, but only to sensibly progresstve
movements The exposure necessarily imphies just as much nereased transpuratory loss
as 1t does i the ease of detached leaves and yet the occurrence of sudden movements 13
quito exceptional m place of being o frequent or, under certam circumstances & constant
event, a3 1t 1s 1o the latter Tius 13 readily explicable on account of the fact that leaves
whilst they are attached to the axis aro not solely dependent on mherent water supply,
but are permanently practically m o d paraliel to detached leaves
large smount of reserve water The continuous supply of water ascending from the
roots replaces the local reserve of water i detached Ipaves m which only slow nsen
sbly progressive movements occur. In meither case w( there any normal tendency to
rapid, sudden movements, because the sudden ncrease in transpiratory loss 18 to a great
extent equilibrated by the presence of an smple supply of water The sudden mcreaso
renders the mamntenance of the maximal dwurnal position impossible, but the loss
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scence is a gradual one, and where root-supply is sabundant and atmospheric humid-
s not excessively depressed, a modified diurnal position is shortly arrived at, the
se nature of which varies with the relations between supply and loss of water, the
ences in osmotic properties of the opposed masses of pulvinar tissues, and any altera-
in the leverage of distal parts which may have been induced. The reserve-water,
10 water continuously supplied from the roots, acts as a kind of buffer interposed
sen transpiratory loss and the water of turgescence contained within the active
s, The increased transpiratory loss must, of course, eventually tell on the amount
ater available for the up-keep of turgescence in all cases where root-supply is absent,
incapable of increasing in activity to the extent of entirely discounting the increased
but in the presence of a large stock of reserve-water or of active root-supply it
does so gi'adually, whereas in the cases of detached leaves, unprovided with much
ve-water, an active drain sets in at once upon the {urgescent tissues, and specially
hose which provide the greatest structural facilities for the redistribution of liquids.

But in certain cases rapid sudden movements do attend the sudden exposure of
hed leaves to direct sunshine. In hot dry weather, it not unfrequently happens that
1 the direct sunshine first strikes upon a plant in the morning a certain number of
youngest mobile leaves, in which full expansion of the pinnules has not yet been
slished, presently show rapid movements of depression in their primary petioles. The
sments in such cases may be owing to the action of the same cause as that which
sions sudden movements in detached leaves. They may be owing simply to the
en increase in transpiratory drain, acting upon the pulvinar tissues which make
the diurnal position at a time when they are specially structurally weak owing to
» incomplete development; but it appears probable that, in part at all events, they
their origin to the action of another factor. The delicate tissues of the terminal
ions of the axis on which the youngest leaves are situated are, of course, very readily
sted throughout by sudden changes in temperature, and just as a sudden and con-
rable fall in temperature must tend to establish a back-draught of liquid into the
ar-conducting system, so a sudden and considerable elevation may lead to tem-
iy obstruction to its onward progress. Any sudden elevation of temperature must
sion  corresponding expansion in all the gaseous contents of the water-conducting
em, and;if the expansion exceed certain limits, it must almost inevitably lead to
e or less obstruction of the current of water ascending from the roots. It is not,
‘ever, necessary to remain contented with theoretical considerations, for there is
clusive experimental evidence which demonstrates not only the occurrence of such
ruction, but also the fact that it is amply sufficient to give rise to the occurrence of
len and extensively propagated movements. If an open flame, or the points of a
ted pair of forceps, be applied to any point in the course of an axis of Mimose
ica, or, still better, if the sun’s rays be accurately focussed upon it, very conspicuous
nomena of movement presently manifest themselves in the leaves, unless under condi-
15, of excessive saturation’of the soil and atmosphere. In the case of young, soft
ots the treatment gives rise to conspicuous local change in colour and to more or less
spicuous discharge of liquid upon the surface, but in mature, hard shoots little change
colour occurs unless actual charring of the tissues be effected, and there is no exuda-
o on the surface. These differences are satisfaclorily explained by the differences in
» nature of the tissues in the two cases. In the young shoots a delicate epidermis
wvided with stomatic orifices is present covering a mass .of young active hypodermal
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tissue, whilst, 1n the matme axis, epidermis has been replaced by strata of corky tissue
protectmg the decper portions of hypoderma with s dense impermeable coat, and
there 13 no system of great mtercellular channels, ke that mn the hypoderma of the
petioles, to afford d to flmds ping from the interin of the hswue
clements (Plate V, Figs 8, 15} ‘1he phenomena are the parallels of those occurrmg m
cases of exposure of shoots to the action of chloroform vapour i which superfiaal
exudation of hqmd oceurs 1 young, green shoots and 18 entirely absent i mature,
woody ones Runmmng parallel with these differences m local effects, we find differences
m respect to the pk of t following the treatment In the case of the
young, soft shoots movements may occur both centripetally and centrifugally along the
course of the axs, just ms they occur both centrfugally and centripetally after tle
application of heat to pownts m the course of petioles, but mn old, woody shoots they
oceur m centnfugal direction alone, unless the powt at which heat 13 appled be m
medately m the neighbourhood of the first leaf m the centripetal direchon m which
case movements may occur m it, but m 1t alone m that direction (»1de appendix F)

Now, 1t 15 not easy to account for these phenomena of distnbution of moyement 1n
wature shoots, save as the result of local obstruction to water supply ~Where the shoots
are still young and soft, heating leads, not meiely to sudden local expansion of the
gaseous contents of the tissues, but to a sudden loss of water of turgescence from the
outer surface, precisely sumlar to that attendur g immersion 1 boling water or death due
to exposure to the vapour of chloroform, and i the case of petwles, although any
free escape of liqud of turgescence does mot occur on the outer surface, ample aceom
modation for such hqud 1s afforded by the great hypod ] t
but m the hard dense tisues of old axes the suberous strata prevemt superficial
exudation, and the densty of the texture throughout the hypoderma affords no
space for any appreciable bulk of lqud save withn the mtenor of the cells,
and hence sny sudden rise i \e 18 lly ded 1 givmg mse to
corresponding expansion of the gaseous contents of the Water conducting  system
Where sny appreanble exudatie discharge of hiqmd of turgescence takes place as
i the case of young soft ehoots, two factors affecting water supply come ntc
play, there 13 both sudden expansion of the gaseous contents of the water con
ductmg system, &nd 2 sudden establish of an ab [ local dram of lhiquid
Any obstructive action of the former con only tell m interfermg with water supply
1 o centrnfugal duection unless m the immediste neighbourhood of the site i which
1t ongnates, but the abnormal local dramn attending exudation must, of course be
capable of tellmg both centrifugally and centnpetally. There are (hus reasons why

ding on sudden d ] m water supply should m such cases

make thewr uppearance m both duections But where, as m old shoots, no local exudation
ocenrs, where no local dram 18 established, we bave to deal with obstruction alone
which can only tell centnfugally, or, m extremely localsed fashion, centrpetally, and
ly, 1t 15 only trifugally, or, 1n tha immediate neghbourhood of the mte of

n, petally, that any d with sudden dummnution of water
supply will cccur. Where local ob: and dramn d related to de
fective supply of water may occur 1 both directions, where obstruction alone 1s Ppresent,

they ean only occur Hly orin the d hbourhood of the site m which
the obstruction omgnates, because eerywhere beyond this area m the centripetal dizection
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i i increased in placo of decreased water-
- Conditions] m? S‘:);h t;lli 232312&1:;?;51;; Hzg ?:nll)?ﬂses giving fise to active protoplasmic
i i No’ tl’;mymotor oreans will account for these phonomena, because none of them
. 11; l’cehe fact th;t the propagation of movement should, in the case of young
et oot in both dircctions and in that of old ones in one only, or shouldz at all
- 000: ' lgceud beyond the immediste neighbourhood of the site of applicuhon,' or,
?Venti; ‘“0 of(is be confined solely to the area in which obstruction can come mt'o
1‘11 - _9; ‘i‘;]duc;nv decreased supply of water, The theory of ~active protoplasmic
soi{ra:tion here l-Jonce more breaks down, whilst the physical theory is able to afford 2
satisfactory explanation.

The phenomena of distribution of movement i:oﬂowing 'the local application of %\eat
to some point in the course of & mature axis of‘ Mimosa pu.(lzca may be reproduced 1.n]u.
suitably arranged piece of apparatus (Plate I, T ig. 1). T.lus consists of a stout, npn}g it
metal tube closed at the upper cstremity, provided w'xth a pumber of s]cn(.ler, -su?rt
lateral branches, and with a closely fitting stop.-cock inserted at :?uch.u point in its
length that some of the branches lic to its proxu.nal and others to its dzst'ul side. ‘Thc
branches are open at their extremities, and can readily L 'connecfcd 1\'1ﬂ'1 siultably weight-
ed pleces of glass-tubing by flexible joints of rubber-tubing. The ma}omty of the .glass
tubes are sealed at the end, but one or more of them are drawn out into .ﬁne capillary
ends and left open. Their woight ought to be such as to. sccure & certain amount of
flexion of the rubber-joints when the apparatus is filled with water. If the lower end
of the main tube be connected with a stream of water under a sufficiently high pressure
and the stop-cock be left open, fine jets of water will, of course, escape confinuo.us.ly fro?n
the capillary extremities of the open tubes, and ﬂfo flesion of all the rubber-joints TV:lu
diminish as pressure rises, with corresponding erection of the glass tubes connected with
them, But, on sudden closure of the stop-cock, escape of water wil.l continue to oceur frox.n
the capillary orifices for some time, and with this the rubber.-jomts' will recur to their
original state of flexion in all the branches situat:ed to the d}stul side of the stop-cock,
whilst all those on the proximal side will retain their position of erection unaltered.
Here, then, we have a distribution of movement exactly parallel to that occurring in the
case of mature axes of Mimosa on local application of heat at some poiut in their course.
The distal discharge of water from the capillary orifices ropresents transpiratory loss,
the stream of water entering the lower extremity of the main tube represents root-
supply, and the rubber-joints represent portions of tissue, like those present in the
motor organs of the leaves, which are liable to undergo rapid alterativns in strength in
connection with alterations in the relations between general supply and loss of water.
The sudden closure of the stop-cock suddenly obstructs all further access of water to
the distal part of the apparatus, and as distal loss continues, a rapid fall in pressure
takes place throughout the whole distal parts of the apparatus, the rubber joints cease to
be turgescent, and the position of the glass tubes comes to be that which is determined
by mere passive structural properties. But in the proximal part of the apparatus the

conditions of water-supply and loss remain unaltered, or, if anything

y & Tisé in pressure
takes place,

and hence there is no weakening of the joints or depression of the branches.
In those cases in which centripetal movements occur in connection with the application’
of heat to mature axes of Mimosa pudica, these movements are no doubt dependent on
centripetal extension of the obstructive gaseous expansion; so far as to involve the portions
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of the water conduching system concerned m the supply of tho leaf which moves They
occur only when the pomt of appheation 13 immediately sbove the mte of omgin of
a petole, and they never extend beyond that leaf

Not only are the effects which are produced by so called “stmuli” m giving
rise to movements in the leaves of Mumosa pudica profoundly modified by the p
of external conditions affecting supply and loss of water, but the effects which
follow the action of mdindual “stmub” differ 1 connection with the degree to
winch the latter are of a mnature to givo mse to distwrk m the rel of
general supply and loss At any given perod it will be found that mmple contact
disturbance gives rise to less effect than section or other interruption in the continuity
of the tussues does, and that the latter, i 1its turn, 13 less efficient m giving nse
to movement than the appheation of strong heat 13

1 n Tisod

When soil and ar are ahke humd, contact ¢ purely I
effects  If pressure be applied to the uuder surface of the pmnmary pulvinus or the
upper surface of the pmmary petiole, full depression of the latter takes place, but the
distal portions of the leaf show not the famtest traces of movement, the secondary
raclises remmmung fully divergent, and the pmnules 1 the maximal diurnal position
of expansion Under smmular eircumstances the movements of individual pumules
which have been subjected to contact are equally purely locahsed, so long as displace
ment of onc does not mply mechamcal disturbance of another The movements
of individusl termimal pinnules sre, of course, not mecessanly lable to give mnse to
any derab) h 1 d 2 clsewhere, but, 1 the case of all the others,
a disturbing snfluence 13 1atroduced by the fact that they are ordiarily sct upon tle
raclus at such narrow imtervals that, wlen m the dwmmnal posttion, the postemor half
of each lammna overlaps the anterior lalf of the lamina of the pmnule mtuated
behind 1t on the rachis (Plate V, Iig 3) Owmng to ilus arrangement the sudden
elevation of any pwnule must necessauly give mse to a certmn amount of upward
pressure on the one i front of 1t In spite of tlus, however, purely localised
punular movements may very readdy be evoked even 1w perfectly normal leaves
when conditions of tellmic and atmosphertc moisture are very ugh Where conditions
of mowsturo aro not so excesstve movements in normal leaves are lhable to extend
beyond the prnmauly affecied punule for a certmin distance along the raclus m a
centr fugal direction  Under theso circumstances, m order to obtmn perfectly localised
pmnular movements, 1t 15 necessary to select particular leaves for expenment It 1s
not at all unusual to meet with leaves which dewiato so far from the normal standard
a3 to havo therr puomules set on #o far apart that, when wn thewr maximal dimal
position, they do not overlap omo onother, but stand quite free and apart as tho o of
L usaena giavce normally do In such lcaves it 15 quie easy to show that, even
when conditions of humdity are ouly moderately Ilugh, pmnular movements evohed
by contact sro purely localise]l  In such cascs 1t 13 casy to couso full displacement
of slternate pinnules nll along one or both mdes of tho mclus without mduemg tio
shighto ¢ t 1 the diate  ones wluach are not directly subjected to
contact The displacement may be caused ether by pressuro on the upper surface
of the tertury pulvinus or on tho under smfaco of the lamuna 1o both cases alle
the movement remoins strictly localised VWhen atmosplenc and tellune humidity

Avx. Rot Dor Ganp Caccvrra Vou VL
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fall to a low level and temperature is high, "it is very difficult to secure strictly
localised pinnular movements, or even strictly localiscd movements in the primary
petioles; action almost invariably being diffused along the comrse of the rachis to some
extent in the case of pinmular “stimulation,” and sudden depression of the primary
petiole heing followed Dby pinnular action in- one or more of the seccondary rachises,
and in some cases by varying dogrees of convergonce of the latter themselves, The
diffusion of movement subsequont to sudden depression of the primary petiole is no
doubt mainly owing to the sudden upward pressure to which the pinnules are exposed
from the air during the cowrse of tho rapid descent of the leaf, and to the fact
that, in the position of full depression, leverage comes in to make for convergence of
the sccondary rachises.  These agencies are incapable of giving rise to any appreciable
effects under tho conditions of rclativoly stable equilibrimm prosent in connection with
excessive tolluric and atmospheric humidity, but are liable to produce some cffect under
conditions in which the drain upon the actively turgescent tissues of tho motor organs
is higher. Tn any case, contact-“stimulation” is a factor affecting processes of local
filtration, but it will naturally give vise to different ultimate effects according to the
degree to which the turgescent tissues are already cxposed to active drain of liquid.
The upward pressure of the air on the rapidly descending laminar surfaces in cases
where the primary movement is one of petiolar depression, replaces the upward pressure
which any primarily displaced pinnule normally exerts on its distally situated neighbour.
Just as primary petiolar depression is followed by an cntirc absonece of pinnular
movements under conditions of high humidity, so in many cases under similar
circumstances the elevating action of the primarily displaced pinnule is insufficient to
give rise to anything save a cortain amount of flexion in the Ilamina on which it
acts, without any evidence of any alteration in pulvinar turgescence.
The mutual .rels.t.ions of the laminar surfaces of adjacent pinnules is amply sufficient
to acc.ount for fhﬁ’usxon of movement as a mere result of diffusion of conditions
f;z;;:uzzlciesfil‘trg&tizzinio illlongleiz;s I;;llllte Imovler?ents foll.ow a centrifugal direction only.
cards or blocks of x;ood in the oldui'm;i(}iz.rm:]f'lclllir ‘;flsely OO;r??pond to'the e
Primary displacement of one at one end of tll S 'game' o Tk gone fo market.”
coonre o propagation of maovoment ﬂomoth he t.semis.; is all that is necessary to
blocks be ﬁrml; supported,—if the‘ bz i)::3 zn oo df:' o ? fhe antenfn: gards o
impulse from their pOStel‘iO’rly Situa)tred neiabl C‘On Ho.n of stable equilibrium—an
' ° ) e gbbours, which would amply suffice to
give rise to displacement under conditions of unstable equilibrium, will fail to prod
any appreciable effect.  The propagation of movement alone tI;e Series——-thep“' u?te
ability ” of the apparatus—rises with the instability of equilil?rium just as it d e
the case of the pinnules. Whilst this is so in tecard % '] ) -1 .oes m
movements along the course of the secondar °g 0. centrifugal diffusion of
ary rachis, centripetal propagation cannot

bt:a S0 sunply accounted for; as there is mno satisfactory evidence that, when in f
diurnal position, each successive lamina exerts any considerable active doxjmw ? n
on the. upper .surface of the one behind it, It is possible, however, that :arh px:essure
may, in certain cases at all events, be present in some dogron. o n’d g ucf Plessur-e
is, }ts sudden removal on the elevation of the depressant pcinm;.]e( must Sj? s
equivalent to a rise in the relative strength of the inferior ulvinus, of course, be
the depress?,(} pinnule, and consequently a factor calculated to Pive i p: mg?hy wa of
in the equilibrium of posifion in the latter. The fact, howefer tlrxt:: :10\1:121 l‘btan(";
) vement o
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the pimules ong z m tion with contact 15 much less hable to be diffused
to any derable exfent centripetally than centrfugally, seems to mdicato that any
such removal of pressure 1t a factor of no consderable importance, and 1t appears
probable that the spread of centrifugal movement 1s sded by, and that of centnpetal
movement mainly dependent om, the action of an agency of & perfectly distinct
nature

So Jong as transpiatory loss 15 low and root supply of water 13 abundant, the
prumary filtrative discharge of flud sncadent on the local increase 1n pressure caused
by contact mmplies & mere local redistmbution of water and no dmunution i the
stock Jable for the \7 of turg The h: 1 disturbance ensures
an mereased activity of filtrative disch d

and p g d m yit

m certamm masses of fissue, but 1t does not interfore otherwise with the assimulatory
activity of the protoplasts on which the osmotic capaaity of the cellsap and conse
quently the turgescent copamty of the cells depend On the of the
filtrative dusturbance, they will, therefore, at once begin to regam thexr normal state of
targescence, and, owing to the abundanco of water which 1s available, they will readily
be able to do so without n any way mterfermg with the turgescenco of neighbourmng
elements  But where conditions of humudity are such that turgescenco 1s only
mamntamned as the result of an exact equhbration between root supply and transpiratory
loss, this 18 no looger the case A cerfamn awount of the water discharged from
the turgad elements of the active tissues, all of it, at all events, which passes into
the mtercellular system of spaces, 1s Lable to be rapidly removed under the mflucnce
of continued active transpiration, and this, under the crrcumstances, implies an absoluto
dunmution 1 the entire stock available for the up keep of turgescence The tissues
which prumanly lost iy m with d filtration remam as
active as ever They are just as eager to satisfy thewr osmotic capacitics as they
were lLefore, and 1 thew efforts to do 50 they must tend to interfere with the
supply of meighbounng tissues just proportion to the amount of actual loss in the
general stoch of water which was induced by the primary filtrative discharge  The
sprend of movements along the course of a rachis must certamnly be favoured by such
a disturbance m the supply of water, and, 8s 1z nommal leaves 1t 1s very difficult to
secure that ony mechamcal disturbance has been prmanly stmetly locahised to onme
or other of the wmdinidusl pnnules, 1t 18 hittle wonder that, in the presence of external
condittons 1mplyng maxmmal nstabilty of position, a certan estenson of movement
should ocour even m cases 1 which the direct mechanieal action of the moving punules
upon thew neighbours cannot fully account for the phemomenon In any caso, the move
ments followmng contact have a very hmited extension and, under errcumstanees 1 which
the evidence of other so called stimuhi 13 followed by more or less extensive propagation
of movement, they are normally stnctly localised to the pomts pnmenly affected They
do mot 1 themselves necessamly involve any actual loss of hiqmd, but mere temporary
redistribution of 1t, and hence they aro not m themselves eficient causes of widely
Aiffused disturbance m the relations of supply and loss of liquid 1n the actively targescent
tissues

This 18 no longer the case when the primary agent in determuning the oceurrence
of movement 18 o rupture m the contmuty of the tissues  Incwsion of the axis or petiole,
or amputation of portions of tho lpminx of pmnules, 1s followed not merely by movements,
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TS s. In most cases the discharge is very
but by a discharge of llqlfld flo;n th: ::Itllt ‘i?ifscg ¢ oments do not ocaur vory sapidly, it
conspicu(?us; and, m-ld?r.flnﬁufsi:nizethe primary result, and that movements only ensue
can eadily be dotermined Bho ; has b -to manifest itself. ITor example,

-ecigble interval after its occurrence has egtfn s ¢
ab an appreciable ted at a time when telluric and atmospheric
if tho tip of o pinnule bo gondly ﬂmputﬂ.e h ti ulvinus have been

idity i essive, and if all contact disturbance of the ter 1:.11'y P -

humldl;}’u . a.(:f)ided ;10 movement whatever occurs for a considerable m.ter\'al. But
Zii(i}iis llhiz interval’conspicuous exudation occurs on th? c.ut surface, 111 pr(;)mment‘ d:sgle:
of 1iqt1,1id appearing on the divided extren{ity of the midrib, a;d ;mal er r(g):t piveﬁerevez
themselves near the margins of the lamina over the cuf on 1s1 o x('l(?'lcl.ls. Vg
active exudation of this nature is present, we have to .(leal with condi ;(.ms et X ;)m)ir
no mere local redistribution of liquid throt‘lgh.out th.e tissues, but an lt:c ive ; t:i egcence
loss of o portion of the general stock of liquid :.Lle.able for the up- ;zep od ]rg s Thi;
and hence a disturbance in the pre-existent cquilibrium between sup1:1 y ‘nn OSS;H This
disturbance must necessarily be liable to extend to a greater or less . eag'z ect .accor 1;0 L
the actual amount of loss which takes plac‘e and to the cond.ltlons of the 1szucs, 0 e
soil, and of the air at the time at which it occurs, There is, thercfore, goo grmlm I

D hat such ¢“stimulation” should be more frequently and more extetgsp@]y follow 4
ekpe({f t {:nena of diffusion of movement beyond the site of primary origination thm.l is
E};tilfn:ﬁ;iun” by agencics giving rise to mere alterz}tions in local prcssul‘elflnd 1ﬁltr'a'a.oni
Iven the most casual observation is amply ‘ suﬁ?cxent tq show that this t 1eowttfa
demand is fully met by actual fact. Whilst isolated piunular n‘ltovt.ments. art,a,, under
average conditions of humidity, the normal sequence of contact: st.lmulutlo.n,. pun‘al}y
isolut:d movements are quite cxceptional phenomena, only' occurrmg; In assocm'?l?n with
conditions of excessive humidity, after incision of the tsz}les. Where con.dmons. of
atmospheric and telluric humidity are, and have. for some time been, excesswe]y. high,
amputation of the tip of a lamina is 'occa.smnally followed by fnow?me.nt in the
injured pinnule only, or, in the case (?f‘ heavily-laden leaves', ’by action m.lt and the
primary pulvinus alone; but, under conditions of average hunn(.hty,_ ilI.ld at tnnes. when
contact is “followed by strictly localised movement in the primarily” affected pmmfle,
amputation or incision of the tip of a pinnule is followed by m<')v_ements (fx-tendmg
along the entire course of that secondary rachis, at least. . \.\ here conditions of
humidity are higher, the propagation of movement becomes more lmited anfl.extends only
partially over the course of the rachises; and, on the other hand, Wh'en. ?ondltlons are sgch
that contact is liable to be followed by diffusion of movement, mclsmn. or amputation
is attended by movements which are often propagated throughout the entire area of the
leaf. 'When contact-“stimulation’ is attended by strictly localised movement, incision
or amputation is ordinarily followed by movements extending over a portion of the leaf,
and when contact is attended by a limited amount of diffusion of movement,- incision or
amputation is ordinarily followed by movements extending throughout the entire leaf.
The only possible explanations of these differences are either that incision is g stronger
stimulant to protoplasmic contraction, or a more efficient determinant of alterations in the
pre-existant relations between supply and loss of liquid than contact is.
ordinarily accepted theory we must assume that it is the former without,
any independent evidence that it actually is so ; according to the purely
of movement we are not obliged to make any groundless assumption,
are such as to leave no room for doubt that it actually does gi

According to the
however, 'having
physical theory
as the phenomena
ve rise to greater
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disturbance in the relations Detmeen loss and supply of hqmd than any mere
contact 18 capable of determiming.

There can be no question that rupture of the continwmity of the tiesuos by ncison
15 o much stronger determmant of the diffusion of movement than mcre contact
wmpulses are, but 1n this respect it falls far ehort of injumes effected by means of heat.
The ding tho appt of an open flame, of highly heated metal, or
of tho corefuily focussed rays of the sun to wdimdual pumules =m0 never of n stnatly
locahsed mature Even under conditions of maximal hunndity & certan amount of
diffusion of movement occurs, under crrcumstances when inason 1s followed by mose
ments extending over the entwre secondary raclus to which tle prmanly injured
punnulo belongs, the application of leat gnes mse o movements cxtending orver
the entwre leaf, and when mnasion 15 followed by t dmg over tle
entiro leaf, heating 18 followed not metely by these, but by movements n n rvarying
but tometimes consderablo number of Jeaves nlong the courso of tle nxis 10 which
thoe primanly affccted one 13 attached This may at first sight appear as though 1t
were ndverse to the physecal theory of movewent, snd ouly exphenblo as tho result
of the presence of differences 1 degree of specific protoplasmic stimulation, but it s
only o casual obscrvation that it docs so. Tho evidenco of the occurrenco of eny
consilerable exudative loss of hqud from tho tissues 13 certamly not os o rule o
conspicuous 08 1t 15, 1o cases where tho continmty of tho tisucs 13 internupted by
means of mamon. This s, however, m great part cxplicable as the 1esult of tle
different conditions to wlueh any exudation 1s exposed in tho two cases In coses
of ncsion we are dealing with mero ruptare in tho continuty of tho tssmes, ond, so
long 88 stmosphenc humidity 13 not excesavely low, any hqud wlich  e<capes
naturplly tends to accumulato locally, and thercforo to nppear contpicuously — But
whero the tissues are mjured by the appl of heat, localised 1 for exces.no
evoporation aro Ddecessanly  present, and  therefore an abeence of lical arcumulation
of liqud docs not mply an sbsenco of local exudation, Where & conaiderable mass of
soft succulent tissue 13 present, as 1 the case of young axcs, the local appheation
of heat 1s often followed by conspicuons indications of exudation even m spito of
the attendant exccssivo cvoporation, but when tho mass of tisue 13 limted 1n
relation to the heat, as 1t 18 1o the cace of pionules, the repid evaforition moeks
the discharge, The mso 1n evaporation, morcover, 13 not of courco strictly locahised
to the spot to which the healing ogent 1s directly appled, but must cxtend over
a cortain area boyond this, o that there s not mere Jocal exudation and evaporation
from tho actuslly mnjured tissues, Lut a cause for sudden ancremse in transpirntory loes
m neghbounng sod intaet ones  This o usclf 13 sufficent to account for the fact
that heat shuuld be a more effcicnt determinant of movement than mason 1+ In cancs
of inemon the primary alteration 1n the condition of the tieenes 19 o stretly locnhed one,
whilst, 1n cases where heat 13 apphied, thero 13 not merely intnnmc loeal change 1n the
tresues 1m the d. site of application, bat an alt m the extunne conditions
to which neighbounng tisues are cspoted. But apother exrcumttanco nho cores in to
render heating & mero ¢ffcent came of extensve movement them nmplo rujture
of tho continmty of tho tissues 1s The hqud wlich cxndes from the tusues «n
wemon very vapidly evaperates 2nd condentes when exposed to the am, and soon forms
8y t stratum precluding farther ercape from the dinded surfices, ond as tlo
loeal injury to tssue s cxtremely hmmited, the smite of 1nmnon  coascs to be & weak
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oint in respcct to relations between supply anfl loss .of water. The‘ z'xbn(?rmal dran;

‘ the memeral stock of liquid within the tissues is. purely tempon.ny in cases o
ision. But this is no longer the cise where portions of tissue are kﬂle.d by applica-
;?;}:12? .heat. Any ordinary application of heat to a particular point implies the dgat};
of considerable masses of tissue and, as we have ah.-eady soen, zmy1 dead mlzxssst ok
tissue represents a permanent site of abnorma.lly excessive drain upon tu]a genle]rz:.] oca
of liquid. The details which were given in Chapter 1I reg:.lrdmg the Ip e f;)menl
occurring in connection with the death of portu.ms of axes or mclllsfzs .under tle.m 1(116nlce
of the vapour of chloroform and heat arc sufficient to sh(?W that tlm? is .the case; an dt e
fact is of course constantly brought before us by the d1fﬁ(.:ultY. wlucl'x is enc(zuntereh 1'n
keeping portions of a leaf or shoot turgid beyond any point in which the. txssucsf a;) e
been killed by means which do not in any way .mtcrfere with the cfficiency o t e
water-conducting system, whenever external conditions are such as to favour act?ve
evaporative loss. In cases of the app!icatio.n of hea.t, then, we do‘ not merfaly .deterx;).me
temporary exudative and evaporative loss 1 the site .of application and 1its um]nedm.te
neighbourhood; but we also almost inevitably .estubhsh. u:.permanex.lt a-bnorma rain
upon the water-supply generally, and with this the liability to diffusion of move-
ments naturally increases.

In cases of contact-“stimulation” we induce mere local redistributions of liquid
within the tissues; in cases of incision we give rise to temporary exudntive.loss frofn
the general supply of liquid; in cases of heating we sccure not ‘on'ly this, btft in
addition we establish temporary increase in transpiratory loss and a site of persistent
abnormal drain. The tendency to diffusion of movement is at 2 minimum in cases
of contact; in cases of incision it increases; in cases of heating it rises to a maxi-
mum. The two sets of facts run parallel with one another, and the former of them
affords an explanation of the latter, if we accept the view that the movements. a.re
dependent on fluctuations in the relations: existing between supply and loss of liquid.
If, on the other hand, we insist on adhering to the popular theory, we must be con-
fent to assume that contact, incision, and heat arc stimuli which differ from one another
in their capacity for inducing active protoplasmic contraction.

CHAPTER XII.
The ranses of the propagation of mobements in Mimosa pudica.

Whilst the movements of the various parts of the leaves of AMimosa pudica have
by common consent been ascribed to the .action of certain special masses of irritable
and contractile tissue in the motor organs, several distinct theories have been advanced
to explain the phenomenon of the diffusion of movements beyond the site in which
they are originally induced, or, according to the ordinarily accepted theory, to explain the
diffusion of “stimulation” from one part to another. According to the older observers,
Dutrochet, Sachs, Hoffmeister and Pfeffer, fluctuations in the pressure of the current
of liquid traversing the wood played the part of mechanical stimuli to the irritable
and contractile clements in the tissue of the motér organs. At a later period, and when
attention was first attracted to the fact that, as a general rule, the protoplasts of vege-
table tissues are not isolated, but are connected with one another so as to form a con-
tinuous reticulum, an attempt was made to substitute a nervous for a mechanical theory
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of propagation T'mally, Haberlandt has reverted to the older view with the modification
that, according to lnm, the stuwulant fluctuations . hqmd pressure do not normally
traverso the wood, but the system of large sieve tubes m the soft bast which ho regards
as constitnting a specific ¢ Rewzlelende syséeom ™ Ths theory agrees with that of the older
writers 1o regardmg flactuations 1n hqud pressure as serving as mechanteal stmuh o
the spemfic contractile spparatus in tho mofor organs, but affirms that such stimaulant
fluctuations are practically solely diffused by means of the sicve tubes of the soft bast
Iie does not question the exsstence of specal intable and contractilo tissucs v the
motor organs, but merely modifics the older viow m regard to the precise paths followed
by the agencies which aro assumed to call these mto actiaty His theory 13 mainly
founded on the fact that he was able to demonstrate that the hqmd which exudes from
the tissues when they are meised 18 not mero water, as 1t should bo if denved solely
from the wood, but 15 m great part composed of matensls which are ewidently derned
from tho meve tubes of the bast No one can deny that ho has successfully demonstrated
this, and has added greatly to our knowledgo of tho ustological detals of Mmosa pud ca,
but he has certainly not succeeded i prowing that lus ¢ Relafende systen” 1s speafi
cally and essentually related to the ph of prop 10n of mov t. s own
experimenta? results indeed force hum to allow that propagation may oceur in spite of
the entire absence of s conducting system throughout considerable sreas of tissue, but
aotwithstanding this, lus desire to establish the presence of a speeific mechanical nervous
apporatus leads hom to adhere to lus theory When Lo found that propagation extended
beyond areas which had been entirely denuded of lus “ Revletende system,” and 18 foreed
to allow that mn such eases diffnsion of mmpulses must have taken place through the wood,
1t might have been expected that Ins views as to the specific value of the system of seve-
tubes would have und some dufi but app Iy they wero too firmly
subjectively established nt the timo at which ho made the observation to bo shaken by
conflicted with them o had, of course (although ho does not appear
to recogmse ) equally clearly demonstrated the fact that propagstion could occur
apart from the presence of any continuous system of turmd meve tubes, m tho
experiments on which ho founds lus deamve rejection of the theory of propage
tion by means of y of hvmng protopl In these experiments ho killed
the tissues of o certam ares m the course of tho petioles of Ieaves Ly menns
of boting them, and then determmed tho fact that *stunulation” applied at one mde

any facts which

of the dead area was d by the o of acnts on the other sde
Now this, no doubt, very satisf 1y d d that @it of could
not be tially dependent on the propagation of ympulses along trcts of

Iiving protoplasm, but 1t Just as cfcctually proved that it was not necesanly owing to
any propagation of inpulses along the courso of continuous system of turgmud exeve tubes
The botmg of the peticlar tissuo secured tho nterpostion of an arex of dead protoplasm,
Dut 1t just as certmnly sccured the mnterposition of an ares devoid of turmdity, and 1
addition to tlus of an area witlun wlich an abnormal leahago of water was present
1o wns cvidently aware of tho latter fact, as ho specially alludes to the nocessity which
srices 10 such cases of taking specusl means to prevent the drymng up of the parts
beyond tho boded area, but, m spte of this, he appears to assumo that tho tur
gnhty of the sieve tubes remoined mtact  The powtion 13 en incomprehenable one, he

that tho prescnce of n contmnuous eystem of turgid eicve-tubes, and even

Anx Tor Bor Gaep Cireorra Vou VI
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that the presence of sieve-tubes at all, is unnecessary for the occurrence of propaga-
tion of movement, and yet maintains that tho presence of such o system is specifically
related to the phenomenon.

The results which may be obtained whore areas in the course of entire axes in
place of petioles are killed by means of the local application of heat are even more
convincing. Areas of a quarter of an inch in length in the course of axes may he
readily killed by boiling, or more conveniently by thoroughly searing them with heated
forceps. It is easy to kill several successive arcas at intervals along the course of a single
axis, and yet propagation of movement will take place from points on the proximal side
of the lowest dead area to points situatea on the distal side of the highest one. For
example, taking a small plant and scaring the axis in two points so {hat one or more
leaves are situated below the lowest seared area, one leaf between the two seared areas,
and several beyond tho distal seared area, it will be found that, when external conditions
are such as to favour the occurrence of propagation of movements, the application of
heat to the base of the axis is followed by action in all the leaves alike, whether beneath,
between, or beyond the searcd aveas (vide Appendix G). It is casy to determine in
such cases, by means of scctions carried through the entire thicknoss of the axis, that
the tissues have been completely killed throughout (Plate V, Tig 7). This, of course,
demonstrates that any continuity of living protoplasm is unnecessary, and on Haberlandt’s
theory forces us to assume that the initial impulses originating in his specific conducting
system undergo a primary transfer to the wood, a return to the specific conducting
system, a renewed transfer to the wood, and a renewed transfor to the specific conduct:
ing system, ere they tell on any leaves situated beyond the distal scared area.
the specificity of the “ Reizleitende system” is, under such circumstances,

Surely
hard to recognise.
But it is not only by such experiments that the groundlessness of Haberlandt's
assumption may be demonstrated. The phenomena, which have been already deseribed
as following the local application of heat to points in mature, hard axes are equall

conclusively opposed to it. In such cases, if the diffusion of movemcnt were essex(llﬁally
dependent on the propagation of fluctuations in pressure along a system of tubes ﬁug
with liquid, it ought assuredly to take place in both directions alike. But this it et
certainly does not do; for, whilst granting thut external conditions are favourable + mt(;S
occurrence of movements, centrifugal diffusion normally oceurs with the greatest cert(z)l' tle
and to an indefinite extent, centripetal diffusion is normally entirely absent, and jnutlhz

<y

exceptional cases i‘n which it does oceur, is entirely limited to the very immediate nejo}

b?urho?d _of the site at which heat is applied. In any continuouns system of tubes ﬁ]{ilci

with liquid, the local application of heat to any particular point in its course mue t
8

1r;f3.v1tablydgn:e rise to an increase in pressure which must be propagated in both directions
3 1,1:8 ; and, 1f Increase 1n pressure throughout the System ‘were an essential factor in
etermining th \ 5 .

g the occurrence of movements, movements would certainly manifest themselves

in both directions, alike. But as a matte ise i
. r of fact, the r ‘essure 1 i
both directions, whilst movements oceur on : 7 prossure s propagated in

2 \ ; ly in one.
; al;erlani‘; 1st'unquestflonably right in maintaining that mueh of the liquid which

exudes irom the tissues of Mimosz pudica on incision is deri
: erived from the highly turmid:
tissues of the soft bast., but the latter do not hold any truly specifie relaﬁony ’coul flﬁ
:‘j(cllélelence of p;op'agz%tlon of moven.lent.- They provide an apparatus facilitating the
n escape of liquid from the tissues, and hence an apparatus facilitating sudden
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fluctuations 10 the Liqud contents of the latter, but here their relation to the occurrence
of propagation of movements ccases Thewr excesstve turgidity and thew structure
render them effective agents m securmg the loss of large quantities of Liqmd on ma
sion, and thas provides for a disturbance 1 the pre-cxustent equlibnum between supply
and loss of hqmd generaily Thewr excessive turmdity secures o largo discharge of
Lgwd and ther high osmotic capacty, on which thewr normal turgescence depends, must
render them a source of excesstve dran upon tho generally avmlable stock of hqud  Any
sudden discharge of a large quantity of hqud from them imphes a suddenly 1nereased
demand upon the general water supply, and, owmng to their excessive osmotic capaaity,
they are well adapted to worst other active tissues in the struggle which must ensue unul
2 condihion of liqud equlibrium be once more established  As has been already ponted
out, the presence of any extensive system of excesuvely osmotic eloments 1s m usclf an
element favouring 1ostability of equilibrium on the relations between general loss and
supply of hiqud 1n less Inghly osmotie tissues  When any great loss i turgidity occurs
withw 1t, apart from sny alteration m 1ts functional activities, and consequently of 1ts
osmotic capacity, the latter co operates with sctive transpiratory loss i giving rise to o
great draught upon the general stock of flud lable for the 1 of )
whilst the comadent fall of pressure probably mduces additonal filtrative escapo from
other active tissues The ¢ Rewlestende system ’ 1s an apparatus through means of wlich
the conditions of equiibrum between general supply and loss of Lqwd may ko very
readily dusturbed and, therefore, 13 an apparatus through means of which movements may
readily be indureetly determimed , but 1s not pecuhar or epeaific m this respect for, as
wo have already seen, smmular effects may be produced by means of changes taling
place within the wood

Haoberlandt affirms that any fluctuations of pressure within the system of sewve tubes,
whether of & positive or negative nature, are capsble of acting as stimulants to the con
tractilo tissus of the motor organs But tho phenomena attending the local appheation of
heat to mature, hard axes show that fluctuations of pressure within 1t are not necessanly
efficient factors 1 determunng movements, and also that 1t 19 only nemative fluctuations
m general hqud pressure that arc anywhere efficient In such cases we have posttive
fluctuations m hquid pressuro arsmg withim the meve tubes 1n both directions alke, and
movements occurnng only centrifugally, thot 15 m the dircetion of dimmshed liqmd
pressure, withmn the water conducting system  Nogative fluctuations i liqmd pressure 1n
these cases occur m all distally sitnated areas m consequence of tho obstructivo expanmion
of the gases of the water conducting system, 1n cases of imamsion, on the other hand,
amular fluctuations anso both centnpetally and centnfugally owmg to tho sudden cseapo
of considerablo masses of hqud from the tissues In the first mnstance, movements occur
only centnifugally, m the second both centripetally and centrifugally , 1n other words, 10 both
nstances alike, the distribution of movements des with tho dstnl of negatine
fluctuations n hquid pressure  Such fluctuafions may enso i vanous ways, they may
anse 1n consequence of escape of hqmd from the system of sicve-tubes, of obstructions
spung m tho water conducting system of the wood, of sudden contraction in the
gnscons contents of the latter, of wereased tramspiratory lows, or of sudden arrest of
root supply connected with separation from the axs, ond m all cases ahbo they aro
hable to bo followed by the of spreading Negativo fluctuations
1 general hqmd pre suro are the epeaific determnants of oll spreading movements wlich
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aro not mechanically produced by the relation of neighhouring parts, as in the case of
adjoining pinnules; but thore is no one specific apparatus by which such fluctuations are

determined. .

Movements may be induced by tho action of three distinet factors: by fluctuations
in the osmotic capacity of the tissues of tho motor organs, by fluctuations in the con-
ditions affecting processcs of local filtration within the motor organs, and finally, by flue-
tuations in the conditions of general supply and loss of water. The normal periodic
nyctitropic movements of the leaves, or those arising under the influence of exposure to
anmstheties, aro determined by the nction of the first of these factors; the movements
following contact are primarily determined by tho sccond; those following incision or
heating of the axis, or thoso atiending excessive transpiration by the third. We have thus
to deal with threo distinet classes of movements in so far as their causation is concerned,
and it is only in connection with onc of these that phenomena of propagation manifest
thomsclves. Tho cffects of anwesthetics or of partinl deprivation of light are strictly
localised to the arcas directly subjected to the abmormal conditions, and within which
depression of functional aectivity, and consequently of osmotie property, takes place.
Movements induced by local increase in filtration, where this alone comes into play, are
equally unattended by any diffusion. Itis only whore, and only so far as, conditions
affecting the relations of general supply and loss of water are present that any pro-
pagation of movement occurs; and, finally, it is only when and so far as such conditions
effect negative fiuctuations in the supply of wator available for the maintenance of tur-
gescence, that they are efficient in giving rise to propagation of movements.

E. J. H.—Reg. No. 64665320 ~18.12 94,



APPENDIX A

THE EFPFECTS OF DISTAL LFVERAGE ON THE POSITION OF THE PRINMARY PETIOLE
OF THE LEAVES OF MIMOSA PUDICA

Wurx detached shoots of Mimosa pudica 2re set in water and nave A fresh absorphive surface
pronded by subajueous amputatior of tneiwr lower ends, the punules under the wfluence of light
presently assume their normal diurual positico, uuless atmospherie humid ty be sbnormally low, or when
they are exp sed to the 1aflueice of direct sunshine  The primry petioles, however, ordinanly remam
somowhat depressed If now all the pmnules te gently eut off no senuble 1ncresse 1a petiolar
deprossiou nsually ceours m spite of the escape of a vertmn amount of liqmd from the tissues which
recessanly attends the procedure, and presently steady progresaive elevation of the petioles sets . The
amount of shsorption of water tabing place at the cut extremity of the shoot 13 insuffictent to secure
elevation of the petoles so long as the inferior parenchyma of the pnmery pulvinus has to contend
vith the normal leverage of the dutal portions of the leaf, but suffices to do so when the leversge vs
cons derably reduced by the remaval of the pinnules

Extreme elevation of the primaery petioles ocours under the following econditions —I  Prolonged
dep of latory functiou with d vecpiratory loss and suppression of transpirstion, such
83 takes jlace dwig the course of the mght II Exposure to an environment implying excessive

y loss III Amp of the prnules or pmom lhe only eommon festure which
these oondittons present 1s that they all imply the establishnient of a commderablo redaction 1 distal
loversge

Sudden, rapid movements of elevation of the pnmary petioles corresponding to the commou sudden

of dep . whoh so ly mamfest th \ are of very rare accurremce This
s owng m psrt te the mheient structursl features which dwstinguish the nferior aud superior wmarses
of parenchyms 1 the primary pulvious ond partly to the fact that the superior moss is co-operated
with by distal leverage, whilst the wferior one 18 directly opposed by 1t Viably progressive movements
of clevation, and even sudden, rapid movemonts of a sumlar nature do, however, mamfest themselves
ynder certan encumstances When a plant 1 enclosed within a saturated atmospbere and exposed to
d ffused suulght, extreme expanmon of the dustal portions of the leaf and maxmimal elevation of the
pnmary priwoles occurs If now 1t be suddenly exposed to relatively dry sir, and consequently to
eudden transpiratory loss, elevation of the pinniles and deep dopression of the primary petiles ocours
slmost immediately w the majorty of the leaves, and on returnng it to the eaturated atmosphers
peliolar elovabion sets 1 at oncs and progresses so rapully a3 to be readily wsible to the unaided eye
Tn such eases the movements of elevatron, although rapid, are not of a sudden character, but movements
of elevation, 23 sudden as any common movements of dep ession are, may be induced by expoung the
pulninar tissues to crcomstances wlucing sudden losses 1m turgescence primanly localised to the superior
parenchyma  If the rays of tne sun be carelully focussed upon the upper surfaces of pnmary pulvim,
the first motements wlich maumifest thowselves are 1n many cases sudden movements of elevation of
the primary petisle The followiog table shows the results of ffteen experiments of this nature which
were conducted on two successive mormugs, and it will be seen that wm mne mstsncrs sudden wovements
of elevat ou of the pnmary petiole occurred ~

TabLr | —Resulls of focussirg the yays of Ve sun on the wyper surfaces of the prinary puloise of
Legees of Absa pudica.

1 Depresuion of the prinary petiole

2 Estrewe elevatron of the primary peticle, followed by depresuon
3 Depression of the primary petiole

4 Rotaticn of the pumary peticle, followed by depression

5 Depresuon of the prmary petrole

A~y Ror Bor Garp, Cavcurty Vou VI
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G. Strong elovation, followed by depression.

7. Ditto, ditto.
8. Ditto, ditto.
9. Depression. , .

10. Ditto.

11. Strong clevation, nction in the pinuules; nothing miore.
12. Deprossion,

13. Strong clevation, followoed by depression.

14. Elevation; a pause; action in tho pinnules; nothing moro.
15. Ditto; depression.

The movements cf elovation of the primary petiolo oconrring in such ca<es are, as o rule, followed
by depression, becauso it is only initially that the loss in turgescence following the insolation is confined
to tho superior mass of pulvinar parenchymn, and beeause, when it has once oxtended so as to nifect
the inforior mass, the persistent oxcess in structural strength of its opponent and the leverage of the
distal parts of the leal come into play as they ordinatily do.  Under circumstinces implying gensral
loss in turgescence the movements of the primary petiole aro always movements of depression, becanss
the structural features of the inferior mass of pulvinar parenchymn nro such ns to render it more linble
to rapid losses in turgesconce, and beonuse it has constantly to struggle ngainst, in place of being
aided by, distal levernge in giving riso to the displacement which it mmkes for. That sudden
movements of clevation should occur at all is, however, sufficient to show how unfounded is Sachs’
statoment that “die Untorseite allein ist also reizbar, das Parenchym der Oberseite ist nur ILilfsorgan
bei der Bewegung.”® There is absolutely no evidenco tc show that the protoplasts of the superior
porenchyma are less contraotile than those of the inferior parenchyma. The two masses of tissue
differ from onec another both structurally and functionally, but the functional difterences are eonuccted
not with contractile, but with assimilatory property. The superior parenchyma is distinguished by excess
in structural strength and the inferior one by excess in nssimilatory activity, and it is the presence of
these differences, combined with the fact that distal leverage co-operates with the superior and directly
opposes the inferior porenchyma in effvcting the displacemonts which they make for, that determines the
ordinary obaracter of the movements of the primary petiole, It is the presence of theso differences
and the aotion of distal leverage, and not the presenco of any speciully contractile protoplasts in the
inferior parenchyma, that accounts for the fact that sudden movements of depressvn of the primary
petiole are so common, and sudden movements of elevation quite excoptional.

The following cxperimental data illustrate the effect of varintions in conditions of distal leverage
in modifying the ohornofer of the effects following amputntion of distal portious of leaves attached to
growing plants:— . .

Exvcaruest L—dJune 14¢4, 8 e, Rain falling heavily; pinnuls as a rule devated or partly elevtd
owing fo recurrent agitation by rain-drops; priwary peticles faivly well elecated in alnost all cases.~-Amputs-
tion of the tips of terminal pinnules in leaves in which they were ouly portially elevated was, in all
cases save two, immedintely succeeded by deep depression of the primary petiole. Of the two
exceptional leaves ome was supported by a neighbouring one, and the other was free of any adherent
drops of rain. The nction in the pinoules was in all cases very slow and confined to the injured:
pinna, and in most cases was very imperfectly carried out. At 6 par. the leaves were all in full
nooturnal position ; but although the evening wns absolutely still and excessively humid, maximal
fiepression of t.he primary petioles in almost all cases succeeded the slightest contaot impulses. The
influence of distal leverage in assisting to determine potiolar depression comes out very clearly in

regard to both periods of experiment. In the former one atmospherio and telluric conditions were

such as to be manifestly unfavourable to the ooccurrence of rapid losses in turgescence, as the behaviour

of th? pinnules very clearly shows; and yet potiolar movements of great magnitude occurred Twith
escessive frequency because of the abnormal excess in distal leverage provided by the adherent drops of

rain. In the second perio€1 also, facilities for transpiratory loss were minimal, ‘snd root-supply was

* Vorlesung, XXXVIT, s, 792.
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excessive, a1d yet the pnmary pulvini were excesuvely irmtable owing to absencs of solar stmulation
and persistent excess in distal Jeverage from adherent water

Exrertvesr Yo—dJuly 24tk 330 ex Bright but clouded 203 cory mowt no ran during the t/ree
previous days  leaves all 13 manmal diurnal postton wth tar primary petioles horizontal, slightly depresssd,
or ve y ol yMI 1 elevated —Amputahon of the tip of a mngle piona, or even of a emgle distal pinovle,
was d by th hout the eotire leaf and 1ncluding extreme depression of
the primary peticle, winlst amputahon of the entwo distal porfion of the leaf benesth the pomt
of ougn of the loner pur of pmnm gave nse to little, and, 1 some cases, to no petiolar depress on,
and was presently followed by extreme pefiolar elevahion, although it was attended by consp cuous
esudation on the eut suiface Here there was monifestly no dwect relation between the seventy of
tie mtiol myury and the ocemrrence of peticlar movement, but very clearly & drect relation hetween
the latter and the amount of dital leverage Flad depression of the primary petioe been dependent
on active contraction of the protojlasts of ihe prmary pulvinus ncdent oo shmulation connected
with the sudden prop of m pressire along the course of Haber-
1andt s * Rerzletende system,” or 1 any other fashion, this could not have been the case,
s naximal fluctuations 1 pressure and mavimal mjury would under such circurastances have wewitably
led to masimel m placs of mummal movement But, as 3t 15 a purely physical process, the tendency to
yetiolar & mn with the full in turgescence i the pulvinar parenchyma
weident on the escape of hqn\i from the cut surfaces, although grester 1 cases where thoe entre
distal parts of the leaf were smputated than whers only the tps of pnne or panules were detached,
was more or less d scounted by the great comnadent decrease mn distal leverage, whilst the much smaller
escope attending amputeton of the tips of indindual ynne or pinnules, not bewg accompan ed
by ay apprecioble diminution 1n distal leverage suffced to 1nduce extreme pehlar depre sion
At 630 By the leaves were m fully developed mocturnal postion The petioles which had been
deprived of pon® were now not neatly so highly elevated as they wero shortly subsequent to the
operation, but were still more elevated than those of eutwre leaves, the phenomena, on the ome hand,
1pd coung the effects of the loss in turgescence in the pulvinar tissues meident on the cessation of sotar
stimulation, and on the other the minor degree uf petiolar depression nitending this when distul
leverage 18 greatly reduced m amount

APPLNDIX B

THE RATE OF TRANSPIRATION IN AfAf0S4 PUDICA AND THE EFFECTS FOLLOWING
DISTUPBANCES IN THE RELATIOV BETWEEN TRANVSPIRATORY LOSS AND ROOT SUPILY
OF WALKR

Tue rapidity of tianspiatory loss 1s so great thst the pannules of leaves on detached nxes set 1n
water, and with thewr beeoy subaquecusly dimded to prowde o {resh sheorptive surface, only very
imperfectly assume the diwroal position under the influencs of light unless the degree of atmosphenc
bumidity bo relotvely hgh The actinty of transpintory losa 18 also very clearly mdieated by the
rosults which attend very inconsdersble dimmutions 1 the amount of reot supply a3 13 demonstrated
by the results of the following experiments —

Exreriiest I —A pot tlant, the leaves of which were 1 maxmmal dimrnal position, snd  whieh
had to some estent rooted 1uto the ground through the ogemng in the bottom of the pot, was eare
fully telen up without ujury to the projecting Toots aud was then conveyed to the laboratory
On srmval there the pumnules of 6l the leaves were 1 manimal nocturnal pos tiom, owing partly to the
agtotion which the leaves had been subjected to dunng tramefer 1to pot was now placed over
o vessel of water so that tle projecting roots were immerced, nod the ertwre apparatus waa set i
a sealed chamber The piunules rapidly nssumed the viximal disrnsl pasmtion  The pot was pow
removed gently fiom the water vessel and chamber ond set on a table 1n the open laboratory anl
tho prouues once more graduolly passed into the noctarnal postion When they had fully dooe so,
the pot was anew placed over the water vessel within the chamber, and within the course of twenty
winutes the piznules were once more 30 muxinal diwrnal postion On & second removal from the

Axv Rov Dor Garp Carcoira Voo VI
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chamber the nocturnal position was again resumed, and was once mare replaced by the diurml ome om
return o the chamber. The phenomena present in this esperiment .not only demoust‘mte. th; zx:rem::
rapidity of transpiratory Joss and the ac?urnoy of the balanof-: which 'x'nust he.h:mml}l)tm;l; .en‘;';;
transpiratory loss and root-supply of water in order to ‘the. retent'xon Oi: a. given position by tho Pmuies,
but slso that the mocturnal position is ome which cotncides with minor degrees of turgescenes in the
motor organs, and not with increased turgescence 88 affirmed by Pleffer. . )

The results of six experiments with regard to the actual amount of transpiratory loss taking place
wnder favourable circumsiances were as follows:— ]

Expenest IL—A plont with seven leaves and 222 pionules yielded 231 C.C. of water ip
{wenty-four hours. .

Exerrvext TIL—A plant with nine leaves and 579 pinnules and weighing 432 grammes yielded
3:40 C.C. water in twenty-five hours, .

Expeamest IV.— A plant weighing 484 grommes yielded 640 C.C. water in forty-eight hours.

Expesvent V.—A plant weighing 203 grammes yielded 41 C.C. water in twenty-four hours.

Exrexaest VI—A plant with five leaves and 194 pinoules and weighing 232 grammes yielded
15 .0, water in four hours.

The following esperiment illustrates the results following n disturbance of the normal balencs
between trauspiratory loss and root-supply of water:—-

Expumnext VIL—The protruding portions of -the roots of several pof-plents which had rooted
into the ground were ocut off. In some of the plants the branches were cut shait, so as to leave only
o limited number of leaves; in others they were left intact. Thirty-six hours later all the leaves on the
plants with shortened branches were in full diurnal position, whilst in the plants with intact branches
the pinnules were in o posifion intermediste between the dfurnal and the mocturnal ome. The only
thing to account for the differonce in the position of the pinnules in the two sets of plants is that in
the case of those with shortened branches the transpimatory surfaces bad been redueed coincidently with
the ohsorptive omes, whereas in those with intact bronches the spparatus for absorption had been
diminished, whilst that determining loss of water remained as bofore.

The next experiment alse illustrates the effects attending disturbanee of the equilibrium bebween
supply and loss of water, only in it the absorptive surface was an abnormal one, consisting of the
divided estremity of the axis in place of boing radicular.

Exeermvent VIIL—A detached shoot was fixed upright, so that its lower extremity dipped into
& vessel of water and was exposed to diffused sunlight. At 11-28 sae. the pinnules were all slmost in
full diwrnal position. The water-vessel was now carefully removed without in any way disturbing the
shoot, and at 12-7 noon the pivnules were all more or less highly elevated. The water-vessel was now
replaced and o fresh absorptive sarface provided by subaqueons division of the lower end of the axis,
and at 2-20 ».m. the pinpules had almost all regained the normal diurnal position.

The results in experiments like the two preceding ones are precisely parsllel to those attending
exposure fo hot afmd dry air, but are induced, not by increased loss, but by diminished supply of water.
.In order to estabhs}x a tenderfc'y fcowards the assumption of the nocturnal position il that is necessary
is t?mt th: pre-existent equilibrium between suppl.y and loss of water should be disturbed in such a
1;;:127;“:11; oz ((1:?;: i’:lg:dlutter to uudargo a relative inerease. Such relative increase may arise either as

supply or of inorensed loss, but in any case the effects which it produces are
:1;;52?;2:14&5» t:;d iz:Pecit :;:n::‘itlge :zoted hplzmts i;l excfess of loss may arise i'n oonsequence of
the course of the afternoon, and hence n11:1)131?91-6rzfuoﬁlgz‘mci o r: auently provails a6 midday x}nd during
nocturnal position frequentlyy manifests itself 1 it ;mz[l?s ’;ﬂces : 5p0nla{1eous .assumptlon. of the
ctivity. T the oaso of plante with elf in spite of the ullest solar stimulation of assimilatory
- ‘ partially exposed roots, or of detached shoots, n similar diurnal
assumption of the nocturnal pesition attends sny sudden arrest or considerable diminution in supply
;ﬁ water oven when conditions are unfavoursble to the occurrence of excessive tranepiratory loss.
n the former case recovery of the normal diurnal
in the latter it follows the repowal of water-supply,
It is zelative diminution in loss in either case wh

pos#ion attends a diminution in transpiratory Joss;
‘eondltmus of transpiratory loss remuining unaliered,
ich determines the resumption of the normgl diurnal
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postion, and such diminution may be effected as the result eitier of absolute dimimution 1n loss or of
sbeolute increase i supply Hence normally raoted plants which have pass d ioto the nocturnal
condition diurnally may be caused to resume the normel dirsel one by exposing them to conditicns
mplying either dumimshed transpuation or merensed oot supply 1o other words, by esposng them to
a more humid atmosphere, or by addng woter to the soil 1u which they are rooted

APPENDIX C.

THE INFLUEDNCF OF VARIATIONS IN DEGREE OF ASSIMILATORY ACTIVITY ON THE OCCURRENCE
AND CHATRACTEL OF THE MOVEMEMNTS OF THE LEAVES OF MIMOS4 PUDICA

VARIATIONS, 1 osmotio eapacity 1n the tirsues of the motor organs connected with tanations i the
achmity of assimlatory funchion come nto play as intnnsic factors affecting the lability of the leaves
to undergo sudden movemeuts. The degree of “antabiiity” of plants exposed to conditions wplving
excetsive ehmosplene sud tellome homedity 1 contpreunusly much greater fter sundown then wialst
they are exposed to full solar stimulstion, and, winlst the sudden exposure of s plant to the and
atmosphere of 8 smjlo sulphunic scd cbamber 13 only sttended by slow and graduslly progressyve
movements of the leaves, exposure 1n u chomber cootmming both sulphure aed and chloroform
18 followed by the occurrence of rapid ponular movements Osmotic capacity wn the cell sap
determines the existenca of and 10 1t bas ly to contend with
the filtrative escape of hqud ineident on the elastic recort nf the extended cell walls Any fall
in osmotic yroperty 1n the celleap must favour the ocemremce and rapidity of processes of
filtration, ond ly the of mpd 0 m the degreo of turgescence of
the tissue, henco hcum, which are qute meapable of gwvig e to rapd end conmderable
fuctuotious 10 turgescence whilst osmotio capacity 18 fugh, may well become efficient to do so when
it has undergone consderable decrense The effect produced by sny factor favounug the escape of
lhqud from the intemor of the cell cavities, snd consequently making for dimnution in turgescence
of tirus, must necessarily, be modified by the degree cl' osmotie capauity 1 the cell sap whieh
15 8 factor making for local retention of hgmd  Conseq: of latory actinity, as ¢
normally amplies & decrease 10 cxmotio enpacity, not only comes into play to gave miso to elow, progressive
movements when it acts slone, but has plso an mmportant influence 1n modifying the estent to which
the sudden incidence of other factors maling for decreased turgescence will be capable of gving mes
1o the occutrence of sudden movements 'The ordmary periodio movements of the leaves are mamfestly
d d by # m turg 1 the tiesues of the motor organs connected with fluctua.
tions m the degree of ssumilatory actmty mmedent on the presence or absemco of solar shmulation,
#pd 3t 33 evident that any other factors of fuctuations m turgescenco must be hehle to lmve thewr
effects modified mccording s they set m umson with, or m opp to, the 1
effecting turgescence The removal of solar lation 4 the of a fall 1 turges
cence which makes for the assumption of the pocturnal position, snd if another factor meking for the
enme thing comes nto play mmultaneously with i, 1t 18 evident that the effect which the latter will
produce 18 hkely to be greater then when 1t comes wmto play st & time when the conditions of sy
mulatory sctinty, i place of favourimg the sesumption of t}e nocturaal position, favour the maintenance
of the dirnel one Hence, other things bemg shle, ““imtability ” tends to attmn its mammum
ot sundown owing to the fact that, at thie time, sny factor moking for decreased turgescence acts jn
co operation with a comaident fall 1 sssmlatory setivity which mekes for the tame thing The absence
of solar shimulation, however, pot merely favonrs the ooeurrence of rapid movements under the mflu.
ence of other fnctors making for lomses m turgescence in the motor organs, but also affects the
permanence of the postion which has been assumed under the influence of the latter, That this 1s the
case 18 clestly demonstrated by the results of expenments such a3 the follomng one —

Txperient 1—A choot of Hwnosa pudies, beamng five leaves, was detached from & plant at
6 40 2 3 withont any epecial precaution to avod disturbance of the leaves all of which, 8513 usual under
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1 ol tances, soted fully ns regards their primary potioles and I?iunulns, bhut n?uzwod hardly nnj;
norma’ Oreumy ' It was at onco placed in n dark, moist chambor, which was allower
appreciable pinnal convergenco. [ ¥ " s ool ho position of the sarious parie of
to rcmain olosed unmtil S-20. ' W hc;n the nnu: )iot'x-w“q “-]Een n,wy e losed i it. The shrol was
the leaves was found to bol Jlustlnti(;c of:‘nn:\o (',11,19 in front of o window and covered by n bell-glnes.
no\_v Tomoved from ﬂ’md 0‘:1"’“ ’C»:‘imurv setioles  pradunily  becamo partinily clovated, and tho pinnules
Within s short perio . B lotely, Two hours later tho petioles remained s
assumed tho normal diwnal position almost completely. ‘ ’ L

imules had assumed o position  intermedinto belween the normal diurna an
before, but tho X:;;::l:ng to tho ordinarily nccepted theory of tho causation of the movements in
:‘1??‘1‘:23; 0:{65;1“"’” ptiden, we are eallod ou in this instanco to b.«olim'c: . that t;ﬂ) ]‘\‘nlmnry ;]OI,).?::":X;
of the petioles and elovation of the pinnules wers dupnu'ln‘nt on sh'miﬂfuc.m ang nm;c‘mn ::c;r)mntn
the protoplasts of the motor cigaus of tho primary .mul tnr.lmry pulvini 1:14-1']('!1t‘on 'n ;mlr;r—-. np .dnrv
from the axis-—which fuiled to act as an x\ppr(\cxn.blo 5tmmlnx.1t to the protop. nsts o— fw r o;m w_"
pulvini 3 that this coud.tion of stimulation and nclive c‘nulr.mhon Instod cm]‘ilmmuﬂl_)) or.an‘r) “.
hours whilst the shoot remained in the dark and dopn've(l of nny .so\nr snmul‘m; .imlt it nn: u:;'
replaced by a condition of relaxation on cexposuie to th.n influenes of light ; nnd,. finally, .t.::tt 10): r-n't]:c‘l
exposure to light ucted as n stimulant to the cmtractile prot.oplmats of the .U‘rtmry pulvini, bn ;m o
to do eo to thoso of tho primary onca. It is surely moro rational t_o explain the .anncnvo of P 1eno-
mena in the following faslion. The primary depression of t.ho pohole‘z‘ nnd o’lnml'mn of the pinnules
were dependent on the sudden disturbanco of liquid equilibrium t.hrrlugmut the h.csuhs, c:m=o.d by the
sudden arrest of root-supply of water and the netive essapn of liquid aeeompnying -pc-p:mfhfm from
tho asis. This depressive distnrbanes was sufficient fo give rico. to cnn'culomblo ﬁ!lmt:vrj'«?ﬂchnrfge of
hquid, and consequent loss in turge-cence, in Yhose sites in which special struetural facilities for the
escapo of liquid from the juterior of celi-cavitics are present, and henes mr:vumrnts or‘f:u.myl coxznncted
with sudden foll in furgescence in the inferior parenchyma of the primary pulvmt and in. the
superior parenchymn of the tertinry ones, whilst no apprecinble movements oocn{red in the pinnm
beeause of the minor facilities for rapid redistribution of liguid provided by lho. tissues of the second-
ary pulvini During the peried in which the shoot wus retained in tho mist but dark chamber,
recovery of the diurnal position dul not oceur, not because thera was not a stock of reserve water
within the water-conducting gystem, or on account of active trauspiratory loss, which was precluded by
the atmospheric humidity of the chamber, but because the total absence of rolar stimulation prevented
the protoplasts of tho tissues from giving origin to the unstablo assimilatory products on which the
osmotic capaoily of the cell-sap, which is meceseary to induco full turgescenco of the tissne clements,
wos absent. On subsequent exporure to sunlight, even under conditions implying no fresh supply
of liquid and permitting of relatively free transpiratory loss, the rico in osmotic eapacity in the cell-sap
was suflicient to determine active abco ption of the reserve water in the water-conducting sy stem, and
therefore to determine a rise in the turgesconce of the pulvinar tissues leading to a resumption of the
diurnal position of the primary petioles and tho pinnules so long as enough reserve water remnined
within the watcr-conducting system to more than eounterbalance the coincident transpiratory loss.
Finally, when (as the result of continued transpiratory loss aund assimilative decomposition of water) the
stock of reserve water became inwufficient for this, a tendency townards the resumption of the mnocturnal
position seb in and manifested itsolf eailier snd more conspisuously in the pinnules than in the primary
petioles, because the action of loeal loss of turgescence in the tissues of the primary pulsisl was moro
or less discounted by the coincident diminution in distal leverage attending dimiuished furgescence in
the laminar portions of the leaves.

The effects of a normal depression of assimilatory activity, or in other words of a normal
decrease in the cemotio capasity of the pulvinar tissues in giving rise to a greater liability to the
occuirence of movements, or as it would be commouly described to * incrensed irritability,” is very
strikingly demonstrated in connection with experiments, liko the following, in which the tips of uxes
me gently amputated without any mechanical disturbance of the plants :—

Exepnmeny e—dJune 3rd. Both soil and air very humid—At 8 ax. the leaves were in full diurnal
position. Amputation of the tips of axes was followed merely by the exudation of o great drop of
liquid from the cut swifuce. At 7 r.v. the leaves were in full nocturnal position. Amputation of
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the tips of axes was folliwed by no T Jat bat ly P prop of
movements of petiolar depression to many leaves along the coursa of the injured axis,

Exremuest 1E—dvaual 2004, There Aad bern ety slowers v the morning, so thal the ol way
alurated, but tulsquently confiuons ralant sunshins kad preemibed 1 p 3t —The plauts were n t exposed
1o direct sunshine nnd the leaves wero 1 maximal diurnal poution  Amputation of the tips of sxes
1ed to loeal exudation of liquil, but woa unattended by the occurrence of any petiolar movemonts
1,30 ¥ 5 —Tho leaves were 1 fall nocturnal pomtion  Amputution of the tifs of nxes was followed by
exteonvely propagated movements of deepest petiolar depression along the course of the fujured shoot

In companug the nasulta of exp carried out resp Iy 1u the moinwg aod eveming 1t
caznot, of course, be mamtaned that all the diffirences which are present—that all the phenomena of
ineressed *amitability ” in the evemng—are to Le eredited to the comcident depression 10 assimilatory achivity
nlone; for, s & ru'e, the corditions 1m tl ¢ evemng are much moro favouralle to rapd traospiratory loss
than they are o the mormng Dunog perods of continuous settled weather diurnal atmospheno
Lumdity attains its mmmom an the alternoon anl evemng, whilst m the mormng tt s shll relatively
high  Tins is shown by the fgures m the following fablo of aversges, denved from a senes of weekly
olservations fur the years 1892 93 with which my frend Mr € Luttlo has kindly furmshed mo —

Aterage almerphense hemdily ot tarscus times of day.  100=sufurabiei.

1892,
6ax  Basx 10ayx fru, 10 ey
Jenuary we 002 87 G623 405 7825
February w  Bt3 14 486 350 748
March 830 56 4875 3t0 7173
Arnl e .. &8 3770 €30 b0 810 -
May e . . 890 702 06 502 852
Jupe . . 90 8225 7323 7375 00
July . w 060 0023 8675 830 9235
Angust e .. . 048 8)0 804 84 o4
Beptember .. .- 9576 835 7725 wn 925
October e o . 952 826 726 656 914
November ... . . 87 W 93 470 9220
December . e o BGI3 90 6325 357 8325
Annual averages w900 813 €663 569 8375
1893,
Gaw Bam  10au 4ex
January  wee w 030 000 630 106
February o . oo D475 875 T17S 630
March .. 0425 #8125 €00 645
Apnl w 9125 80OTH 6175 540
May w892 810 €920 598
June 9275 8625 8450 8275
July . 828 &0 8140 8240
August . .o 040 875 810 7o
September " W 9325 9025 8525 8275
October . 9:8 840 7823 7825
November .. « B8535 765 620 675
Deccmbor  ee ’e w M2 8225 6128 6025

Annual avernges oo 024 802 728 847
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The evening depression of atmospherie humidity and the consequenif in?reased fncili.ty for transpi-
ratory loss must, of oourse, tend to faoilitate the Ocoul:renc? and dlﬁus'non .of rapid moveufents
conneoted with fluctuations in turgescence, but at the same tlm‘e‘ it tends to’ give rise to o very consider-
able reduction in distal leverage, which must more or less eth?rate 'the.mcre:fsed m?t'ab'lhk).' .cor,l,nected
with increased ranspiratory loss, so that on the whole the evening rise in .petxolur ¢ 3rr§tz§bxhty may
be fairly oredited to decreased retentive power in the pulYmar tl.SSl.les mmdfant on dl.mm‘l‘s.he(.i os-n‘lotx’(:
property in the cell-sap, That this is, at ail .events,‘the main determinant of ‘the rise in u:nta.blhty
which normally presents itself in the evening is, moreover, de-monstmte‘d by the phenomena. which p.resent
themselves during periods of piolonged and more or less continuous rs'm'\fall, when both soil fmd air are
practically saturated and transpiratory loss is necessarily reducefl fo a minimum. Under such mrcnm'stances
1t will be found that, whilst amputation of the tips of terminsl pinnules during the day, and whilst the
leaves are in masimal diurnal position, is followed oniy by very limi.ted aud imperfect movement? of
pionular elevation, purely confiued to the injured pinna and unsecompanied by any movefnents o.f .petlolfxr
depression save in the case of leaves which are heavily loaded with adherent water, o .s.xmila.t injury in
the evening snd when the leaves have already completely assumed the nocturnal po.sntx-on is constar.xtly
followed by the deepest petiolar depression quite apart from the presecce of any extrinsic (?mtnl ]ond.mg.
The effects of simple mechanical “stimulation’ also vary very conspicuously in degree at different times
of dny. The lesves of seedling plants in the morning and eurly‘ foreuoc:-t.\, so long es they are not
exposed to the influence of direct sunshine and its attendant exce'ss in transpiratory loss, are very .hlghly
elevated and exceedingly irresponsive to mechanical impulses, whilst in the evening, when the pinnules
and pinne are in their maximal nocturnal position, the primary petioles remain very highly elevated,
but very readily undergo the deepest depression oun contact. ‘

In the previous experiments we have been dealing with cases in which we have evidence of increase
in %irritability” coincident with decreased assimilatory activity connected with the removal of solar
stimulation ; but parallel phenomena present themselves in cases in which protoplasmic activity is depresced,
not by the absence of normai stimuli, but in consequence of exposure to the influence of ancesthetics.
In order to the proper comprehension and interpretation of such phenomena if is necessary to have some
acquaintance with the effects wkich follow exposure to simple desiccated atmospheres and simple exposure
to anwmsthetic vapours, as the evidences of increagsed “irritability” conuected with the latter manifest
themselves most clemily in ocnses of sudden exposure to a desiccated atmosphere containing vapour
of chloroform. The data which follow are accordingly derived from three distinet sets of
esperiments. In the first of these plants were esposed to the atmospheie of a hermetically sealed
chamber containing a vessel of pure sulpburic acid; in the second they were exposed to a humid
atmosphere confeining ohloroform vapour; in the third they were exposed to the desiccated atmosphere
of a chamber containing both chloroform and pure sulpburio acid.

Exrermvext IV.—A pot-plant, in a pot which had been wased and luted as if for experiments on
transpiratory loss, was enclosed in a hermetically sealed chamber contaiving a vessel of pure sulphurie
acid and esposed to diffused sunlight, The leaves passed into the maximnl diurnal position, but were
extremely “itritable,”” movements attending the slightest mechanical disturbauce, and the momentary
application of flame to the tips of terminal pinnules being followed, not merely by complete movements
throughout the injured leaf, but by propagation of movements to several other leaves. The soil in the
pot was sufficiently moist, and the proportion of root-surfaces to foliar surfaces was sufficient, to permit
of the maintenance of the maximal diurnal position in spite of very active tianspiratory luss; but the
equilibrivm was a very unsfable one, and consequently movements were very readily induced under the
influence of any factors either favouring increased filtration in the tissues of the motor organs, or any
sudden increase in tronspiratory loss, or abnormal escape of liguid from the tissues incident on injury.

ExperimEsT V.—A pot-plant was set within & common hermetically sealed chamber contaiving &
vessel including a plug of cotfon-wool sonked in chloroform. The leaves slowly and gradually assumed
the nucturnal position more or less completely, and after some time death of the entire plant oceurred.
In this case the assumption of the nocturnal position was olearly simply owing to the action of the
anesthetio in depressing assimilatory activity ; for the plant was throughout exposed to abundant
diffused sunlight, and the atmosphere ‘of the chamber must very soon have become more or less
saturated owing to trenspiration from the leaves and evapoiation from the moist soil in the open pot,
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Experustent VI —Tie batal and terminal portions of the soltary axis of & small pot ylant were
carefolly protected and the central p rtion was enclosed 1n & #jace contmmng the vapour of chlorof rey
A grainal assumption of the mocturnal postion followed by death occurred in the leaves ¢f 1o cemtral
expoced portion of the sxis, wlich itself ultimately died and became brown, whlst tha leases on thoe ba.al
and distal protected portions riidly resumed the diurnal posttion, from whieh they had departed m counece
tion with the imbml disturbance to which they had necessanly been eubjected, and retumed 1t unaltered
after the central portion of the axia and its leaves had been completely Lilled On the following day,
end after the central part of the axis had been dead for many hours the leaves on the basal and dictal
portions were 1 mormal dwrnal pomtion, and the appheation of hest to the baee of the nxis was
followed, not merely by movements i the leaves smtnated to that mde of tho dead central ares, but by
propagstion of movements to those which were miuated beyond it

Exeexnest VII—A plant 1o a common open pot was enclosed withm o sealed chamber contaming
o vessel of strong sulphume acid, so as to secure the of , setive P
loss  After the expury of half an hour, and when the leaves were 1n maxmmal durnal poston, a plu
of cotton wool gaturated with chloroform was mtroduced into the chamber A complete assumpti n
of the nocturnal pomtion occurred wathm two hours, the movements leading to 1t bung of an meen itly
slew, progressive character

Fxprrivesr VIII—A plant 1n 2 carefully waxed snd Inted pot, 20 as to eecure moumat
transpiratory loss, end whilst the Iewves wers 1n full diwrnal postion, was suddorly wmtroduced mto a
chamber contaming vessels of both strong sulphume sed and chlwoform  After o bref 1ntertal

" pumerous pinnules ;m several leaves underwent sudden, ropid eevation The pot wis mow removed
from the chember, and, when all the pmnules were once more 1 maximsl diurnal jontion, nas agan
introduced 1nto the chadber After a conmderable interval had elajsed, numerous ponules beeame
abeuptly elovated thronghout almost all the pimnw of all the leaves, but no depression of the primary
petole oceurred 1 any case

Experimear IX —A plant 1 o Inted pot, and with ats leaves 1 meximal dwrnal position, was
suddenly introduced 1nto a chamber Jike that employed 1n the previous expemment After an mterval
of about half a munute, rapd spreading elevation of the puniles set 1 m many pane The
elevation was, however, woompletely cormed out No depression whatever occurred 1n any of the
primary yetioles

Exreriurnt X —A pot plant, luted i the Bsual fashin for expenments on tranemuration, wos
introduced ofo & sealed chamber contamng vessels of chloroform and of water No rapid achin
whatever ocourred , but merely very slow, insensitly progressive elevation of the pinnules After 1t ha |
remmned within the chamber fcr a short time 1t was removed apd, after the punules bad completely
recovered therr normal dwroal postion, 1ntrodiced 1nto a sealed chamber containing  veswels of
chloroform and of pure sulphuric ¢:d Ramd movements of elevation presently occurred 1 a number
of pinnules, and, sfter an interval, the pnmary petwle of the uppermost leaf, the pnoules of which
were stul an 8 condition of permanent elevation, underwent rapid depresea n

Exesminvent XT—A pot plant, luted es wususl and with its leaves sbundantly tedected with
adberent drops of ramw, was infrodpeed 1to o seoled chamber contanipg vestels of chloroform anl
of sulphuno aeid  After an interval of filty scconds some monules 1n one leaf became rel tively
elowly and partuslly elevated, end after & further interval of two mimutes al' the pnnules of one pima
of another leaf scted 1n a smlar fashion, Llsewhere only slow, msensib'y progressine punnular clevat on
oceurred

The results of t11s series of experiments clearly demonctrats the following facts —

I—Exposure to the influenco of snwmsthetics under certmn eirenmstamces 1« atfended 1y the
occurrence of mavements of precisely the same character 84 those which are ordinanly
regarded s depenling on stumulation and  acuve contractin of tho protoplacts
of the mofor organs

I —The rate at which movements occur under the influenco of exposure fo the vapour of
chloroform sames with the degree to which facthnes for the rapid tramepiratory
remoral of water from the tisrues are present

A~s Ror Dor Garp Cuctrra Vo VI
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TIT.—Exposure to the influence of tho vapour of chloroform wunder ciroumstances fuvourixfg
rapid transpiratory removal of water from the tissues conctantly occasions rapid
movements in pinnules, but ouly exceptionally induces rapid movements of primary
petioles.

TV.—Neither esposure to a desiconted atmosphere, unless the aridity be very extreme, nor
exposure to o humid atmosphere containing the vapour of chloroform is capable
of induciag rapid, sudden movements; but exposure to o desiceated atmosphere
containing the vapour of chloroform is constantly attended by ocourrence of such
movements.

V.—The effects following exposure to the influence of the vapour of chloroform, even in enses
where tho treatment has boen pushed so far as to cause actunl death, are purely
localised to (hose arens of n plant which are directly esposed to the vapour; and
the death of comparatively large areas in an axis resulting from prolonged evposure
neither affects the conduction of water by the waler-conducting system, nor interferes
with the propagation of the conditions which give rise to the occurrence of movements.

These facts are quite inexplicable on any theory which ascribes the occurrence of rapid movements
of the leaves to stimulation and active ocontraction of the protoplasts of the motor organs. We
have no ground for believing that exposure to ancosthetio vapours leads to stimulation of protoplasmie
activity of any kind, but we have distinet evidence that it acts in precisely opposite fashion. Were
the movements dependent on stimulation of coutractile protoplasts in the wmotor crgans by the
anssthetio vapour, thoy ought to retain the sama oharacter, no matter what the hygrometric properties
of the atmosphere be; whereas as a faot sudden rapid movements never oceur so long as the atmosphere
is humid, and constantly manifest themselves when it is desiccated, althongh similar atmospheric
aridity alone is incapable of induecing them, or indeed of inducing any movements whatever, More-
over, were the movements dependent on protoplasmic stimulation and active contraction, the fact that
rapid piunuler movements are phonomena of normal ocowrrence on exposure to o desiceated ntmosphere
containing vaponr of ohloroform, whilst rapid petiolar movements are absolvtely exceptional, would remain
a hopeless mystery. : ’

But on the theory that the movements are dependent on losses in turgescence in the tissues of
?he moter organs connected, mot with any active protoplasmic ocontraction, but either with decrease
in the osmotic ecapavity of the cell-sap, or with ,nfluences facilitating local filtration within the
tissues of the motor orgaus, or disturbing pre-esistent relutions of equilibrinm between general supply
and loss of water, all the phenomena become readily explicable. Where plants or portions of plants
are  exposed to. the influence of the vapour of chloroform in o saturated or practically saturated
atmosghere .(us in the oase of experiments V, VI, and X} pinnular movements ocenr; but they are of the
glow iusensibly progressive character normally present in cases where diminutions in turgescence
oceur in conneotion with decreass or removal of normal stimulation. They are of the same :hamcter
as those oocowrring pericdically in counection with the diminution and cessation of solar stimulation
at sundown. They are evidently dependent solely on the gradual loss of osmotia capacity in the
tissues of the motor organs attending the depression of assimilatory activity caused by th i
of the anmsthetic. Wher i i iti { v y te action

ere (as in experiment VII) conditions favouring transpiratory loss are eonsiderabl
greater, the rate of movement increases, because hers the escape of liquid from the interior of t;hy
cells. of the motor organs accompanying depression of protoplasmis funotional activity is facilitated be
continuous evaporative loss from the tissues generally. Whers, finall (asi i kg
depression in osmotic capacity i i i ’ J " oxperiments VILL, IX and D),
pacity 1s assoolated with exposure to a desicoated af L iti 1di
for relatively rapid, considerable fluctuations 1 i Puere, conditions providing
y 7rapid, considerable fluctuations in turgescence are manifestly present s i e
suddenly executed movements make their appearance. Such m Y Jresants ond with thie
distributed throughout the dif ' oroments are nob however, even
ributed throughou the different parts of the leaves. They ocour constantl in the pi . Y
exceptionally in the primary petioles, and never, in so far as my experieioe goee ?lulel)lles, ‘quxte
Are wo to suppose that th . % i the plune.
PP at the vapour of chloroform under oertain oircumstanges ounstantly acls as a

stimulant {o the protoplasts of the tertiary pulvini, whilst it does so only oocasionally to those of th
S0 O a

primazy palvini and has no stimulant effect whatover on- thase af the secondary ones? It is surel
* urely
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more reasonsble to arcount for the phenomena as the result of a perfectly umformly depressant factor
affecting the assmulatory actmty of the protoplas’s of all the motor organs alike, but whose effects
mamifest themselves i uulke foshion 1n parts which duffer from one another 1  struetural
pecubianties and 1n ther relations to other parts of the leaf TLoss m osmotio capoaty, and excesave
transpiratory Joss, work hand mn hund m making for the elevation of the pinnules, which 18 determined
Ly the cxcessive structural strength of *he mferior mnss of parenchyma i the teriary pulvinus, the
same factors come into play locally to give mse to a fendency towards depression of the primery
petmle. bul here the weokemmng of the imferior mass of pulvinar parenchyma 1s discounted by the
m the it whieh 1f nas to overcome comnested with the mmultaneous
decresss . distal leverage sattending excessive tmnupxrabory loss  Finally, 1n the secondary pulvimt

there 13 an absencs of any ghly develop m the % asd funchonsl pro-
perties m the mosses of fissue which make respectively for duverg end gence, snd with ths
any hability to the of rapud ly d h Mere exposure to the mfluence

of vapour of chloroform 1 tncapable of indueing sudden movements, exposure to a demecoted
atmosphere, unless the degree of andity be very excessive, 13 equally imefficient but the loss of

osmotic property ted with the d of functional achivity cansed by the achion of the
apour of ehloroform fae hitates the occurrence of Josses of turgescenco to such an extent as to emsure
the of sapd ts wherever favounng ective transpiratory removal of

water are present 1 high degree

APPENDIN D.

ON CERTAIN COMMOMNLY ACCFPTED BUT CRRONEOUS STATEMEMNIS REGARDING PHENOMENA
PRESEN1ED BY MIMOS4 PUDICA

I —That, w the nitial nocitrnal posriion of the leares durng the earlier portwons of the mglt,
the pymary petioles are w & position of deep depression *

Tux following notes give the esults of observations 1 regard to this pout, which were carned cut
at vatious times of year —

Exvertent I —January 27tk 6 ex Pmoe ard pionules m maximal pocturnal posiion  Prmary
petioles hughly elevated, but becoming deeply depressed on cuntact unpulses

Exerimgent 1T —January 28th, G-20 »n

Exeerinest III — February lst, 620 py

Exreruszar 1V —February 8thy 6 p

Exesznent V—Tebuary 11h, 6 rx

Esprameyt VI —May 30th, 7 3t Pronm and punles i maximal nocturnal posttien Primary
petioles horizontal or ehght'y elovated

Exprrinesr VI —October 11th, 6 7 Pinowe and pnules almost 1a maximal nocturnal position
Primary petioles horizontal or shghtly elovated

October 11th, 830 py FPimaw and pnnules 10 meximal pecturnal postion  Prnmary petioles
hos zontal or shghtly elevated.

October 12th, 1215 ax Funm» snd popules as before  Marked incresse 1o elevation of the
primary petioles

The observations of tha 27ith ond 28th Janvary and of the Ist, 8th, and 11tk February were
conducted 1n regard to very young planta m which the numbers of pipm and of pnnules m the
Jeaves wero still emall, the pun, 2s a mule, bemng only two or thres i number and beanng cnly
a limted number of punules. This probably accounts for the fact that 1o all enses the prmary
petioles were lighly elevated, os 1m such leaved, spp iy m with deficeney of distal
Jeverage, excess ve elevation of the primmary pebiole 1s of comunt occurrepce  The Jamnar port one

Results precisely sumilar to those of the presious day

® Sacks Vorlesungen » Vorlesupg XXXVIT, » 759
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of the leaves of eecdling plants are for somo time very feobl'y d"_"”“"l"’"; there ‘)’C'ij’gl‘ot“ll)'lfrom one
to two pinnw presovt, and theso bearing 0“‘?’ a very fow pairs of qmnu 0-"".:10 :}”}: ‘f"’ a "*V(':’:Siul;
probably mwuch less influential in them than it is in fully doveloped leases with thewr four pinne
multitudinous pinnules, ' o ‘ 1 \
The phonomena which are presented by tho.!cnvoa of Mimase pudica, when grown under norn}:
tropieal conditions, and cspecinlly when grown in the open. gr(znnd 50 ns {0 ‘pt-r.l)nt of indefinite
oxtension of root-surface, certainly vender it very hinrd to imayine how n holie in the ()ocurr’encf:
of deep depression of the primary potiole ns a normal n_\'elitmpxc‘ l'shonnmmnn should have r.msrm.
11ad it been present, it would have been quite avomulons and n striking oxample of nn rvxcr-puosf to
the rule that tho position of the various parts of nyetitropic leaves during the earlier part of the night
s one which was cither tho permanent position in very young leaves or the diurual position in same-
what older but still immature ones. But, as a matter of fact, drep prtiolar depression dors not eccur.
And tho slightly asconding, horizontal, or slightly doseending  position which ronlly does ocour  affords
1 striking oxample, not of dovintion from, but of conformity t{o, that rule. The position,
however, even in plants with unlimited oxtension of root-surfucy, is normally an extremely uustable
one owing to the coiucident depression of osmotic capacity within the pulvinar tissues at a time
when they have still to contend with very eonsiderable distal leverage; and  henes  very slight
disturbances, which aro quite incapable of inducing deep depressien in unloaded leaves exposed
to solar stimulation, rendily suffice to give rise to it mow. As has been pointed out in Appendix
¢, the disturbauce in the liquid-equilibrium in nn axis which attends the amputation of jta distal
estremity gives riso fo much moero constant and oxtensively propagated movements of petioiar
depression when it occurs after the Jeaves have assumed the initinl nocturnal pesition than when it
somes into play whilst they are still subject to solar stimulation and in the mnaximal dinrmal one.
nis, perbaps, affords an explanation of the origin of the belief ; for it is conceivable that deep petinlar
depression may spontaneously oceur in the easo of pot-plants with limited root-surfaces and exposel to
abnormally dry nocturnal atmospheres, the limitation of supply of waler and eontinued active trans-
piratory loss co-operating to play the part of slight meclinnieal disturbances or other extrinsio
agencies disturbing tho liguid-equilibrinm of the tissues. ven if this be the ense, howarver, it in n» way

affects the fact that, under normal circumstances, deep depression of the petiole is not @ normal nycti-
tropie phonomenon,

IL—~That when the primary peliole is deeply  depressed duering the day in consequenes of

“stimulation,” its leaf hangs loose and pendulous; whercas when in the same Jiosition
during the carly part of the night it is ryid*

It is hardly necessary to discuss this yuestion, sceing that, in plants grown under normal cirenm-
stances, the position of deop depression of the petiole, whether it arises dinrnally or nocturnally, makes
its appearance "under precisely similar circumstances and is induced by the same factors, 'I,t may.
hawover, be pointed out that it is not true in regard to plants grown under normal circumstunces th.ng
the leaves hung loose and pendulous when petiolar depression has arisen diurnally in  consequonce of
the action of any so-called “stimulant ™ agencies. . ’

IIT.—That sudden exposure to absolute darkness, aparé from any olker disturbing condifions
i atlended by the occurrence of sudden movements in the leaves., ’
The following notes show the nature of tho results of exper] i i .
. : ‘ Xperiments 'h 3
wera in maximal diurnal poesition, were suddenly ; o Qo hoso lJaves

introduced into the absolute darkness o i
dark-room in which black velvet curtnins covored even the small w o Tgrplic

. indows of coloured i
only source of light under ordinary ciroumstances:— gloss afoxding the
Uy ¢ Y — X i 1
c.g]xm;;m\lx]x.‘\‘li '\.HI. After an exposure of five minutes’ duration no appreciable change in the
postion of the various parts of the leaves had ocernrred. Affer an exposure of fifteen minutesna certain

* Sacks Vorlesungen; Vorlesung, XXXVII, s, 7su.
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emount of punular elevation was recogmsable After an exposure of thirty two munutes the prnnule
occupied a postion more or less intermediate between ther normal mamimal diurpal and nocturna
postions  No perceptible alteration n the positions of the primary petiols occurred throughout th
entie courss of the experiment

Expermvest IX —No immediate effect followed transfer to the dwl room After sn exposur
of thirty mimutes the pinnules occipied a postion almost intermediate between the maximsl dirpa
aud noctwrnal postins at the close of an hour the yinnm and pipaules were almost n mamma
normal nacturnal pos t on, but the primary petioles remaiped elevated

TRepeated expenments of a Like nature unequivocally showed that mere deprivation of hghi
however sulden and complete 1t be, 13 never sn efficent ficfor wm giving mse o the cocurrence o
sudden movements, and that it 15 1 shelf unattended by the occurrence of deep petio'ar depressio
even where it has acted during pertods prolonged enongh to secure maximal convergence of the pnn
and elevation of the pionules ‘lhey further showed that elevation of the yrumules oceurs somewha
ore rapudly an plonts exposed to o dry atmosphere than in those exposed to o humnd one, and, cor versely
thet recosery of the diwrmal position on remewed esposurs to hght occurs more yapidly 1n a hum
than m n dry atmosphere

In the case of experuments of this nafure we have to deal with movements coonected with th
1medence of external infl iences determiming fluctuations mn the functional achvities of the tissues of th
motor organs, but the fluctuntions are of & negative nob of u pomtive nature, they are dependent not o
the neidence, but on the removal of stimulation, and the decrease 1n turgescence of the f1ssues of the moto
organs which durectly determines tie diplacements of the vamous parts of the leaves 15 caused
not by nctive contraction of the protoplasts of the tissus elements, but by the elstic recoil of th
cell walls, which 1s no longer efficiutly appoced owing to the decrensed osmotic property of the cell eap
The movements are of a slow and 1ncensibly progressive character, 25 13 the case with ail wevements anem;
under simlar circwmstances In all cases m which the ocomrremce of movements tending towsrds th
assumption of the nocturnal poston in the leaves of Munesa prdia csn be unequivocally traced t
olterations m protoplasmic functional activity acting alone, the displacement 13 invanably of a slos
gradually progressive character, snd 1n all eases 1t 18 connected not with st mulation, but with depressio
of protoplasmic actimty Budden exposure to ahsolute darkness implies sudden deprivation of golar stimu
Tation of the protoplasts of the tissues, and with this 2 sudden depression of asmmilatory nctimity, but th
effects of this do not maniest themselves suddenly, becanse ssumilitory achvily 19 only mdirestly relofe
to the momtepance of maumel turgesce: ce through the mntervention of the osmotie properties which 1
confers upon the cell sap owing to the products which 1t adds to 1t The deprivation of solar stimulatioy
ploces an arrest on the ssnmilatory additon of osmotic products to the cell sap, but the actual loss 1
turgescence ulimately epswing ou this will be regulated by the prcgress of expenditure of the osmotr
products present at the tune at which the arre ¢ took plate  The depnvatior of the conditions se uriny
mowkenssee of turgeweenca at o certun standsrd 18 eudden, but the fall m turgeseence i gradua
because 1t 15 conmected with the gradual expenditure of a stock of pre existent unstable materals 8o
1 the case of plants which are esposed to the ifluence of the vap ur of chloroform 1 s bumi
atmosphere gradual progressive movements alone oc-ur, becaueo here agam we have ta deal only witl
depression and ultimete aboltion of ssumuilatory actinity leading to loss of osmotio capacity of the cel
sap, sod through tiis to alterations 1 the turgescence of the tissue elements But, whilst depressior
of funchionel actinty 1s weapable when acting alore to give me to the cccurrencs of sudden move
ments, it may serve to secure their oecurrence when 1t co operates with other conditions favouring
Josses 1n turgescence, but equally meapable of mduciwg the oceurrence of sudden movements when acting
alone Tie sudden 1introduction of a pi nt iwto & demceated atmosphere 1, 8s a rule, followed merel
by very slew progresave movements of the pwuules, or, 1u cases whero the root supply of water 1
yery sbundsat, may bo uasttended by any movements whaterer but sudden troduction 1nto o chambe
temtan10g both suly hune seid 1nd obloroform 18 norwally forlowed by the occurrence of sadden rapidl
excouted movements, becnusa hers we have to deal not merely with conditions depressing functiona
achiity or gining rise to greab inerease 1m tiauspiratory loss but with conditions wunplying the coma
Gent presence of ko b tlese factors of decrea s 1n turgescence Are we o suppose, as the ordmaris
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- of tho industion of suddanly oxecuted movements would apparemtly !]'-mm:«],' tlx:jt
nccopled theory o fl bocomos n stimulant to functional aelivity in a dry stmospliere, wlilst jt
e Cl‘““" in o xx{oist (;nn? Surely it is more rational o canclude that in Loth caees 5y nrts
“‘01: "Sg nn ‘3{2‘;:"::::; ‘:f nfmw’.'umnl netivity, but that the rate at which indiees t‘o ita neling xmm.i-
?c;totl‘:omsolvm in o reduction of turgeecones varies with the extent to which facilities for the rag il
removal of water frum the tissues are present.

e drion: & e learex 18 one 1wl h e connceded with

IV.—That the nocturnal position of the various parts of the leaves i n“ / ' ,
a degree of lurqrscence dn the molar organs grealer than thal sehich i1 present in o eos
tion aedth the divenal position*

-

In order to demonstrate the praundlessues of this belint §t i4 only necasinry ta eail {n mind the
tenomoun which can b dircetly obsorved in the guard-clls in canncetion with the reumption of i
diurnal ond necturmal eudition by the rlipmatie orifiees, together sith the fact that the nerturpsd
position is nsumed by the leaves of Mimaer putdier undor the influsnes of austhetics or of canditione
1008 -
implying excess in trangpirntory lovs in relation to rost-supply of water,

Rttt 3wk e s e oy

APPEXDIX E,

THE INTLUENCE OF HYGROMETRIC CONDITIONS ON THE DEGREL

OF “INRITABILITY * OF
MIMOSL roprcd.

Tur effect of hygrmetrie conditions in influrneing the degroo of Nability ta the goaurrenes of
rapid and extensively diffused movements in tha leavis of Yimaes Fidies ia illustratod by the follawitg
experimental data. The caperiments aro armnmed in two die

tinet rooups, A and B e thore inchuded
under A illustrating the charncter and extension cf the movements Iullowing the incidencs of ro.called

“stimulant ” ngencies uuder conditions of exeas<ive atmotpherie nnd tolluria moistare; thows und r 2

illustrating the phenomena presenting themeelves under the influenes of eimilsr ageacies when humid;
was normal or depresced.

[
Yy
-

Sheiw)

GHOUP A —-HUMIDITY IXcrasivy,

a.—Resulls following amprtation of lipx of terminal minnnles of

distal pinnce, or amputation
of tips of axcs,

L.—ILijects folloteivg the amputation of the tips of pinnules.

Exverivest L= Jupe 235d. Temperatuye TTDE, atmorpleric humidity 97 prroende Rain fad
Jall'n steadily for some hours and seas still fullmg heacity ; ceerything  drens
of the tips of terminal pinnules was followed by n pause
the divided extremities of the mid-rib and the ]
pinnule, of its fellow, aud of one or two adjnee
subsequently oceurred in one or two others,
coursn of the injured pinne.

Exerrivent IL—July 19th. Temperature 8O°F, atmospheric humidity o7 er cenl,
rain had fallen during the previons night and continued to Jail gratly at the time of cxperiment,
was drenched with maisture,  Tuc leaves tcere in marimal diurnai position and, in
loaded with adherent drops of rain.—Amputation of the t
slow aud irregular nction in a certain number of pinnul

————
* Sachs Vorlesungen ; Yorlesung, XXXT71, &, 580,

iedd it moisture.—~Amputation
v during which drops of exudation sppear.d at
arger veins on the cut gurface.  Elovation of the injure.d
ut pairs of pinnules followed tlowly,  DPorlial elevation
but pinvular movements never extended along the cntire

Cuntinuous
Ererything
many cecws, were hearsly
ips of terminal pinnules was fullowed by very
e3. Frequently only two or three distal pinnules

e
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became elevated, and elevation of the injurel pnnule was often delayed until wisble exudation had
eppeared ou the cut szrface  In tho case of heavily loaded leaves depression of the primary petiole
wsnslly ocourred, the movement immed ately succeeding elevation of the injured pinnule, or of 1t and
1ty fellow

Exrenmveny IIL —July 20th  Temperature 8) 5°F, atmospheric humvisty 95 per cent  Heary rars
lad pallen all night anl van was shil falllag af the periol of experiment  Frerything was drenched with
monture —Amputation of te tips of terminal pinnules of leaves which were not loadel with adherent
drops of ram was followed only by mperfect elevation of & few distal pinuules m the mjured pinne
No action whatever ocourred even iu the mmjured pinuule until after a pause, during which drops of
exudation appeared on the cut surface

Exeerwvent IV —July 20th Temperature T8°F, atmosphersc hum dity 94 per cent Pery heary
raunfill hai oceurred shortly before and the sky was etill covered with clouds  Everything was dyenchel wilh
mowtme The leares werc n mazimal drnal posiion and many of them were b arly lorded with adherent
drops of ran —Amputation of the tips of termmal pinnules wos followed merely by slow and unperfect
sotion 10 o few of the distil paus of pinnules in the njured pinnm, save 1 tho cose of heavily loaded
Teaves, n which deep depression of the primary petiole occurred ly with or diately
after elevation of the 1njured puunule

Lxeerenr V-—August Tth  Ths day was ot of drenching, tropieal showers alternating with
witertals of bnlant sunshire  The leaves were n manimal drnal posttion and n some wnstances heamly
loaded wih adherent drops of ram —Awputation of the tips of termwel pmnules was followed merely
by very slow and mperfect action m eigat or mime neighbounng pmrs, snd, 1o the case of ome
heavily loaded leaf, by deep dopression of tho prumary peticle ero any bub the imjured puomule
had become elevatel Hero all the conditions for excesuve turgidity of the tissues were certainly
present, for thero had been abundant solar l m d with excessive root supply
and mimmal traospirstory loss, and yet “untabiity” i place of being mewimal as Haberlandt says
1t ought to be under such eireumstances, was minmal

Exreroest VI —Septewber 13tk Almost wmintersupted ramfall had taken place during the thres
precwous days and drencls g showers had fallen earl er sn the mopmng  The shy was bright, bul the sun was verle
by chud  Ererythng was drenched with mosture  The kates wure sn maawnd durnal postion and s
many e1ses loaded with adherent drops of rawm —Amputation of the t:ps of termmnal pionules was followed
by a pavee, dunng which no movements occurred, but drops of exudation appeared st the divided
extremites of the mid mb ond larger vewns of the injurel pnule Slow elevation of the injured
pinule then took place  This was succeeded by o pause, after which the uninjured terminsl pmnule
acted  Anotler pruso evsued, followed by slow movements of elevation mm a certan number of
punules m the outer holf or third of the imjured [mna  In the case of heamly-loaded leaves
depression of the primary petiole often ocourred as the first sequenco to elevation of the wmjured pinnute
and 1ta fellow, and 1n one caso as the very first pt of b to dation on
the ¢t surface of the injured pinnule

Exreriviat VII —Qctober Tth  Fery heary ramfall Jad occurred n the course of the prersous night
and during the earber part of the day  Tle leaves were 11 mazunal diwrnal posston —Amputation of the
tips of termmal pinnules was followed by very slow elovation of the pinnules of the wujured pinna, the
movements being m many cases confinel to the termunal third or half of its course The prmary
petiole 1n some cases ‘became depressed 1mmediately after elevation of the injured pronule and its fellow

9 Lfiects followmg the amputabion of the tips of azes.

Experivzst VIIT —June 2dth, 8 Ay Heary shovers of ran kad fallon @ ring e mght and both
sorl and @ rere very humtd —Amputation of the tips of nxes was attended by no results, save the local
exudation of s large drop of flud on the divided surface

Fxprenueyy IX —July 15th, 8 anx Ao ory mowst and ground saturated owmng to hemty ran cn

the prenious day —Amputation of the bps of axes was followed merely by the osudation of o largs

drop of flud on the eut surface
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Bxrouneyt X.—August 20th, 1 A Heavy showers hd fullen in the oourse of the moraing and
both soil and air were rery humid.—Amputation of tips of axes was merely followed by loeal exudation

of liquid on the cut surfaco.

b.—Results following mechanical disturbance or separation from the axis.

Bspemyest XI—A pot-plant was introduced into a soaled moist chamber and exposed to diffused
sunlight. Extremo elevation and expansion of the leaves occurred, and when the whole apparatus was
violently shaken, so as to agitate tho leaves strougly, the only movements which oceurred were confined
to a certain number of pinnules which were actunlly in contnct with the walls of the chamber.

BspennesT XIL~June 10th,  Raw was falling heavily and ecerything was drenched with moisture.—
A pot-plant was conveyed over o mile of rough road without the lenves showing any appreciable departure
rom their mormal diurnal condition, in spite of the continuous, agitation to which they were expaszed
during the transit.

Txprriest XIIL—June 24th. Conditions and results as in the previous experiment.

Exrrnnest XIV.—August 8rd.  Then and durmg scerval  previvus days atmospheric Joumdity was
excossive and rainfall abundant.—A. vigorous shoot was detached from o plant and conveyed over n mile
of Tough road intervening between the garden in which the plant grew and the laboratory. It bore
nine leaves, the two terminal ones being stili very young, In spito of the continuous agitation to
which jt was esposed en roufe, it reached the laboratory with the primary petioles of nll the leaves
save one either horizontal or only very slightly depressed, and all the pinnules, save one or two
isolated ones, in almost moximal diurnal position. Even half an hour later the pinnules were only
partially eclevated; but, on exposure to a gentle ourrent of warm dry air, they rapidly assumed the
fully-developed nocturnal position.

ExPERINENT N.V.—September 24th.  Almost continuons drenching rain had fallon during the previous
Sorty-eight hours. The sky was covered with cloud. Evcrything was drenched with moigture and the leaves
were in maximal divenal position.— Separation of shoots from the plants to which they belonged was
attended by no movements whatever in the leaves unless they were subjected to violent agitation.

c.~—Resulls jollowing the application of flame fo the tips of terminal pinnules of distal pinne.

Exrerivest XVL—A  pot-plant was enclused within a sealed moist chamber. After it had
remeined within it for some time the cover of the chamber was soveral times momentarily partiully
displaced and an open flame applied to the tips of the terminal pinnules of one of the distal pinnwme
of several leaves. The application was followed by the occurrence of slow inovements, in some cases
extending over the entire leaf, in others confined to the injured pinnee. In no case was there any
propagation of movement to any leaf but the injured one. When similar treatment wus applied to
the leaves of plants growing in the open nir, complete movements in all cases occurred throughout
the whole of the injured leaf, and action was invariably propagated to at least one other leaf, although
atmospherio humidity was at the time by no means low,

ExperiueST XVIL—A plant was treated as in the previous experiment. When flame was
applied o one or two of the terminal pinnules of one of the lower leaves, slow and partial elevation
occurr.d in all the pinnules of all the pinnw, and was followed by depression of the primary petiole ;
but there was no propagation of movement to any other leaves, TWhen similar treatment was applied
to the leaf of a plant in a luted pot within a sealed sulphuric neid chamber, complete and rapid action
oceurred throughout the whole of the injured leaf and was propagated to all the other leaves or
the plant. -

Exrzrmvest XVIITL—A pot-plant was placed in a sealed moist chamber. The leaves became
extremely elevated and expanded. After an interval of two hours and a half, the cover was partially
removed and flame was applied to the tips of the terminal pinnules of a distal pinna of one of the leaves.

‘ow and partinl action occurred throughout the injured leaf, but there was no propagation of
movement to any other leaves. When similar treatment was applied to a plant which had been for
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some hours 1n & sulphwa nod chamber, repid and complete action fook place throughont the injured
leaf snd was propugated to all the other leaves on the mngle azia of which the plant was composed

Exeeareest XIX.—June 12th  Soif cery moist, atmowpherie humdity kagh~The application of flame
to the termtnal pinnules of Aistal pionwm of leaves of plants growing 1 the open ground was followed
by very slow and tmperfect elevation of the punules of all the pusn®, and by slow and incomplete
depresnion of the prmary petiole There was never any propagation of movement to any other leaf

Exrentsent XX —June 9th  Raw was falling heavrly and the sol was saturated with mowture —The
applieation of flame to terminal pinnules of distal pmow was followed by slow and imperfect
elevation of all the pmunules of all the pinnm of the 1njured lead, and, 1n the case of one leaf which
was heavily loaded with adherent drops of raw, by depression of the prumary petiole  No propagation
to any other leat occurred

Fxrerivent XXT —June 156th.  The sy was complelely covered eith cloud, and heacy falls of ram
were occurring at frequent snicrrals  The soul was very mowt —The application of flame to the tips of
terminal pinnules was followed by very slow, immcomplete elevation of the pinnules of all the pinnm
and very slow, wcomplete depresson of the primary petiole of the injured leaf No propagation of
movement to any other leat occurred 1o sny case

Exerarvuent XXII —June 10th, 8 Ast  Afmosphersc femperature 80 5°F  Humudity 93 per cent Tle
mornng was cool and still Heary rawnfall had occurred yust before the pewwwd of ezpertment. Thers wap
Erilhant sunshine, lut the plints were not directly exposed fo 1t —The apphoation of flame to the tips of
terminal pionules of distal pinnm was followed by slow and almost complete elevation of the pinnules
of the mjured puna, snd by slow, unperfect action m the oppomte distsl puma and in the proximal
punnas on the eame mde as tho injured one No action whatever occurred i the pwmnules of the
remaing puns or wm the primary petiole, and there was no propagation of movement to any other
leat

Exreruwest XXITI—June 21st, 8 o u  Atmospherss ten perature 81 5°F,  Humudsty 91 per cent
The aky was comyletely covcred wth cloud, but no ran had fallen during the wight, and the lawes were
consequently dry —Tke apphioation of flame to the tips of termunal pmoules of distal pons was followed
by complete action throughout the injured lof, save 1n ome cose i whioh mo action cccurred 1 tho
proumal pura of the oppomte aide of the loaf, and snother 1 which the prmary petiole did mot
undergo any dep No prop of t to any other leaves ocourred

Exrzriuent XXIV ~June 23rd 8 ant  Afmospheric temperature 77 5°F, Humubily 97 per cent
Rawn had fallen contsnucusly for some hours prevous, and was st U fallmg heavsly Ererylhing ras drenched
with mossture—The applcation of flame to the tips of terminal pruules to the extent of actuslly charnng
them was followed by slow action of the pinnules, never extending over more then three prana, and,
where the leaves were not heanly loaded with adherent drops of rain, usually unattended by any depres
son of the primary petiole  In no case was there any propsgetion of movement to any other Jeaf

Exreatyent XXV —June 26th 8 ax. Atwosplerie kmperature, 8L 5°F Humudity 90 per cent  The
leates were dry, but tle sl was dicneled with wowsture  Tle normng was bright, but there was an abeence
of direct sunshine —The appheation of flame to the tips of termmal piunules of distal pinnm was followed
by elow but almost complete elevation of all the pinnules of the injured pinna, depression of the primary
petiale, partial action 1 the pmoules of the yrxmmal pioma of the mjured side and m those of the
opposite distal pinna  In ome or two imstances incomplete elevation slso ocourred in the pronules of the
Temuniog pinna In no mstance was there soy propagation of movement to any other leaf

Exeeenrent XXVL—June 29th 8 A & Abmoygherre fen perature 79 5°F  Humudity 94 per cent
Ram was fallng hearrly —The apphication of flame to the t1ps of termmal pionnles was followed only by
very slow elevation of the pmuules of the injured puans, and by incomplete elevation 1n those of
the remsimng ones Depression of the primary petiole did not occur, and there was no propsgation of
movement to any vther leal

d —Fffects of the applcation of heat 1o a pont wn the course of a mature azis,

Exerriest XXVII—July 20th, 8 A% Aémospherio temperature 80 5°  Humidity 95 per cent
Heasy rawm had fullen ali myit, and sasn wat stll faling  Eeerylhing war drencked with moistuse—~Thoe

ANy Ror Bor Gamp Carcurra Vor VI



142 CONNINGHAM ON FLUCTUATIONS IN TURGESCLNCE.

{horough applicntion of tho points of liented foreops to p'oints in the conr‘sc; of .mnh;ro nxn:a .wn!a lfol]rox:;i
in overy cass by au entiro obsenco of any movements in any leaves oxt.xer x‘n the enn n‘po r:l e
centrifugal direction, This experiment clearly proves that m)' mere ﬂuct\m‘tmm in pressuro in ‘; tq :1

contained in Haberlandt’s ¢ Reizloitendo system ™ aro efficinnt to’ oerasion nny propngn'hon of maosr-
ments, Tho local application of heat must here, 03 usual, have given riso to an olom!_mn of prcwur'o
within tho liquid confained in tho system of sieve-lubes, ond a8 usnal this f'!c';nhon :mm{ have
beon propagated in both dircotions, and yet no movenwnh'wlmlr-vor tock place cither econtripetally or
contnfugally. Tho nbsoneo of the ocourrenco of nuy ceutrifugally prf'»pngatc:d t:norarr{(m(zf under such
oiroumstances is readily oxplicablo if wo regard tho centrifugal propagntion which is ordinnrily present as
tho rosult of obstruction to the ascent of water nlong the waler-monducting system incidont on the
groat gaseous expansion caused by tha loeal application of heat. Under tho eirenmstanens prevailing at
tho timo of the experimont not only must the entiro water-condusting system have contained nn exeess
of water, but {ranspiratory loss of wator must have been practically aberut, But this heing o, thero
is no reason why o temporary ohstruction or arrest in the passige of water slong tho wnter-conducting
eystem should have given riss to the ocenrrence of sny centrifugal propagatinn of movement; for, with
minimal transpiratory loss aud the presence of Iarge quantities of reserve-wnter within the water-conduc?-
ing system, there was mo immedinto demnnd for continuous root-supply in erder fully to met the

demands of thie mator organs, aud the temporary obetructive cffcet of the gascous expansion might well
have entirely disappeared ere such n demnnd nroze,

Bxrenpvunxt NXVIIL—~July 24th, 8 an,

Atmospheric temperature T85°1 Humidity 04 ger ernt.
The morning tras cloudy.

Fery heavy rainfall had occurred shortly Lofire the pericd of experim-nt and ceery-
thing teas drenched with moidure—Searing puints in the courss of nlure nxes was followed only by
slow imperfect aclion in the first leal boyond the injured point.

GROUY B.—~HUMIDITY MODLRATLE 0ot LOW.

a—Resulls following amputation of lerminal pinnules of divtal pinn@, or amputation of
tips of azes.

1. Efects following the amputation of lips of pimnulee.

Exrrrivest XXIX.—Completo elevation of all the pionules of all the pinne and deep deprezsion
of the primary petiole of the injured leof, ‘ h
Exrouest XXX.~Completo nction throughout the wholo of the injured leaf,
Exrerotesr XXXT.~Completo action throughout the whole of the iui i
A 1 ujured leaf and 88
the primary petiole of the one next nbove it on the axis. ! cot and depression of
Bxreerukyr XXXTIL—Complete nction throughoat the whole of the injured leaf,
gxmm.\mm iXXIII.——Cnmpleto action throughout the wholo #f tho injured leaf
SXPERDMENT XXXIV.—Completo notion threughout the whole of inj ‘
. t .
action throughout the wholo of the leaf next above it on tho axis "0 dnjured Jeaf; slmost complete
Exrermtent XXX V.—Complote act] i in} ‘ :
tho axis. P chion in tho injured lwaf and in tho omo mext above it on

Lxrrrueeyt XXXVI—~Conpleto netion in tho injured leaf, §
11 ion i
next below and the cne next above it on the axis, : 7 Folomed by complty action fa the one
Exrerivest XXXVIL—Completo action in the jnj d ;
one next below and the one next above it on the nxis, e feoh, followed by eomploto sotfon in the
',I?xmmmml' XX'X’VIII.—CompIete notion throughout the whols of the injured lenf
"i‘xrmmm'r XXXIX.~Complete nction throughout the whole of the injured leaf .
} ﬁxml:mm.m X.L.—Gomplete .uotxon thronghout the whole of the injured lenf; ‘com lete notion i
t'xe rst leaf nbov? it on the axis; depression of the primary potiole and . preto melion in
pinnules of the thiid leaf above the injured one, purtial cloration of th
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2. Lfiécts following ampuiation of tips of azs.

Exerrivexr XLI—Action in the first four leaves beneath the tip, and sction 1 five other
leaves stusted at pome distance lower m the course of the samo shoot

Exeerntzyt XLIT—Centripetal propag of to ell the leaves on the same shoot
~t XLIIT —Ci 1 p of to all the leaves on the same shoot
XLIV —Centripetal p of to the mine leaves situated mmediately
beneath the tip sleng the course of the same shoot
ve XLV —Centripetal prop of 1o all the leaves on the same shoot,

b.—Resulls followng the application of flame lo the ips of termunal pinnules of distal pinnee,

1. Plants reoled wn the open ground

Txrerotext XLVI —Complete action throughout the whole of the injured leaf and the onme next
above 1t on the axis

Exreeneent XLVII —Complete achion throughout the whole of the mnjured leaf and the one next
nbove 1t on the axis

Exrerest XLVII —Completo action throughout the 1njured leaf and depression of the prmary
petrole of the one nevt below 1t on the ams

‘Exrerotexe XLIX —Complete action throughont the mjured leaf, completo achion 1n one leaf
below and 1n two above 1t on the same oxis

Exverment Lt —Complete action 1n the njured lenf and 1 the two nest abave 1t o the aus

Expemivcat LI —Complete action throughout the injured leaf, incomplets action 1z two zbove and
one below 1t on the eame axig

2 Pot plants

In the case of pot-plants the effects following the apphcation of flame to the tips of pumnules are
much more extensively propagated, owimg, no doubt, to thewr more hmited root supply

Exrermyent LIT —Complete acti o m the injured leaf, complete action 1n all the leaves above it
and 1n one below it on the same axs

Expeanuevt LI —Complete action yn the mjured leaf , followed by complete action 1n all the
other leaves over the entire plant

Ixeesment LIV —Complete sction 1n the mjured lef, followed by complete action thronghout ell
the leaves on the same axis

Exeeryeve LV —Complite action n the injured lesf, followed by complete action 1a all the
leaves on the same shoot save the lowest one

Exreriext LVI—Complete agtion 1 the myured leaf and in the three leaves next sbove 1t on
the oxy

Exeerngest LVIT —Complete action 1a the mjured leaf and 1n all the others on the same ams

The following esperiment illustrates the 1fluence which duifferences in degres of soil moisture alone
ero capable of exertu g on the nature of the phenomena attendimg the application of flame to the tips
of termal pmnules of distal punm

Yxesrivent LVIIT —Juue 22nd  Atmospherie femperature 84 5°F Humdidy 77 per cent —Two
pot plants, 4 snd B, wero stending sude by mde 1 the open mr snd were under preasely the same
arcamtances, save that the earth in the pot ;n whih A4 was contmmed waz dry, whilst that m the
pot. cor taiming B was thoroughly mowst 1 consequence of the recent addition of water

When flame was eppled to the terminal pmoules of leaves of A ecomplets nction fhrough.
out the mjured leaf, followed by the occurrence of movements 1o varying numbers of leaves
sitoated along the course of the same shoot, occurred i every imetance, wherens, when mmilar treat~
ment was eppled to leaves of B, it was followed merely by slow, 1mperfect elevetion of all the
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pinnules, succceded in ono instanco by doop and in another by slight depression of tho primary petiolo
]

injured lenf. . )
o th;t:ngllg: ox;orimont wo havo ovidence of tho oxtent to which exoossivo rcot-supply x.nny serve to
discount tho result nominally attending tho prescnco of nolive transpirstory loss connecled with modernte
atmospherio humidity.

c.—DResulfs following the application of keal fo points in the course of mafurc azcs,

Expsnoest LIK.—Heat applied by focussing the rays of the sun upon a point in m.x aris 4 inches from
the leaf next above ity and aboul 075 of an wch from the onc nc:rf beneath t'!.-—.(}entn{ngull%' pfopngnt(.zd
action ocourred in all the olevon leaves situated on the distal side of tho point of application. No
action whatever occurred in any leaves on the basal side.

Exrerivent LX—Centrifugally propagated nction in all tho leaves situated to tho distal side
of tho point of application. . '

Exvenveyt LXIL—~Centrifugally propagated action in all the leaves situated beyond the point
of application.

T wo insist in regarding the movements which the leaves of Aimowt pudica exhibit under the
influence of textural injuries or meochanical disturbance as necessiwrily dependent on stimulation and
netive coutraction of the protoplasts of the motor organs, the rosults of this entire series of experiments
must foroe us to tho conclusion that the degree of irritability in the tissues is almost enfirely regulated
by tho nature of the hygrometric conditions to which tho plants aro exposed, and runs parallel with the
extent to which dofective supply or oxcessivo loss of water is present. It is, of conrse, possible to
imagine that such a relation between protoplnsmic irritability and hygrometrie conditions might exist,
but there is certainly nothing to explain why it should do so. But if woe regard the movements ns
having no direct relation to functional aetivity, but as dircetly dependont on purely physical processes of
redistribution of liquid throughout the {issues, it nt onco becomes ovident that the presence of any
extornal conditions favouring the occurrence of rapid disturbances in liquid equilibrium must necessarily
also favour the occurrenco of rapid movements. The scries of coincidences is of such o bature that,
whilst the ordimarily nccopted theory is quite incapable of nccounting for it, the physieal theory can

rendily do s0; and this being so, there can bo no question that the latter has here, as in many other
oases, the better claim to accepfrnco.

APPENDIX F.

ON THE EFFECTS WHICIL FOLLOW THE LOCAL APPLICATION OF HMEAT TO AREAS IN THE
COURSE OF AXES OF M/M0S4 PUDICA.

As has been pointed out in tho body of this paper, the effects following the looal spplieation of
heat to points in the course of axes of Mimosa pudica nro different in the caso of youug
shoots from those which present themselves in mature, woody ones' In both cases extensiv
propagation of movement is constant; but in the former case centripetal propagation {requently cccurs
to a certain extent, whilst in the latter it is entiroly nhsent, save in cases wherever the point of ‘applicu-
tion is in the immediate neighbourhood cof the first lenf below it, and then is confined to the lntter,
The following data are derived from a sories of oxperiments on matare shoots in wh
in some cases effected by means of the application of an open flamo,
heated forceps, aud in still others by focussing the sun’s xays by means

v soft, green
e centrifugal

. ich heating was
iu others by the employment of
of a lens:—

a—Effects following appiication of an open flame.

Esesriext I—Flame applied midieay between two leaves.—~Action in all the leaves beyond the point
of application; no action whatever beneath it,

Exeerient IL—Flame applied as in the preceding case—Action as shove.
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BxperisteNt IIL ~Fuame apphed near ths s ifervor leaf and af a consderable distancs JSrom the superior
one —Action 1m all the leaves beyond the point of appheation, o sction m any beneath 1t

ExeerimeNt IV —Flame apphed ymmedately above the wiferior keaf and far from the superior one —
Action 1n sl the leaves beyond the pownt of apphiocation, 2nd 1n the leaf smmediately beneath it

b —Effects followng’ the searing of a pomt w the course of an ans with strongly heated Joreeps,

Exrerivene V —Forceps applied fo the ans close bryond an snferior laf and far Jrom the next
supertor one — Progresuve certrifugal action of sll the leaves along the courss of the avis beyond the
pont of application, po action beneath the pont of sppheation

Exeermuzxts VI, VII, VIII, IX, X —Procedure and results 1dentical with those of experment V'

Exeermeve XI - Forceps applied smmediately abore ihe wnferior leaf —Action m the first leaf
beneath the pomt of applicstion and 1 all those above 1t

Ta 8 temes of thirty pumilsr experiments 1m which complete movements oecurred 1n all the leaves
on the axs beyond the powt of apphontion, movements ocourred m the first leaf beneath 1t 1n only
five mstances, and 1n all of theso the pownt of application was very close to the origm of the prumary
potiole from the axis

co—Effects following focussing the rays of the sun on & gwen powmt wm the course of an ans

Exrerruent XII ~—Focal p it close to the oripn of the laf bencath and cbout fwo inches Jrom the
one neat abore st —~Completo, spreading, centrifugal sction m all the leaves shove the pownt of applica-
tion, no sction whatever 1z any leaf beneath 1t

Exeznusnt XIIL—Focal ot closs to the orign of the leof beneath and obwt thiee enches from
the one nezt abore 1t —Complete action m all the leaves beyond the eite of application, mo action whate
ever m any leaf beneath it

Exvenoent XIV —Foul pomnt close 4o the origin of the leof bencath & and about an tack and a half
Sfiom the one nezt above 1t —Complete action 1n all the distally eituated leaves, achion 10 tho lesf ymme.
duately beneath the site of application

Exerriupnt XV ~Focal pont about mduny ctween the leaves beneath and alove 1t —Achion 1 all
the mine leaves mtusted distally, no action whatever 1n any leaf beneath the pomnt of application

Exeenuent X VI —Focal pot it close 1o the origia of the leaf beneath st and about thurteon nches from
the first one abore 1t —Action 1n all four leaves mtusted distally, action 1n the leat mmeditely beneath
the pomt of spplicatron

In & kenes of mneteen experiments of this nature, 1 which movements occutred esther 1w all the
Qistally stuated leaves or 1 a considerable number of them, sshon only occurred beneath tie poit of
apphostion 1 five wnstances, aod 1 all of these the pomnt of appheation was very close to the orgie of
the petiole of the leaf next beneath 1t and mavements were confined to the latter only

An has siready been pomnted out m Appendix E, the results followmg the local application of heat

to points 1n the course of an awus hry ding to the cond: of atmospb and telluno humidity
provailing at the time of expenment When, a3 m the case of the expeniments detarled above, humidity
19 moderate or low, the application 18 followed by very extensive 1 of

extepaing frequontly along the whole of the distal portion of the axis, but where this 13 1o longer the
case, propagation dimuiehes m extent and completeness, and where humidity attmns waximsl jropor
tions, 1t may be attended by an entire absence of any appreciable movements whatever

Exeemivent XVII—The powmts of & parw of strongly-heated forceps were applied to an axis Just
after & heavy fall of ramm Spreading centnifugal action occurred in all the distally  tuated leaves, but
the action was wncomplete, for, whilst the primary petioles became deeply depressed, the pmnm and
pinnules showed only very shight dieplacements

Exrernevt XVII —July 20th, 8 ax  Almospherse lemperature 805°F  Humdty 95 per cent
Heary rawn had fallen durng the course of the precious wght, rawm was still fallng gently ol th tise of
ezpeniment, and eccrytlang sar drenched with mouture —The tips of & strongly beated pair of forceps were
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applied to soveral axes, but in no instanee was the spplication followed by the ocowrrence of any
pred i i ipetally.

appreciable movements, either centrifugally or centiipe ) B

PP Expenmest XIX.—July 25th, 8 an.  Adimospheric temperature 78:5°F. Humidity 94 per cent. The

morning was cloudy; very heavy rain had fatlen shortly before and everything was very wet.~Searing o'f axes

was f<‘>llowed only by very slow, imperfect action confined fo the first leaf beyond the point of

application. . o
. Now were the effects which, under average conditions of humidity, follow the application of heat to

axes dependent on the propagation of stimulant fluctuations ifl pressure condtlot.ed along any closed
system of tubes containing lgquid such as Haberlandt’s « Reizleitende system,” it is elear. that, in plac.e
of diminishing and ultimately disappearing with increased humidity, they ought to increase as it
increases, They ought to increase with any conditions favouring increased turgidity throughout the
system, whereas in fact they follow & precisely opposite course. But such decrease and abolition of
movement is precisely what ought to cceur if the phenomenon of spreading centrifugal movement which
ocours under ordinary circumstances be the outcome of an obstructive gaseous interference with the
current of water ascending from the roots. Under ordinary conditions of atmospheric and telluric
humidity there is no accumulation of surplus water within the water-conducting rystem, and the stream
traversing the latter only suffices to maintain full turgescence of the tissnes in spite of continuous
transpiratory loss. Under such cirenmstances any obstruction to the eontinuity of the stream must at
once tend to disturb the pre-existent equilibrium between supply and loss of water in all distally situated
parts; and as the diwnal pos.tion of the leaves is dependent on maximal turgescence in the tissues of
the motor organs, any disturbance of this nature must inevitably tend to cause a departure from it.
But where conditions of atmospheric ond telluric Lumidity are maximal, root-supply becomes excessive
and tramspiratory loss is reduced to a minimum, and with this & surplus stock of water must
fend to accumulate within the water-conducting system. The latter no longer represents a simple
system of channels traversed by a stream of +water which escapes at the distal extremity in the
same bulk as it enters at the pioximal one, but o reservoir containing a large store of water from
which only a very,small quantity is constantly being withdrawn. The bulk of water contained within
the water-conducting system is greatly in excess of that which is eontinuously withdrawn from it to
maintain full furgescence under the conditions of minimal transpiratory loss, and consequently the
occurrence of o femporary obstruction of root-supply is of no consequenee in respect to the mainten-
ance'of tm:gescence. The diurnal position of the leaves is determined by the fact that certain masses
?f tissue in the m.otor organs are endowed with escessive assimilatory and osmotic properties under the
1nﬁ.ue-nce of solar stunul'atxon. But the application of hest to 2 point in an axis does not affect the
sssimilatory and osmotic pr?perties of the motor organs of the leaves in any way, and consequently,
50 1on.g a8 thfa.water-com.luetmg system contains a supply of water from which they can satisfy their
o»n.mtlc cz:pamtles, there is no reason why any fluctuations in their turgescence should atltend the appli-
;':glri:.mel\o(;‘zha store‘ of surplus 'fvater has fufeumu]ated “rlthin the water-conducting system under the

e previous and existent conditions of humidity, so that o temporary obstruction to the

nccess of any additionsl supply is of no importance whatever in rezard to the maiutenance of turges-

cence, and consequently no movements attend its establishment. The absence of movements in this

o o ln s oniions of ot i st e b0 eprion of Jeaes o ot
et e oo of exaesivo | ity. In oth cases alike there is an arrest of root-
:::Epig 5 ucoompn,nied ,by ihe oute amoe ac ment,. not only is tlfe arrest an absolute and permanent one,
unt of active loss of liguid from the cut end
zhoot; whereas' on the application of heat to the tisues of‘a mature axis mere te
i: ;:rott-ls‘:pfilielz g\eseixi.‘l In h?ghdcaSes alike the maintenance of the turgescence of the motor organs
e afy 1;3;,, f}:rc:zlm ;Or::ry bir?:: :f)cal t;:()l‘e (;f vater within the water-conducting system;
root-supply is incapable of inducin
z;;;yt go:x:elxlxlt:, :x;se run); po(;manent.on.e can give rise fo movements zuly after the gfug;%:z;imzu:j
o o eﬁeptpfouow o :r?;et ?p within the water-conducting system. In neither case does any imimne-
Conte offet 6 st of root-supply ; and where the arrest is only temporary and renewed
pply in eve expenditure of the store-water has occurred, no movements at all will ocear. Whete,

of the petiole or
mporary obstruction
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by

on the other band, the arrest 18 & permoncnt one, ts of a tlow, g charscter
will ultimately set m wm consequence of the graduel fall m turgescence nltand n« the expendutwe of
the surplus water

APPENDIX G,

EXPERIMENTS DEMONSTRATING THE PROPAGATION OF THT COVDITIONS GIVING RISE TO
MOVEMENTS THROUGH AREAS OF DEAD TISSUE DEVOID OF ANY LIVING PROTOPLASM oR
SYSTEM OF TURGID SIEVE TUBES

Exrermest 1 —An axis of Mimosa pudie was thoronghly seared at two distinet levels by means of
the applioation of the pomts of s strongly heated pumr of forceps The higher seored ares measursd
039" and the lower 03" 1n length, and subsequent mictoscopie exammation showed that m both the
tissues had been entirely Lilled throughout the eutre thickmess of the axvis  One leaf arose frum the
portion of the axis between the two seared aress, and seveinl others were smtnated below the lower
and above the upper ome  Af‘er the leaves had c mpletely recovered the mnormal dwmnal position,
an open flame was apphied to the tips of the termual pinnules of ome of the leaves beneath the
lower seared area of the aws, and umversal propagation of movements took place, all the lezves
on the ax1s, those beneath the lower seared ares, the ome between the two seared areas, and those
Leyond the upper ore alike showing ramd petiolar dejression and pnnular elevation

Exrerturne 1T ~-An ares 05 1 length m the axs of s small pot plant was thoroughly seared
wth beated forceps  On the following day the eesred area waa perfectly dend, dry and brown, but the
leaves, both below and sbove 1t, were in full, normal, diurnal portion  When flame was epplied to tho
tips of the terminal pinnules of a distal pinva on one of tle leaves beneath the seared sien complote
action oceurred 1o 1t, and propagation of movements presently followed througliout the entire course of
the sxis

Exrerrvest I —An sus was thoroughly seared ot two pownts i its courss  On the follawing
day all the leaves were in normal, dwrnal pomtion The epplieatin of flame to the tips of the
termimal pinoules of & distal pona of ome of the leaves bementh the lower seared area was followed by
motements extending over sll the leaves on the axis icluding one ansng between tie two seared
areas  The length of each of the seared nrens was sboit 045" a1d imcroscopieal exammnation showed
that the tissues hal been thoroughly kilied throughonut the entire thickness of the sus

Expemveat IV —A pet plant, conasting of a single axis beanng six leaves, was thoroughly seared
nod Eifled at two poifs, one mtuated between the second snd third leaves from the baso of the axis and
tle other between the thrd and fourth leaves After all the leaves had completely recovered the
normsl diurnal ;oqt:on the tips of a pair of heated forceps wore apphed to the buse of the axis aud
rapd f of presently occ urred 1n afl six feaves
Experinn~t V—A plant was treated m the eame way as that of the preceding expsnment After
completa Tecovery of the normal diurmal pomtion the apphieation of the pont of ieated foroeps to a
point near the base of the axis was followed by complete propagation of movements to all the leaves
along 1ifs course, benesth, betwern, and above the seared aress

Such experiments conclusively prove that the propagation of movements along the course of axes 13
neither dependent on any continuous tracts of hving protojlasm, wnor on the existence of any cuttinu~
ous eystem of turgid tibes along the course of which sudden fluctuations in jressare may be trans
mtted The thorough searug of the tissues of the ax1s ymples ot merely loesl death, but local absence
of turpdity in the tisues The seared areas, in place of eny longer bewng sites of active turgesce: ce,
are eites which afford abuoormal faclities for the escape of liqmd from the tissues, as 13 clearly ndicated
by the fact that, unless urder conditions of escessive atmospheric humid ty, the leaves which era eituated
distolly soon begm to rodreats the presence of mautficent water supply by them imespuuty to assume
the maximal diwrnal pestion The thorough searing of the tissues of the axis just as effectually
interrupts he continwty of the furgid system of sieve tubes us any local excision of the bust does; and
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yet it in no way affects the propagation of movements attending the establishment of sudden abnormal
drain on, or obstruction to, root-supply of water to the tissues. Haherlandt assumes that, in cases
in which propagation of movement continues in spite of an interruption in the continuity of the bast,
the conveysnee of the impulses moross the hintus is effected by the wood; so that, in cases in which
propagation traverses several seared areas in an axis, he must assume that the impulses follow a com-
plicated zigzag course alternately in the bast tubes and the wood. Even apart from the phenomenon
of the purely centrifugal propagetion of impulses in cases where heat is applied to points in the
course of mature axes, the fact that propagation oceurs readily, in spite of the presenco of repeated
interruptions in the continuity of the systom of turgid sieve-tubes, shows conclusively that the latter is
in no sense a speaific apparatus for the conduction of the conditions which give rise to the occurrence
of movements,

W.J.~Reg No 6466J(c)—320~26 4 95.
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PLATES

PLATE I

Portion of wfenor surface and margm of leaflet, showmg strong
ng d margmal frame

Under surface of leaflet, central portion

Upper sarface of leoflet, stained with vesuvin, showing porous
character of cells

Bupertor surface of leaflet , morning
Thtto ditto, after sundown
Ditto ditto, ditto
Dutto dutto , midmght
Ditto dutto, after exposure 1n a chamber containing

sulphurie acid and cbloroform
Saperior suiface of leaflet, mormog
utto ditto, after sundown

Position of & young, immobile Jeaf at an early stage of development,

natursl size

Pomtion of a somewhat more mature, smmobnle leaf , natursl mzs

Extremity of a growwg aus, showing postions of young
mmobile leaves

Prmery pulvin of leaves of vanous ages op enaxis, natural size

Vertical sections of primary pulvins of various ages, showing
gradua! development of supenor h natural size

Tertiary pulvinus of & young, rmmobile punule, longitudinal,
sertical section

Tertiary pulvinus of & wature, freely wolile pinnule, longs
tudinal, vertical sectan

Postion of a young leaf just before the omset of nychitropic move

ments

Becoodary pulvinue, vertisl section, showing the dispomhon of the

oppos ug masses of pulvinar parenchyma.

PLATE II

Cassta alafa  diurnal position of pimne  from a photograph
nocturnal position of pinnee , from & photograph
vertacal, transverse section of basal portion of secondary pulvinus, natural

Dutto,

Ditto,

Dutto,

Dutto,

eolours.

diagram of the hase of the outer half of & piona attached to its rachs

viewed from the under surface, showiug lamimar expans on
of puvipus

pulninus aud bese of the Jamina of a pona viewed from the under surface

Garo

with the keel of the mid nb and pulvinus removed , showing
the expaosion of pulvinar tissue over the base of the outer
helf of the lamina “ e

Carcorra Vor VI

x %

X X X X %

x %

310
160

310
310
310
160
160

310

€60
600
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DESCRIPTION OF

Fig. 6. DBauhinia corymbosa ; secondary pulvinus; transverse vertioal section of laminar expan-
1. .

Fig. 7.
Fig. 8.
Fig. 1.
Fig. 2.

Fig 3.
Fig. 4.

sion in the nocturnal position . . . . . C e e e e
Do ditto;  secondary pulvinus; tissue of under surface of pet}olur por?on .
Ditto ditto ; ditto ditto; tissue of upper surfaco of petiolar portion .

PLATE IIL

Cussia sumatrana ; extremity of growing axis; showing positions of the various parts
of the leaves ere nyctitropic movements begin to oceur.

Ditto ditto;  secondary pulvinus and base of lamina of a pinna viewed from the
under surface; showing the spiral disposition of the opposed
masses of pulvinar parenchyma . e e e e e e

Ditto ditto;  secondary pulvinus and base of lamina of a pinna viewed from the
under surface; showing spiral arrangement of the opposed
masses of pulvinar parenchyma . . S e e

Ditto ditto;  portion of a leaf; showing diurnal posilion of mature but still
nyctitropio pinnz, and the purely local effects of exposure to the
vapour of chloroform; twenty-four hours after the lower
portion of the rachis and the lower pair of pinnm had been
exposed to the action of the vapour of ehloroform and when the
lower pair of pinnz were dead and flacoid, and the upper pair
quite twgid and in normal diurnal position.

.

Fig. 5. Leucaena glauca; transverse vertical section of primary pulvinus showing the very

Fig. 6.
Fig. 7.
Fig. 8.
Fig. 9.
Fig. 10.
Fig. 1.
Fig. 2.
Fig. 3.
Fig. 4.

excentric position of the fibro-vascularasis . . , . .
Ditto  ditlo; ditto ditto ditto ditto .
Ditto  ditto; extremity of growing axis; showing the positions of the various
parts of leaves ere nyctitropic movements are present.
Ditto ditto; tramsverse vertical section of secondary pulvinus; showing circular
outline and relative strength of the fibro-vaseular axis . ..
Ditto ditto; transverse horizontal section of secondary pulvini of a distal pair
of pinnee.

Ditto  ditlo; pinnules beginning to assume the nocturnal position ; showing

pulvinar expansion over base of under surface of outer half of
lamina . .

.« . .

PLATE 1V.

Pithecolobium saman ; primary pulvinus, vertical transverse gection; from a very young

leaf ; showing excess of inferior parenchyma ..
primary pulvinus, vertical transverse section ; from a mature leaf;
showing excess of superior parenchyma e
seoondary pulvinus, vertical, longitudinal section; sho
oxcess in thickness and in chlorophyll content of the i
parenchyma

secondary pulvinus, vertical transverse section ; showing great
vertical compression of fibro-vascular axis

Ditto ditto;

Ditto ditto;

wing
nferior

Ditto ditto ;

x &0
% 400
x 400
x 10
x 10
x 25
x 10
x 10
x 10
x 10
x 10
x 20

X 25
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Fig 5 Pithocolobhum saman, secondary pulvint aod rachus, vertieal transverss section, showing
the relation of the inmer mde of the imferor masees of
parenchyma to the bevelled surfaces of therache. . . . . x 10

Fig 6 Ditto dhitto, secondary pulvinus; a, tissus of infencr, 8, of supemor pmn-
chyma . . . . . x 50
g 7 Digie didto, fertiary pulvinus, Vemcnl transvaxse sechon of dmtn.[ ponlon,
showing excess of chlorophyll mn supenor parenchywma of o
thick, opaque section . . P x 25
Fig 8 Dutto dfto, terhary pulvinus, vertieal trausveua section of basal por’cmn,
showing excess of chlorophyll 1n supenior parenchyma of a
thin fransparent section . x 50
g 9 Dulto didts, terbary pulvinus, g, tissue of mpennr, b, of mferor parens
chyma . . . .. . % 520
PLATE V
Fig 1 Aumoss pudia, pionules n full nocturnsl position, showing origin of pulnm from
bovelled surfaces of rachis . .. * 10
Tig 2 Duto dutio, pinnules m full drnal postion, viewed from above . . P x 10
Fig 8 Duto dito, tases of two paws of pionules tn diurnal position , showing overlap-
Ping of successive pairs
Fig 4 Ditto dtto, pimulesin full dunal position, miewed from beneath
Iig 5 Inita dibio, diegram of omgs of ponular pulvint from the bevelled surfaces
of the rachis, o that the inferior mass of parenchyma makes for
convergence and elevation, and the supenor one for divergence and
depression of the lamine
Fig 6 Ditto ditfe, diagram showing the full nooturnal posiion of the pmnm and
pinnules
Fig 7 Ditto dito, longitudinal, vertieal section of a portion of an axis; a, portion
seared by means of heated foreeps, &, pormal portion . % a5
Tig 8 Ditfo ditto, transverse section of mature axs; showng umform density of fissie
throughout its entire th chness . . . . X 50
Fig 9 Dutto dito, stomats of imferior epidermus of a pronule - . x 160
Fig 10 Detto  ditlo, stomata of supenor epidercss of a pinnnle - . . x 160
Fig 11 Duato  ditlo, vettical geetion of lamina, showing very open tissue x 150

Fig 12, Ditte  dutlo, disgram showing the divergence of the pinnm in a leaf, bIne lmbs_
position of full expension, 1ed lmes=position after seanng the tips
of distal provules had led to complete pnular assumption of the
waximal nocturnal postion and deepest depression of the prmary
petiole , black lines=normal position of pinusm 1 maxme) nocturnal
position, ilustrating the minor “irntalihty” of the secondary
pulviny,
Fig. 13 Dute dilo, diegram illustratiog the divergencs of the jianm of & leaf; red hines
=pomtion balf an hour after separation of the leaf from the exis
spd maximal sction of the pinnules, blue Lmes=positien after
balf sn hour's exposurs o hot, dry wr.
Fig 14 Ditfo dute, permanent postion of the pumory petiwole i & very young leaf
10 whuch nyetitropi movements bad not yet appeared x &
Fig 16 Difte dtio, prumory petwle, verhieal, transverse section, showing lstge intercel-
lularchanmels . . . . . . . P . oo x2WL0Z
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DESCRIPTION OF PLATES.
PLATE VL

Fig. 1. Mimosa pudica. Primary pulvinus; longitudinal vertical section. Treated with 2°/,

Fig. 2.
Fig. 8.

Fig. &.

Fig. 10.
Fig. 11.

Fig. 1.

Fig.
g,
Fig.
Fig.
g,

Fig.
Tig.
Fig.

g, 10,

o o oW

(RN

solution of osmio acid, so 8s to demonstrate the thickness of the
superficial and deep strata of parenchyma in the superior and
fnferiorpads . . . e e e e e e e e e e o 0 L
Ditts  ditto. Primary pulvinus; transverse verticol section gimilarly treated . . .
Ditto  ditlo, Ditto vertieal section of deeper stratum of parenchyma
treated with vesuvin . . « o e e e e e e .
Ditto  ditto. Primary pulvinus; horizontal section of deeper stratum of paren-
chyma treated with vesuvin . . . . . . . . . .-
Ditio  ditte.  a, Secoudery pulvinus, b, primary pulvinus; vertical, transverse sections
Indto  ditte. Primary pulvinus; vertical, longitudinal section ; stained with picro-

CATMINE . . . . b e e e e e e s
Dito  ditto. Secondary pulvini of terminal pinnwm; horizontal, longztudmal section .
Ditto  ditto. Ditto ditto; ditto, ditto .
Ditto  ditto. Becondary pulvinus; seotion of base of outer side; showing bracket .
Ditto  ditto, Ditto; section of base of innerside . . . . .
Ditto  ditto. Ditto s sections of base, g, inner, b, outer side

Dito  ditte. Primary pulvinus; pitted cells of deeper stratum of parenchyma .
Ditto  ditto. 'Tertiary pulvinus; vetical transverse section treated with piero-

COTIMING « v 4 4 s e s e s e e e e e e
Dutto  ditto. Tertinry pulvinus; tissue of inferior parenchyma . . . . . . .
Ditto  ditto. Ditto cell from inferior parenchyma © e e e
Ditto  drits. Dutto ; tissue of superior parenchyma .
Duito  ditto. Ditto; cell from superior parenchyma . e e
PLATE VIL

Apparatus demonstrating the action of the application of heat {0 localised areas in the

course of mature oxes of Mimosa pudica as a cause of centrifugally propagated
movementsouly . . . . . . . L . . v 0 0 s e e e

Pulvinar parenchyma of Cassia sumatrana . . .
Ditto ditto  of Pithecolobuum saman . . .
Ditto ditte  of Leucaena glanca .

Ditto ditto  of Mimosa pudica o e e . .

Vertical section of secondary pulvinus of Cussiz alate ; showmg Inmxnar expansion of

parenchyma over the base ot the outer half of the pinna

Pithecolobfum saman ; nocturnal position of pinnm and pinnules in a young leaf .

Dilte ditfo; cells from secondary pulvinus . .
Poriion of one of the lnticiferous tubes of Euphorbia antiguorum ; showing the nuole-
ated protoplastic lining . e v e e e e
Epidermis of Euphorba antiguorum: showing s‘omatio orxﬁces through which latex
exudes when the tissue is exposed to the influence of the vapour of chloroform .

L S S

kS
LI L )

X X

X X X X X X X

X X X X X

X X ® X

20
20

400

400
10

10
25
10
150
150
22
830

120
400
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400
830

310
160
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110
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ERRATUM

Page 74, Lue 2 For “whereas, &¢,” read where, av 1o the secondary pulvim of Pithscolobium saman, 1t
iakes the form of » flattened band, the superor snd mferior massex exceed it in vertical dismeter, and the letersl
opes fall short of 1t 1 horzontal dumeter,
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petiole in Mimosa pudica . . . . 81,80
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position of nyctitropic leaves . 49,55
» Inte develepment of the, making for the
dmrxml position . . . . . . 49
, dead, an abnormal drqm on water-supply . 120
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A NEW AND PARASITIC SPECIES

oF

CHOANEPHORA.

BY
D D CUNNINGHAM, M B, FRS, CLE

Ix the early part of September 1894 my attention was directed, by & gentleman,
resident 1 Calentta, to the presence of s destructive bhght affecting plants of Jpomea
rubro cerulea, Hook m his garden Entire leaves or large portions of leaves and axes
suddenly acqured n pale colour and presently wilted and died off, so that, dunng the
period waen the blight was at its maximum, the growth of the plants was practically
brought to a standsull, the newly developed leaves and shoots not dong more than
replacing the older ones which were constantly bewg killed off lhe extenxlon of the
bhght was greatly infl d by the character of the ph \
at the time  During periods of continuous cloud and raim with maximal atmoxphenc
humidity 1t pread with great rapidity, winlst at times when sunshine prevailed and
the awr was relatively dry its progress was very much slower It continued to show
atself more or less conspicucusly according to the state of the weather, durng the whole
course of September and October, and then dwsappeared with the onset of cool and dry
weather 1n November I was at first 1cled to suppose that 13 was connected with the
presence of one of the vamous species of Sclerotima, or other closely alled fungs,
which occur so abundently as bhghts dunng the latter part of the rany season, but
even very cursory examination was sufficient to rhow that this was mot the case

On exammnmng the affected parts before they had become dry and brown, the
surfaces could be seen to be clothed with less, erect fil with brown
dilated extremities (Plaste VIEI, Fig 1), and these undex- the microscope revealed
themselves as fructifying filaments emerging from the stomatc onfices nnd beanng
numerous brown comdia on capitula closely bling those of Ck A
tana, Currey (Plate VIII, kug 2, Plate IX, Fig 25) Both filaments and capltu]a were,
however, smaller than normal in that species, and the masses of comdia were of a pure
vandyke brown colour and had not the purphsh tint charactenstic of those proper to 1t
(Plate VIII, Figs 2, 22, Plate IX, Fig 25)

At thia stage no mycelum whatever 13 present on the surface of the affected tissues,
but at a later period and when numerous comdia have already fallen, the germunal
tubes, wluch xapxdly emergo from these under favoursble circumstances, may be present
m The characters of the mycelum which 13 present withm the
tissues of the host plant are essentially of a muconne type The most sa‘isfactory demon
stration of this 13 ob d 1 vertical ) dinal sections throngh the thickness of axes,
as the course of individual filaments can be more readily traced in these than in

Ans Roy Bor Gamp Carcvima Vor. VI
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sections of the laminar tissues. In such scctions the \vhulc.(lepth of the green
hypodermal tissue is seen to bo permeated by onormous myceh.al tubes (Plate VIII,
Figs. 12—17). The larger of thesec run moro or less parallel with the length of the
axis and are crowded with vacuolato, coarsely granular, colourless or palo ochreous
protoplasm exhibiting very active strenming movements. The largest tubes give off
numerous somewhat finer branches which are provided with flattened haustorial
processes closoly applied to the outer surfaces of neighbouring 'cells (Plate  VIII,
Figs. 126, 14, 16, 17). Here und there hranches pass off obliquely towards the
epidermis, and, when they reach substomatic spacos, dilate and completely fill these.
One or sometimes two processes are given off from this swelling and force their way
out through the stomatic orifice to form s:condary dilatations beyond it, and from these
the fertile filaments are in their turn given off (Plate VIII, TFigs. 124, 13). The"
filaments become somewhat dilated terminally so as to form a capitulum, and from this a
number of conidiiferous capitelln corresponding to those of Ufmancpliara Cunninghamiana are
given off. In detail, however, the characters of the capitella are very distinet in the two
species. When mature the capitollu of the species here dealt with are abruptly truncate
and resemble the conidiiferous cells of Batrytis cincrea Pers., rather than the rounded capi-
tella of Choancphora Cunninghamiana. Moreover, when the conidia become detached the
capitella never form the beautiful funnels from which the genus dorives its name, which
is no doubt owing to the original difference in their form and to the abscnce of any’
appreciable differences in the thickness of the walls over their latersl and’ terminal sur-
faces. The number of capitella present in different instances varies considerably, but in
many cases may amount to ten or more. The truncate extremity becomes covered with
short sterigmata each of which gives origin to a conidium. The conidia when mature
are very deciduous and fall off much more readily than those of Choanephora Ounning-
hamiana do, this being partially, no doubt, owing to the absence of funuels. In artificial
cultures in nutritive infusions the conidial frucrificution comparatively rarely makes its
appearance, and when it does occur is feebly developed. The capitula are swall and the
capitella few in number, or they may both be completely suppressed and the sterigmata’
arise directly from the stem in more or less peronospuroid fashion (Plate IX, Fig, 10).

The conidia when mature have average dimensiens of 0:015x0:008 m,m. They are’
fusiform in outline and are provided with a finely longitudinally striate epispore, differ-
ing thus both in form and structure from the conidia of Choancplora Cunninghamiana
(Plate IX, Iigs. 1, 17, 18). This conidial fructification is the only one which I have ever
met with on the plant as a parasite on Ipomza rubro-cerulea, but probubly zygospores
may be produced within the tissues when externul conditions cease to favour the pro-
duction of conidia. Under favourable conditions, however, during its parasitic existence
the mycelium produces eonidiul fructification ulone and in enormous 'profusion; ‘that is
to say, it only produces that form of fructification which is associated with excessive
nutrition and vegetative growth. Both in regard to this species and to Choanephora
Cunninghamiana the result of artificial cultures appears conclusively to show that nutri-
tior.xal conditions are the main factors determining the particalar form which the fructifi-
cation shall assume in'individual instances, Where very dbundant nutritive supply is
present purelyt vegetalive .gr.owtp occurs; short of this conidial fructification . e
appearance; with greater diminution of supply the sporangial and zygosporic fructifications

tend to appear; and, finally, in the preseuce of minimal nutrition chlamydospores aione
are produced.

X
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Tho species 13 certanly capable of paramtic exmsterce on other hosts than Ipomes
rubro-cgrulea  The comdia or sporangial spores when sown on the petals of the common
Zinmia elegans and kept 1 a moist atmosphere germinate frecly, giving orgin to germinal
tubes which penetrato the tissues and very rapidly causo their death, produeing a erop of
fruetsf wimch, although not so as that occurning on Jpomea rubro cerules,
19 still of comdial type In this it differs from Choanephora Cunminghamtana the comdin
or spores of which when sown on Zinni flowers fail to give nse to any bhighting of
tho latter  As I have more than once observed Zinnis affected by what on casual 1
spechion I took to be Choanephors Cunmnghamana, there can be little question that these
flowers occasonally play the part of natural hosts to the other species

Tho diffusion of the blight in Jpomea rubro cerulea secms to be mamly determined
by direct contact with previously affected tisues, blighted portions of axzes serving as
sources of mfection of adjoning heslthy ones, .and the adhesion of blighted and wilted
leaves to healthy ones or to healthy axes bemng followed by the appearance of the drease
n the latter

In artifcial eultivations  whether 1n infusions of Ipomwa rub o cerules or of the
flowers of Ihbucux rosa simenss, the comdul fruehification 13 ordinanly entrely sup
pressed, and, when 1t dies make 1ts appearance 1 connection with greatly concentra ed
media, 1t 15 only feebly developed Very few heads of normal type are developed, and
these at utmost bear a very himited number of capitella  In most instances the comdia
anse directly from the prmery copitulum, or even this 19 supprewed, and they arie
sunply from the undilated tip of the stem, or at short intervals from ono another mn 1ts
neighbourhood, so that the fructification comes to present an almost peronosponc
character (Plate I\, Fig 10) In certam cases only o smgle termmal comdium may
be present (Plate I\, Fig 10}

When cultivated m nfusions of the leaves of Ipomma rubro cerulea or of the
flowers of H'bucua rosa snensis of moderate strength, or on boiled petals of the latter
plant, sf g 15 ped 1n great abund etther alone or assocrated
with varymg numbers of zsgospores, and 1t s only i extremely concenfrated infusions,
specally of Iiuscus, that comdial fractification also begins to make 1ts appearance
m assoctation with the sporangic one The abund of sporang) daced 1 cults
vations 1n media of average quality 13 excessive Under normal clrcumstances they
are produced i far greater numbers and attain & much grester size than those aof
Choangphora Cunminghamana ever are or do (Plate VIII, Figs 8, 20, Plate IX, Fig
15) At an early stage of dovelopment they sre of an amber colour owing to the tint of
the sporangic membrane, but on rpemng they become first brown and ulnmately almost
black owing to the dense mccumulation of the brown spores which are formed within
them (Plate VII, Figs 3,20) ‘be stem 1s ordnanly abruptly flexed immediately
beneath the ongmn of the sporai gium, so that the latter looks more or less downwards
On maturing, the sporangia dehisce valvular fashion allowmg tle spores to escape,
whilst tie two halves of the membrane reman attacted to the tip of the stem on
either side of the large ¢ lumella (Plate VIII, Fig 19 The sporangic membrane 1s
ordinanly finely tubcreulate

Tle spores are very peculiar Like the comdin they are fusiform m outhne and
provided with & finely stnate brown epispore (Plate IX, Fig 2) They bave average
dimensions of 00168X00089 mm, and aro therefore relativelv somewhat narrower
than the condia, and the brown tint of the eptspote 13 as o rule somewlat deeper than

Javeloned
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st ic in tho Inttor. They are at once definitely distinguishuble from the conidia, and
2% s b tho In OT. Y Cunninghamianas (Plate 1X, Figs. 13, 14,
from the sporangic spores of the Olzoarfeplu.)ra unning e ’mv;ded e
20) owing to the fact that one or ordinarily both of. thc{ extromities is pro dod mith »
bundle of fine, long, radiant, colourless processes, wlnc.:h in some cases ‘ot:glzx  from @
colourless protrusion and in others appear to cmergo :hroc.tly from a ?om Tz;. w ntc 1 :
epispore is nbsent (Plate VILI, Fig. 19, Plate L\,.Fxgs. 2, 4, a) . 1eydsron°y
resemble the rudimentary myecelial processos of cortain of the Rhizidiex and seem to
have a myecelial function as is indicated by the fac.ts that the spores appenr m.vnrm}?l?r
to undergo o very considerable inerease in si-zo w1thf)ut corresponding vucu.olutxon, like
that occurring both in the caso of the conidia and in that of' the sporangic spores of
Choancphora Cunninghamiana, previous to the emergenco of germn'ml tubesz,.zmd also that,
in cases where they are cultivated under conditions of. defcctwe.nutntxo?, o chlamy-
dospore is not unfrequently doveloped as a dircct oxtension of th? intrasporic protoplasm
(Plate IX, Fig. 5% When the lattor is the csso the pnm]lelu.sm of the sgpores to
Rhizidieal organisms becomes very striking indeed, b.ccuusc? s ml.l .prescntly be s:hown,
the chlamydospores on germinating in most cases give dircet origin to sporangiferous
filaments. o ) .

The epispore of the spores and that of the conidia, in cases in which the latter
undergo any considerable increase in bulk ere germinating, is ruptured ere the emergence
of & germinal tube, & phenomenon which does not attend the germination of either the
conidia or spores of Choanepliora Cunninghamians (Plate 1X, Figs. 18, 20). Tho rupture
does not, however, follow the same course in the two cuses. In that of the spores it
takes the form of irregular fissuring, whilst in the case of the conidia the epispore is
broken up into & number of distinet fragments (Plate IX, Figs. 8, 4). The occurrence
of rupture of the epispore of the sporangic spores clearly shows that the occurrence
of such & phenomenon in the case of conidia is no just ground for regarding the latter as
parallels of unisporic sporangin; for, if the conidin are to be regarded as such on this
ground, then in o case like the present the sporangic spores must be regarded in the
same light, and this leaves the presence of the mother-sporangium unaccounted for,
Even where conidiiferous filaments produce a single conidium only and the sporangia
become unisporie, 28 is not unfrequently the case under the influence of dofective nutri-
tion, the difference between the two forms of fructification remains as sharply defined as
ever (Plate IX, Figs. 10, 11).

On germinating the conidia give origin to one, or some times two, germinal tubes,
which emerge appurently indifferently from any point of the surface. The spores, on the
other hand, have never more than one tube, and this invariably originates laterally so
us to leave the sites of origin of the radiant processes intact (Plate IX, Figs, 3, 4).
When the medium furnishes sufficient nutritive supply, the germinal tubes of both sporan-
gial spores and conidia alike rapidly lengthen, ramify, and give origin to a characteristic,

aseptate mucorine mycelium. In cultivations in artificial media the mycelial filaments,
although of cousiderable magnitude, and as a rule larger than those of Choanephora
Cunninghamionn (Plate VIII, Fig. 18; Plate IX, Fig.

: 14), never attain thé colossal
proportions which many of them do when the plant occurs

in artificial cultivations presently gives origin to an abunda

' : nt crop of sporangiferous fila-
ments, which appesr first av the margins of the medium and afterwards, as the nutritive

properties of the latter diminish, over its ecntire surface, In cases where the medium
is highly concentrated @ certain number of conidiiforous filaments are associated with

parasitically. The mycelium
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the sporangiferons ones, and m any everage ciluvation zygospores are lable to make
thewr apy m varying b There 1s nothing to 1ndicato what 13 the essential
d t of the app of zygospore fi for, 1n two cultivations conduct
od sde by side i portions of one and the same spectmen of a medium, zygospores may
be entirely abeent n one and almost entirely replace sporangia n the other When the
medmm 18 & very dilute one chlamydospores alone are produced (Plat> VII, kg 21)
The p ding the g n of the chlamydosp differs 1 daffe
instances  In a certain number of cases they give origin to a mycelum hke that onginat
ang from the spores and comdra, but m many nstances no mycelum 1s formed and the
germnal tube elongates directly into a sporanarferous flument (Plate I, Figs 7 9)
When the nutritive medium 13 not excessively paor, tws or more chlamydospores may be
formed 1n the course of indindual mycehul filaments but, when the nutrnuve properties
of the medum full very low, ench comdium or spore ouly gives ongin to a sngle
chlamydospore, and thia in many cases 13 directly continuous with the parent body anl
forms a sunple extension of the latter (Plate IX, Figs 5, 6)

The zygosp vary derably 1n 1 detuils even within one and the same
culture In certam cases they are quite typically zygospone, the two conjugating tubes
which contribute to thew formation bemng of equal value, shke in mze and general ap-
pearance \Plate VIII, Figs 4, 5,8),1n others one of the conjugating elements 13 much
larger than the other, the difference between them 1n certain cases becoming so ex-
cesstve that 1n tms respect the process comes to be rather of an oosponc than a 2y
sosporie type (Plate VIII, Figs 6, 7, 9, 10), anim = few cases the spore appears o be
of a truly azygosporic character and the product of a sigle mycelal process only (Plate
VIII, Fig 11). In some 1nstances the comjugating processes take orgin from the
same mycelial flament, xu others from distinet ones, and whilst 10 some cases they are
unaccompamed by sny other peculiar processes, i others they aro nssociated with vary
mg numbers of short, often twisted processes (Plate VIII, Figs 9, &), although theso
never are present 1 such numbers a3 to give mso to the formation of the complicated
sclerotind messes of tsue which are accasiomally associated with tha zyiospores of
Choanephora Cunminghamana  Another puint of difference m the zygipores 1 the pre
sent as compated with the latter species 19 that the oosporie separation of the contents
from the wall of the spore and theu- subsequent investment with 2 special membrano

which 18 so t 1n Choane Cu k (Plate IX, Figs 21, 22) never
appears {0 occur here

The colour of the ts of the con vanes from different
shades of yellow to strong reddish, and not unfrequeutly, at a hme when the contents
of one process have already been pl tod lly and sep d by

the formation of & partition, those of the oﬂler are present throughout 1ts entire course
and continuous with those of the parent mycehal fillament (Plato VIII, Fiz 7) The
mature zygospores are of a deep brown or almost black colour and have average diameters
of 0007 mm They rarely contain any masave accumulation of al in the form of
s large globule, but, where such a body 18 present, 1t can be readily determined that
the epispore, like that of the sporangial spares and comdis, 13 finely strmate (Plato
VI, Fig 9)

The ger t of the zygosp has not yet been observed, but, judging from
the fact that the chlamydospores give dwect ongin to sporangic fructificatt n wiilst
those of Choanephors Cunmngramina produce a comdial one, 1t sppears probable that
they are the source of sporangia also
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A special interest appears to aftach to this sp.ecies o.f Choanep}]?m bot.h because
of its capacity for parasitic existence and because it ‘conf:rlbutes addltm.nal emd?nce t.hat
the genus to which it belungs is of a singulary generahs.ed type showing special points
of affinity to many other phycomycete aud higher fungi. .

Parasitism has, of course, long been recognised as ogcwrring among zygomycete
fungi in the genera Piptocephalis, Syncephalis and Chewtocladium, but this would appear
to be the first instance in which the occurrence of a zygomycete as a true })arasxte ina
phanerogamic hosi has been recorded. It is somewhat difficult fo d'etef’mme whether
the parasitism or the saprophytism should be rvegarded as .“facultatxve.. If we are
to accept De Bary's view that the prodaction of zygospores in one medium rather than
another is the true criterion,® then the parasiism is “facultative,” as zygospores cer-
tainly appear to be more readily produced in artificial media than in ’o‘he, tissues of
the host plant. But it appewrs to be sumewhat questionable whether this be a true
criterion. Qospores and zygospores when produced by parasitic comycete and zygomy:
cete organisms are in many cases not produced until after the death of the host has
been induced by the parasitism, which would appear to indicate that thelr production
does not correspond with the pre-ence of maximal nutritional facilities, but is rather
indicstive of a fall in these and in the activity of vegetative growth, Similarly, in the
case of the purely saprophytic Chosnephora Cunninghamiana zygospores are never produc-
ed until comparatively late in the duration of any culture and at a period when the
nutritive properties of the medium have been in great part expended in proviaing for
abundant mycelium and conidiiferous fructification. In so far as the Choanephoras ure
concerned, the true criterion of the presence of conditions favouring excessive nutritional
activity and vigorous growth is the exrent fo which conidial fructification is produced.
Choanephora Cunninghamiana in its normal site on the flowers of Hibiscus rosa-sinensis
primarily produces nothing but excessive mycelial growth and conidiiferous fructifica-
tion, It is ouly when the tissues of the flower have been greatly decompused that
zygospores make their appearance, and they also frequently occur abundantly in
association with an impoverished conidial fructification in artificial cultivations in infusions
of Hibiscus petals. When myecelial growtn iy very active and vigerous the conidiiferous
fructification reaches its maximal development, and it is only when the conditions
providing for maximal mycelial growth and fully developed conidiiferons fructification
are absent thab zygosporic fructification begins to appear. Turning to the second
species of Choanephora, no one who has ever seen the enormous development which
the mycelial system attains within the tissues of Zpomema rubro-cerules as compared
with that which it presents in infusions of the hust-plant or of Hibiscus petals can
entertain any doubt that the nutritional facilities provided by the artificial media are
vastly inferior to those provided by the living tissues of the host-plant. But zygospores
appear rarely or mever to occur in the tissues of the host-plant when conditions are
most favourable fo mycelial extension and enormous production of conidiiferous fruc-
fiﬁca‘tion, whilst they occur in extreme abundance in many artificial cultivations, and
in these are associated, nob with the conidiiferous, but with the sporangic form of
fructification, which in the case of Choanephora Cunninghamiana can be unequivocally

demonstrated to be one which is associated, not with an excess but a defect of

nutriti.onal activity, being in fact the form of fructification which only appears with

defective supply of nautritive materials and goes on showing itself until the defect
* ¥urgleichende Morphologie und Biolegie der Dilze, Leipzig, 1484, 8, 414,
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becomes so great that chlamydosp alone are produced I, then, we take genersl

nutritional acuwity rather than the product of sexual f t as the true
the Ct phora described 1n the present case ought to be regarded as a

parasite endowed with “facultative” saprophytism, whilst 1f Dr Bary’s standard be

retamned 1t must be regarded as a saprophyte endowed with ¢ facultative” p

The phenomena appear to mdicate that we have to deal with a transitionary stage

hetween the pure saprophytsm of the other spectes of Ch pl and pure p

but one 1 which adaptation to parasitic existence has advanced so far that nutritronal
facilities are present 1n greater degres 1 the latter than when the plant occurs as o
saprophyte

In this ad to p £ on ph: the plant shows closer affimties to
certan of the Qomycetes, such as Peronospors, than 1t does to any Zygomycete fung:
In the one opecies of Choanephora we have to deal with a purely saprophytic orgamsm
retaimng characters of more prmitive type then thuse which are present where any
special adaptation to paramtic existenco has amsen, whilst m the other parastism
makes 1ts appearance, not yet of such highly specialised type as to 1mply adaptation to
ome particular host, but yet so far evolved that growth attans 1is masimum 1n assocratron
with 1t In this respect the geuus presents very generahsed characters and forms a
cunnectug link between the parasitic and saprophyuc Phycomycetes Buat it does
more than ths, as 1t presents a curiously lurge series of affimities to distinct groups, both
of the ligher and lower fung genewally In Ch anepho @ Cunmnghamuana the normal type
of fructification 1s certainly comdial, for courdwal fructification oeccurs alome under
conditions of high nutmion, and 19 the form which 13 directly derived from the
chilamydosprres, whilst sporangic fructification only occurs 1 assomation with very defec
tive nutrition anl 18 of a more or less abortive type But wmn the other species comdial
fructification only ocews under conditions of excessty nutrition, and then does not attan
such o lngh degree of evolution 23 1t does 1n 1ts ally, whulst the sporangic fructification
15 developed under most cireumstances, attamns a high degree of evolation, and 13 that
which origmates direct from the chlamydispores  lhe former species has thus & speual
1elation to the comdnferous series of higher fungi which cul 1 the Basidiomycetes,
and the latter to the sp gaf series cul g 1 the Ascomycetes Special afhni
ties to various groups of PI\) comycetes are also indiated by the phanerogatme parasitism,
the 1 Per t and the Rhzidizoid character of the sporangial
spores of the species here specially dealt with, and by the markedly oomyceto charactcrs
which the sexual fructification of both species i many cases mamfests The genus m
fact 1 a sense ppears to form a sort of centre from which varous groups of both the
higher and lower fungi radiate, and seems, therefore, to be worthy of very specaal
attention  In so far as its sexual fructification 13 comcerned 1t 16 less specialised than
the Oomycetes, and 1 respect to its comduferous and sporangial fruchfications less
specialised than the two great groups of higher fung: bave become, and it, therefore,
eems to have m 8 sense retmned at cestral characters 1 remarkably hish degree

eph Simsony, C h nsp Comdia and spores fusiform, with a brown

longnudmully striate epispore, spores provided with rahant terminal processes

Parasitic on Jpomea rubro ceriles Mook, and Zwmma elegans, saprophyiic i varous
veg stable 1ofusions, &e
Caleutta







Plate VIII, Fig
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DESCRIPTION OF PLATES.

Portwon of an axw of Ipomen rubro-cerules, Hook covered with
filaments of CJ 8 msoms and with a portion
of » leaf which sorved aa the source of infection adherent to it

Comd; flaments of O/ hora Sinsons emergiog from the
surface oi an axis of Ipomaa rubro carulea

of Ch hora Sumsoms from a culture m
“infasion of potals of Hibisens rosa nnensis

Zygospores of Choanephora Sumsams 2t an early stage of development

Zygospore of Choanephora Simsom with two twisted processes aneing
at the mte of ongn of the sporogemic ones

Zygospore of Choanephora 8msont ot an early staga of development,
showing the very umequsl magmitude of the sporogenic processes
which have not yet conjugated

Zygospore of Choanephora Simsens, showing one of the conjugatng
processes already completely emptied whilst the other 1 stil
erowded with ochreous contenta

Zygospors of Choanephora Simsom, showing numerous barren processes
associated with the sporogemio ones

Zygospore of CVoanephora Simswns, contamng a large globuls of ol
and showing the stmate character of the epipare

Zygospore of Choancphora Simsont, showing meximal difference 1
sizes of the conjugating elements

Agygospors of Cheanephora S mson:

Mycehum of Choanephiors Simsons 1 the hypodermal tissue of an
axis of Tpomea rubro carules, and the lower portion of a comdi
ferous filament emergent i rough a stomatio orifice

Portion of mycelium and base of a comduferous filament of Choane-
phora Sumsom

Portion of a mycelial fitament 1 the hypodermal tissue of an axis

of Ipomea rubro carulea )
Ditto ditto dutto dtto
Ditto ditto dtto d tfo
Ditto dtte ditte ditto

Portion of & mycehal flament from o culture of Choanephora S msons
1 nfumon of the petals of Hibiscus rosa stnenns

Ruptured sporanginm of Choanephora Sumsom, shawing characters of
sporangio membrane, eolumella and spor s

Sporangia of Choanegh ra 8 usomi

Chlamydospores developed 1n & very dilute mfuucn of the petals of
Hibuscus rosa snentss

Summit of & comduferous flament witn con rlm shill adherent

Bummit of & comdnferous filament, showing form of the captella

Comdia of Choanephora 8 msons N .
Sporangial spores or Choar epl era 8inso v . .
Germmating conrdia, showing ruptured ersspare - .

Germinating sporangnl spores, showing raptured epispare o .
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Plate IX, Tig.
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EPORABZIUM . . v b v e e e s e e e e s s e s
Forms of couidiiferous fruetification of Choancphora Simsoni from
artificinl cultures in infusions of petals of Ifibiscus rosa-sinensis .
Minute sporangin containing ono or two spores only . . . . . .
Sporangium of Choancphora Cunminghamians . . . . . . . . .
Ditto ditro ditlo e e e e e e e
Myoclium of Cheancplora Canniughamiana from an artificial oulture.
Sporangia of Choancphora Cunninghamiana . . , . . .
Germination of sporanginl spores of Cheanephora Cunninghamiana . .
Qonidia of Choancphora Cunninghamiana from o culture in infusion
of tho potals of Hibiscus rosa-sinensis . e e e e e e
Conidia of Choancphora Cunninghamiana from o mnatural growth on
ibiscus flowers . .
Sporangial sporos of C'/mancphora Cunnuwlmmmm e e e e
Gorminating conidis of Choansphora Cunninghamians . .
Zygospore of Choanephora Canninghamiana . e e e e .
Ditto ditto ditto - .
Ditto ditto ditfo, showing one conjugating
cloment entirely empty whilst thoe other is still full . . . . .
Conidia of Choanephora Cunninghamiana from an artificial oultore
Oonidiiferous fructification of Choancplhora Curninghamiana in a
natural growth on o flower of Hibiscus rosa-sincnsis
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