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INSECTIVOKOUS PLANTS.

CHAPTEE |I.

DROSERA BOTLXDIFOLIA, OU THE COMMON SUN-DEW.

Number of insects captured—Description of the leaves and their
appendages or tentacles— Preliminary sketch of the action of the
various parts, and of tho manner in which insects are captured—
Duration of the inilcction of the tentacles— Nature of the secre-
tion—Manner in which insects are carried to the centre of tho
leaf— Evidcngo that the glands have the power of absorptién —

Small size of the roots.

DURING the summer of 1860,1 was surprised by find-
ing how large a number of insects were caught by the
|oaves of the common sun-dew (Droserarotundifolia) on

a heath in Sussex.

| had heard that insects were thus

caught, but knew nothing further on the subject* |

* As Dr. Nitschke has given

! Bot. Ztdtung,' 18ti0, p. 229) the
ibliography of Drosera, | need
jot hero go into details. Most of
the notices published before 1860
are brief and unimportant. The
oldest paper seems to have been
one of the most valuable, namely,
by Dr. Roth, in 1782. There is
also an interesting though short
account of the habits of Drosera by
Dr. Milde, in the 'Bot. Zeitung,'
1852,p. 540. In1855,inthe* An-
nales desSc. nat. bot." torn. iii. pp.
297 and 804, MM. Greenland and
Trecul each published papers, with
t spires, on the structure of tho

leaves; but M. Trécul went HO
far as to doubt whether they pos-
sessed any power of movement.
Dr. Nitschke'spapersin the* Bot.
Zeitung® for 1800 and 1S81 are
by far the most important ones
which have been published, both
on tho habits and structure of
this plant; and | shall frequently
have occason to quote from
them. His discussions on several
points, for instance on the trans-
mission of an excitement from onu
part of the leaf to another, are
excellent. On Dec. 11,1862, Mr.
J. Scott read a paper before the
Botanical Society of Edinburgh,

B
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gathered by chance a dozen plants, bearing fifty-six
fully expanded leaves, and on thirty-one of these dead
insects or remnants of them adhered; and, no doubt,
many more would have been caught afterwards by these
gime leaves, and still more by those as yet not ex-
panded. On one plant all Ix leaves had caught their
prey; and on severd plants very many leaves had
caught more than asingle insect. On one large legf
| found the remains of thirteen distinct insects.
Flies (Diptera) are captured much oftener than other
insects. The largest kind which | have seen qaught
was a small butterfly (Camonympha pamphilus); but
the Eev. H. M. Wilkinson informs me that he found a
large living dragon-fly .with its body firmly held by
two leaves. As this plant is extremely common in
ome districts, the number of insects thus annually
daughtered must be prodigious. Many plants cause
the death of insects, for instance the sticky buds of
the horse-chestnut {JEsculus hippocastanum), without
thereby receiving, as fa as we can perceive, any ad-
vantage; but it uns soon ovidfiit that Drosera weas

which was published in the Gar-
dener's Chronicle 1863, p. 30.
Mr. Scott shows that gentleirrita-
tion of the hairs, aswell asinsects
placed on the disc of the leaf,
cause the hairs to bend in-
wards. Mr. A. W. Bennett also
gave another interesting account
of the movements of the leaves
before the British Association for
1873. In this same year Dr.
Warming published an essay, in
which he describes the structure
of the so-called hairs, entitled,
" Sur la Difference entre les Tri-
chomes'! &c, extracted from the
]>ioceeding8 of the Soc. d'Hist.
Nat. do Copenhague.
have occason hereafter to refer

to a paper by Mrs. Treat, of New
Jersey, on some American species
of Drosera. Dr. Burdon Kander-
sou delivered a lecture on Dion& a,!
before the Royal I nstitution 'pub-
lished in* Nature,* June 14,1K 74),

in which a short account of my e

observations on the power of true
digestion possessed by Dmsont
and Diunoca first appeared. Prof. -

Asa Gray has done good service 3

by calling attention to Drosera, {
and to other plants having similar
habits, in** The Nation '(1874, pp.
2(U and232),and in other publica-
tions. Dr. Hooker, also, in his
important address on Carnivorous

has given ahistory of the subject.

| shall also Plants (Brit. Assoc., Belfast, 1874), *
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secondly, the power Jtossessed I>v the leaves of render-
ing soluble or digesting nitrogenous substances, and
of afterwards absorbing them; thirdly, the chances
which take place within the eellsof the tentacles, when
tin* glands ;nv excited in various wa &

It is necessary, in the firs place, to describe briefly
the plant, It bears from two or three to five or Sx
leaves, generally extended more or less horizontally,
but Boinetimes standing vertically upwards. The shape
and general appearance of a leaf is shown, as seen
from above, in fig, 1, and as >r-en laterally, in fig. 2.
The Leaves are commonly a little broader than loi,g,

e / { Dvosera rotamvfot to,)
CMivnf viced laterally; <-u\\re o about e times

but tliis was not the case in the one here figured.
The whole upper surface is covered with gland-bearing
filaments, or tentacles, as | shall call them, from their
manne of acting. The glandswere counted on thirty-
one leaves, but many of these \wre of unusually large
size, and the average number was 192; the greatest
number being 2<io, and the least 130. The glands are
each surrounded by large drops of extremely viscid
secretion, which, glittering in the sun, have given ris€
lo the plant's poetical name of the sun-dew.

The tentades on the centrd part of the lef or dic <
fihort and stand upright, and their pedicels are “reen. Towards
the margin they become longer and longer and more inclined
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outwards, with their pedicels of a purple colour. Those on the
extreme margin project in the same plane with the leaf, or more
commonly (see fig. 2) are considerably reflexed. A few tentacles
spring from the base of the footstalk or petiole, and these are
the longest of all, being sometimes nearly i of an inch in length,
un a leaf bearing altogether 232 tentacles, the short ones on
the disc, having green pedicels, were in number to the longer
lWharglnal aA marginal tentacles, having purple pedicels, as
Ane to sixteen.

. A tentacle consists of a thin, straight, hair-like pedicel, carry-
'ng, agland on the summit. The pedicel is somewhat flattened,
End isformed of several rows of elongated cells, filled with purple
did or granular matter.* There is, however, a narrow zone
close beneath the glands of the longer tentacles, and a broader
zone near their bases, of a green tint. Spiral vessels, accom-
panied by simple vascular tissue, branch off from the vascular
Aundies in the blade of tho leaf, and run up all the tentacles
*nto the glands.

several eminent physiologists have discussed the homological
glee of these appendages or tentacles, that is, whether they
tI|

} xo o consperesi as maxrs (trichomes) or prolongations of
e af  Nitschke has shown that they include all tho elements
{roper to the blade of a leaf; and the fact of their including
-ascular tissue was formerly thought to prove that they were
Em&gngations of the leaf, but it is now known that vessels some-

oner xfUo lkRt  The POWe' of movement which they
ossess is a strong argument against their being viewed as hairs.

giggFonclusion which seems to me the most probablo will be
trial ? Cha pr XVu namcl,, that th

y cy existed primordially as
{&B@dular halrs, or mere epidermic formations, and that ther
should still be so considered; but that their lower

7.5 A""‘"“h"Sto Xitschke (* Bot.

fluid »e* °1fP 228) " P'rpto
Photlyrf? [ om0 e
exam, Mg, i A% In r- oy

e

with t| colouring matter
CCtro

ibzmm,m «wopei and in-
G Iminon th * v Ly onbids of the
}lh)'ll “whi¢ — %J of erythro-
uves with {| isoften met with in
purts, like Jow vitality, and in
earry on lenf Re petioles, which
imporfeet mg sfunctions in avery

be suid tlnm,l'ure is tﬁ‘a{ Hfs w.u's

(or tentacles) arc coloured lik**

Pa'*® °f a leaf which do not fulfil
their proper office"

t Dr. Nitschko has discussed
this subject in “Bot. Zeitung,
18(51, p. 241 &c. Seealso Dr.
Warming (* Sur laDifferenceentre
les Trichomes® &c, 1873;, who
gives references to various publi-
cations. See also Greenlandlarld
J'ri‘cul,” Aitnul. ties Sc. nat.

Ath series), torn. iii. 1Sj), PP
2«7 and 303.
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part, which alone is eapable of movement, consists of a"prolon-
gation of the leaf; the spiral vessels being extended from this
to the uppermost part. We shall hereafter see that the tor-
miiml tentacles of the divided leaves of Roriduht are still in
an intermediate condition.

The glands, with the exception of those |>orne by the extrei ..

Vic. &
(firoterarotund if alia.)
Longitudinal section of a gland; greatly mugnl | <. Fran Pr. Warming.

marginal tentacles, are oval, and of nearly uniform size, i1z
abotM i~of an inch in length. Their structure is remarkable,
nad their functions complex, for tliey sccreto, absorb, and sn:
acted on by various stimulants. They consist of an outer layer
of smal polygonal cells, containing purple granular matter or
ijuid, and with the walls thicker than those of the pedfo:ls.
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Withirf this layer of cells there is an inner one of differently
shaped ones, likewise filled with purple fluid, but of a dightly
different tint, and differently affected by chloride of gold. These
two layers are sometimes well seen when a gland has been
crushed or boiled in caustic potash. According to Dr. Warming,
there is still another layer of much more dongated cels, as
shown in the accompanying section (fig. 3) copied from his
work; but these cells were not seen by Nitschke, nor by mo.
In the centre there isa group of eongated, cylindrical cells of
unequal lengths, bluntly pointed at their upper ends, truncated
or rounded at their lower ends, closaly pressed together, and
remarkablefrom being surrounded by a spiral lino, which can be
separated asa distinct fibre.

These latter cells arefilled with limpid fluid, which after long
immergon in alcohol deposits much brown matter. | presume
that they are actually connected with the spiral vessels which run
up tho tentacles, for on several occasions the latter* were seen to
divide into two or three excessively thin branches, which could
be traced close up to the spiriferous cells. Ther development
has been described by Dr. Wanning. Céls of the same kind
have been observed in other plants, as| hear from Dr! Hooker,
and were seen by me in the margins of tho leaves of Pinguicula.
Whatever ther function may be, they are not necessary for the
secretion of tho digestive fluid, or for absorption, or for the
communication of a motor impulse to other parts of tho ledf,
as we may infer from the structure of the glands in some other
genera of the DrosracesB.

The extreme marginal tentacles differ dightly from the others.
Their bases arc broader, and besides their own vessals, they
recave a fine branch from those which enter the tentacles
on each sde. Ther glands arc much eongated, and lie em-
bedded on the upper surface of the pedicd, instead of standing
at the apex. In other respects they do not differ essentially
from the oval ones, and in one specimen | found every possible
trangtion between the two states. In another specimen there
were no long-headed glands. These marginal tentacles lose
ther irritability earlier than the others;, and when a stimulus
is applied to the centre of the leaf, they are excited into action
after tho others. When cut-off leaves are immersed in water,
they alone often become inflected.

Tho purple fluid or granular matter which fills tho cells of
the glands differs to a certain extent from that within the
cells of tho pedicels. For when a leaf is placed in hot water or in
certain acids, tho glands become quite white and opaque, whereas
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the cells of the pedicels are rendered of a bright red, Wwith the
exception of those close beneath the glands. These latter cells
lose their pale red tint; and the green matter which they, as
well as the basal cells, contain, becomes of a brighter green.
The petioles bear many multiccllular hairs, some of which
near the blade are surmounted, according to Nitschkc, by a
few rounded cells, which appear to be rudimentary glands.
Both surfaces of the leaf, the pedicds of the tentacles, espe-
cially the lower sides of the outer ones, and the petioles, are
sudded with minute papillae (hairs or trichomes), having a
conical bass, and bearing on their summits two, and occasion-
ally three or even four, rounded cells, containing much proto-
plasm. These papillae are generally colourless, but sometimes
include a little purple fluid. They vary in development, and
graduate, as Nitschko* states, and as | repeatedly observed,
into the long multicelular hairs. The latter, as wel as the
papillag, arc probably rudiments of formerly existing tentacles.

| may here add, in order not to recur to the papillag, that they
do not secrete, but are easlly permeated by various fluids: thus
when living or dead leaves are immersad in a solution of one
part of chloride of gold, or of nitrate of silver, to 437 of water,
they are quickly blackened, and the discoloration soon spreads
to the surrounding tissue. The long multicelular hairs are
not so quickly affected. After a leaf had been left in a weak
infusion of raw meat for 10 hours, the cells of the papillae had
evidently absorbed animal matter, for instead of limpid fluid
they now contained small aggregated masses of protoplasm,
which dowly and incessantly changed their fooms. A smilar
result followed from an immersion of only 15 minutes in a
solution of one part of carbonate of ammonia to 218 of water,
and the adjoining cells of the tentacles, on which the papillae
were seated, now likewise contained aggregated masses of proto-
plasm. We may therefore conclude that when a leaf has closely
clasped a captured insect in the manne immediately to be
described, the papillag, which project from the upper surface
of the leaf and of the tentacles, probably absorb some of the
animal matter dissolved in the secretion; but this cannot be
the case with the papillae on the backs of the leavesor on the
petioles.

* Nitschko has daboratdy desribed and figured these papillag,
“Bot. Zdtung, 18651, pp. 234, 253, 254,
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Preliminary Sketch of the Action of the several Parts, and
of the Manner in which | nsects are Captured.

If a small organic or inorganic object be placed on
the glands in the centre of aledf, these transmit a
motor impulse to the marginal tentacles. The nearer
ones are first afected and dowly bend towards the
centre, and then those farther df, until at last all
become closdy inflected over the object. This takes
place in from one hour to four or five or more hours.
The difference in the time required depends on many
circumstances, namely on the sze of the object and
on its nature, that is, whether it contains soluble
matter of the proper kind; on the vigour and age of
the leaf; whether it has lately been in action; and,
according to Nitschke* on the temperature of the
day, as likewise seemed to me to be thecase. A living
insect is a more efficdent object than a dead one, as
in struggling it presses against the glands of many
tentacles. An insect, such as afly, with thin integu-
ments, through which anima matter in solution can
readily pass into the surrounding dense secretion, is
more efficient in causing prolonged inflection than an
insect with athick coat, such as abeetle. The inflec-
tion of the tentacles takes place indifferently in the
light and darkness; and the plant is not subject to
any nocturnal movement of so-caled deep.

If the glands on the disc are repeatedly touched or
brushed, although no object is left on them, the
marginal tentacles curve inwards. So again, if drops
of various fluids, for instance of sdliva or of a solu-
tion of any salt of ammonia, are placed on the central
glands, the same result quickly follows, sometimes in
under half an hour.

'Bot. Zeitung,' 1860, p. 216.
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The tentacles in the act «' inflection sweep througth
b wide space; thus a marginal tentacle, extended in
the same planewith the blade, moresthrough an angle
of I*" : :ml | havi =« Q the much reflected tentacles
of u lea\ which stood Qprighi move through an angle
of not less thiin 270. The bending pail is am* st
confined to a short space near the base;, but a rather
larger portion of the doiiznted cxtorior tentacl i«

Fic. 4. Fic. 8.
(Drost™a rotundifelia.) (Drose= rotundifolm )}
Lont (en lurked) with all the toomacion Lol fentarad with the teulidil* on one
closely Inflecesl, ttova Immersion in u side inflectd over abit of meat).juced
solud M of phosphate '>f ununoali (one on the disc.

purt to <7500 of water).

Lecomes slightly incurved ; the distal half in all cases
remaining straight The short tentacles in the centre
of the (lig- when directly excited, do nal: bgcome in-
flected: Imt they are capable of inflection if excited
by aini)%)r inipulw> recened from other glands nt a
disiince. Tims, if a leaf is innuersed] in , infusin
of i,w iieat, or in a weak solution of ammonia (if the
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dilution is at all strong, the I<a' is paralysed), all the

‘erior tentacles bend inwards (see fig. 4). excepting
those near the centre,which remain upright; butthi=:
"eix| towards any exciting object placed <n <i<e side
of the disc, as shown in tig. 5. The glands in fig. |
may !jr seed to forma dark ring round the centre ; ;nd
this follows from tin' exterior tentacles increasing in

length in dm: pro portion, as they stand nearer to the
circumference.
The kind of inflection which th< tentaclos unde o

‘town when the gland of mn' of the long exterlor

a

of the exts ely eoted; the two adjoining
C...i in thelr ordlnary posmon

‘“"ftcles is in any way excited; lor the surronndinj:
1% injain anaffected. In the accompanying outline
S U) we seee one tentade, on which ;> particle of
AR o ¢ been placed thus bent towards the centre of
e e with two others retaining tbeii original
posinen_ A gland may be excited by \>rhvj: simply
touohed three or four times, or by prolongs! contad
JM“» organic or inorganic objects,and various fluids, 1
distine ‘tly seen through a Lens a tentacle begin-
M oend in ten seconds, after an object: had been

[Hns



12 DROSERA ROTUNDIFOLIA. CHAP. |.

placed on its gland; and | have often seen strongly
pronounced inflection in under one minute. It is sur-
prising how minute a particle of any substance, such
as a bit of thread or hair or splinter of glass, if placed
in actual contact with the surface of a gland, suffices
to cause the tentacleto bend. If the object, which has
been carried by this movement to the centre, be not
very small, or if it contains soluble nitrogenous matter,
it acts on the central glands; and these transmit a
motor impulse to tire exterior tentacles, caudti” thnn
to bend inwards.

Not only the tentacles, but the blade of tko leaf
often, but by no means always, becomes much in-
curved,- when any strongly exciting substance or fluid
is placed on the disc. [Jrops of milk and of a solution
of nitrate of ammonia or soda are particularly apt to
produce this effect. The blade is thus converted into
a little cup. The manne in which it bends varies
greatly. Sometimes the apex alone, sometimes one
side, and sometimes both sides, become incurved. For
instance, | placed bits of hard-boiled egg on three
leaves; one had the apex bent towards the base; the
second had both distal margins much indSved, so
that it became almost triangular in outline, and this
perhaps is the commonest case ; whilst the third blade
was not at all affected, though the tentacles were as
closely inflected as in the two previous cases. The
whole blade also generally rises or bends upwards, and
thus forms a smaller angle with the footstalk than it
did before  This appears at first sight a distinct
kind of movement, but it results from the incurvation
of that part of the margin which is attached to the
footstalk, causing the blade, as a whole, to curve or
move upwards.

The length of time during which the tentacles as
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wdl as the blade remain inflected over an object placed

°n the disc, degpends on various circumstances, namey
m the vigour and age of the leaf, and, according to
"to. Nitschke, on the temperature, for during cold
weathe when the leaves are inactive, they re-expand
t|t an earlier period than when the weather is warm.
|‘ut the nature of the object is by far the most
" uportant crcumgance; | have repeatedly found that
i io tentacles remain clagped for a much longer average
luno over objects which yield soluble nitrogenous
matter than over those, whether organic or inorganic,
which, yield no such matter. After a period varying
h'du one to saven days, the tentacles and blade re-
°xpand, and are then ready to act again. | have seen
the same leaf inflected three successve times over
"'«octs placed on the disc; and it would probably
have acted a greater numbe of times.

"The secretion from the glands is extremdy viscid,
b that it can bo dravn out into long threads. It
appears colourless, but stains little balls of paper pale
PR .An object of any kind placed on a gftnd always
“uses jt, as | believe, to secrete more fredly; but
the mere pressnce of the object renders this difficult
1? Certain. In some cases, however, the effect was
Mrongy marked, as when particles of sugar were
*dded; but the result in this case is probably due
merdy to exoamose  Particles of carbonate and phos
phate of ammonia and of some other salts, far ingance
ulphate of zinc, likewise increase the secretion. I m-
mergon in a solution of one part of chloride of gold,
? of some other salts, to 437 of water, excites the
Ktonds to largely increasad secretion; on the other
hand, tartmte of antimony produces no such eftbe.
Immergon in many adds, (of the strength of one part
**> 437 of water) likewise causes a wonderful amount of
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secretion, so that when the leaves are lifted out, long
ropes of extremely viscid fluidvhang from them. Some
acids, on the other hand, do not act in this manner.
Increased secretion is not necessarily dependent on
the inflection of the tentacle, for particles of sugar and
of sulphate of zinc cause no movement.

It is @ much more remarkable fact that when an
object, such as a bit of meat or an insect, is placed on
the disc of a leaf, as soon as the surrounding tentacles
become consderably inflected, their glands pour forth
an increased amount of secretion. | ascertained this
by selecting leaves with equal-sized drops on the two
sdes, and by placing bits of meat on one side of the
disc; and as soon as the tentacles'on this side became
much inflected, but before the glands touched the meat,
the drops of secretion became larger. This was re-
peatedly observed, but a record was kept of only
thirteen cases, in nine of which increased secretion was
plainly observed; the four failures being due either to*
the leaves being rather torpid, or to the bits of meat*
being too small to cause much inflection. We must
therefore conclude that the central glands, when
strongly excited, transmit some influence to the glands
of the circumferential tentacles, causing them to secrete
mor e copioudly.

It is a still more important fact (as we shall see
more fully when we treat of the digestive power of
the secretion) that when the tentacles become inflected,
owing to the central glands having been stimulated
mechanically, or by contact with animal matter, the
secretion not only increases in quantity, but changes
its nature and becomes acid; and this occurs Before
the glands have touched the object on the centre of
theleaf. This acid is of a different nature from that
contained in the tissue of the leaves. As long as the
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tentacles remain closely infl<vted, the glands continue
Y secrete, ancl the secretion is acid; so that, if nou-
Tedised by carbonate of soda, it again becomes aci!
'dter a few hours. | have observed the same leaf with
'lie tentacles closely inflected over rather indigestible
substances, Buch as chemically prepared casein, pour-
"»K forth agid Beeretion for eight Qucces<ive days, and
°VUr bits of bone Sr ten successive days,
-The secretion seems to possess, like tfr = saskricjuice
the higher animal-, some antiseptic [tower. During
“r} warm weather | placed close together two egual-
P “ized bits of raw meat, oneon a It of the Drosera,
“»d 111s other surrounded by wel moss. Thoy were
“ius hit tor 48 hrs., and iken i-simiined. The bit on
"¢ moss BWanned with infusoria, and was s& much
decayed that the trans;crse striee on the muscular
"bres could no longer be (dearly distinguished:
whilst the bit on the leaf, which was bathed by the
“"jon, was free from infusoria, and its stria wen-
perfectly distinct in the central and undissolved por-
Ol In like manner small cubes of albumen and
clwese piaced OB wel muss became threaded with
' lIl”'|ts of mould, and had their surfaces slightly
““oloured and disintegrated; whilst those on fche
!“'-'8 of Drosera remained clean, the albumen being
‘oanged into transparent fluid
A5 s00n as tentacles, which haw- cemained closely
Inf| eoted during several days over an object, begin
Nexpand, their glands Becrete less irec-ly, or cease
U> Sinrgte and an? left dry. Jn this slate they are
°°jered with a film of whitish. sem i-fibrous matin-,
*aich was held in solution by the secretion. The
uryinjg of the glands during the aci of reexpan-
ym is of siuk' little service & the plant; for | have
"t "psorv.!d that objects adhering to the Led s

i
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could then be blowmn awvay by a breath of air; the
leaves being thus left unencumbered and free for future
action. Nevertheless, it often happens that all the
glands do not become completely dry; and in this
case delicate objects, such as fragile insects, are some-
times torn by the re-expanson of the tentacles into
fragments, which remain scattered all over the ledf.
After the re-expanson is complete, the glands quickly
begin to re-secrete, and as soon as full-sized drops
are formed, the tentacles are ready to clasp a new
olyject.

When an insect alights on the central disc, it is
instantly entangled by the viscid secretion, and the
surrounding tentacles after a time begin to bend, and
ultimately clasp it on all sdes. Insects are generdly
killed, according to Dr. Nitschke, in about a quarter
of an hour, owing to their trachese being closed by
the secretion. If an insect adheres to only a few of
the glands of the exterior tentacles, these soon
become inflected and carry their prey to the tentacles
next succeeding them inwards; these then bend in*
wards, and so onwards, until the insect is ultimately
carried by a curious sort of rolling movement to the
centre of the leef. Then, after an interval, the ten-
tacles on all sdes become inflected and bathe their
prey with their secretion, in the same manner as
if the insect had first alighted on the central disc. It
IS surprising how minute an insect suffices to cause
this action: for instance, |. have seen one of the
smallest species of gnats (Culex), which had just
settled with its excessvely delicate feet on the
glands of the outermost tentacles, and these were
already begiiming to curve inwards, though not a
single gland had as yet touched the body of the
insect. Had | not interfered, this minute gnat would-
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assuredly have been carried to the centre of the leaf
and been securely clasped on all sides We shall
hereafter see what excessively small doses of certain
organic fluids and saline solutions cause strongly
marked inflection.

Whether insects alight on the leaves by mere
chance, as a redsting-place, or are attracted by the
odour of the secretion, I know not. | suspect from
the number of insects caught by the English species
of Drosera, and from what | have observed with some
exotic species kept in my greenhouse, that the odour
Is attractive. In this latter case the leaves may be
compared with a baited trap; in the foromer case with
atrap laid in a run frequented by game, but without
any bait.

That the glands possess the power of absorption, is
shown by their almost instantaneoudly becoming dark-
coloured when given a minute quantity of carbonate of
ammonia; the change of colour being chiefly or exclu-
sively due to the rapid aggregation of their contents.
When certain other fluids are added, they become pale-
coloured. Ther powe of absorption is, however, best
shown by the widey different results which follow,
from placing drops of various nitrogenous and non-
nitrogenous fluids of the same density on the glands
of the disc, or on a single marginal gland; and like-
wise by the very different lengths of time during which
the tentacles remain inflected over objects, which yield
or do not yield soluble nitrogenous matter. This
same concluson might indeed have been inferred from
the structure and movements of the leaves, which are
s0 admirably adapted for capturing insects. _

The absorptiGn of animal matter from captured
insects explains how Drosera can flourish in extremely
poor peaty soil,—in some cases where nothing but

C
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gphagnum moss grows, and mosses depend altogether
on the atmosphere for their nourishment. Although
the leaves at a hasty glance do not appear green, owing
to the purple colour of the tentacles, yet the upper and
lower surfaces of the blade, the pedicels of the central
tentacles, and the petioles contain chlorophyll, so that,
no doubt,* the plant obtains and assmilates carbonic
acid from the ar. Nevertheless, consdering the
nature of the soil where it grows, the supply of nitrogen
would be extremely limited, or quite deficient, unless
the plant had the power of obtaining this important
element from captured insects. We can thus under-
stand how it is that the roots are so poorly developed.
These usually consist of only two or three dlightly
divided branches, from haf to one inch in length,
furnished with absorbent hairs. It appears, therefore,
that the roots serve only to imbibe water; though, no
doubt, they would absorb nutritious matter if present
in the soil; for aswe shall hereafter see, they absorb
a wek solution of carbonate of ammonia. A plant
of Drosera, with the edges of its leaves curled in-
wards, so as to form a temporary stomach, with the
glands of the closdly inflected tentacles pouring forth
their acid secretion, which dissolves animal matter,
afterwards to be absorbed, may be said to feed like an
animal. But, differently from an animdl, it drinks by
means of itsroots; and it must drink largely, so as to
retain many drops of viscid fluid round the glands,
sometimes as many as 260, exposed during the whole
day to aglaring sun.
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CHAPTEE I1.

THE MOVEMENTS OF THE TENTACLES FROM THE CONTACT OF SOLID
BODIES.

Inflection of the exterior tentacles owing to the glands of the disc
being excited by repeated touches, or by objects left in contact
with them — Difference in the action of bodies yielding and not
yielding soluble nitrogenous matter — Inflection of the exterior
tentacles directly caused by objects left in contact with their
glands— Periods of commencing inflection and of subsequent re-
expansion — Extreme minuteness of the particles causing inflection
— Action underwater — Inflection of the exterior tentacles when
their glands are excited by repeated touches— Falling drops of
water do not cause inflection.

| wiLL givein thisand the following chapters some of

the many experiments made, which best illustrdte the
manner and rate of movement of the tentacles, when
excited in various ways. The glands alone in all

ordinary cases are susceptible to excitement. When
excited they do not themselves move or change form,
but transmit a motor impulse to the bending part ot
their own and adjoining tentacles, and are thus carried
towards the centre of the leaf. Strictly speaking, the
glands ought to be called irritable, as the term sens-
tive generally implies consciousness;, but no one sup-
poses that the Senstive-plant is conscious, and as |

have found the term convenient, | shall use it without
scruple. | will commence with the movements of the
exterior tentacles, when indirectly excited by stimulants
applied to the glands of the short tentacleson the disc.
The exterior tentacles may be said in this case to be
indirectly excited, because their own glands are not
directly acted on. The stimulus proceeding from the
glands of the disc acts on the bending part of the

c 2
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exterior tentacles, near their bases, and does not (as
will hereafter be proved) first travel up the pedicels to
the glands, to be then reflected back to the bending
place. Nevertheless, some influence does travel up to
the glands, causing them to secrete more copioudy,
and the secretion to become acid. This latter fact
is, | believe, quite new in the physiology of plants;
it has indeed only recently been established that in
the anima kingdom an influence can be transmitted
along the nerves to glands, modifying their power of
secretion, independently of the state of the blood-
vesss.

The Inflection of the Exterior Tentacles from the Glands
of the Disc being excited by Repeated Touches, or by
Objectsleftin Contact with them.

The central glands of a leaf were irritated with a
small giff came-hair brush, and in 70 m. (minutes)
severd of the outer tentacles were inflected; in 5 hrs,
(hours) all the-sub-margind tentacles were inflected;
next morning after aninterval of about 22 hrs. they were
fully re-expanded. In all the following cases the period
is reckoned from the time of first irritation. Another
leaf treated in the same manner had a few tentacles
inflected in 20 m.; in 4 hrs. all the submarginal and
some of the extreme marginal tentacles, as well as the
edge of the leaf itsdlf, were inflected; in 17 hrs. they
had recovered their proper, expanded position. | then
put a dead fly in the centre of the last-mentioned |edf,
and next morning it was closdy clasped; five days
afterwards the leaf re-expanded, and the tentacles,
with their glands surrounded by secretion, were ready
to act again.

Particles of meat, dead flies, bits of paper, wood,
dried moss, sponge, cinders, glass, & ¢, were repeatedly
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placed on leaves, and these objects were well embraced
In various periods from 1 hr. to as long as 24 hrs., and
set free again, with the leaf fully re-expanded, in from
one or two, to seven or even ten days, according to
the nature of the object. On a leaf which had
naturally caught two flies, and therefore had already
closed and reopened either once or more probably
twice, | put a fresh fly: in 7 hrs. it was moderately,
and in 21 hrs. thoroughly well, clasped, with the
edges of the leaf inflected. In two days and a
half the leaf had nearly re-expanded; as the exciting
object was an insect, this unusually short period of in-
flection was, no doubt, due to the leaf having recently
been in action. Allowing this same leaf to rest for
only asingle day, | put on another fly, and it again
closed, but now very slowly; nevertheless, in less than
two days it succeeded in thoroughly clasping the fly.

When a small object is placed on the glands of the
disc, on one dSde of a led, as near as possible to
its circumference, the tentacles on this sde are first
affected, those on the opposite side much later, or, as
often occurred, not at all. This was repeatedly proved
by trials with bits of meat; but | will here give only
the case of a minute fly, naturally caught and still
alive, which | found adhering by its delicate feet to
the glands on the extreme left side of the central disc.
The marginal tentacles on this sde closed inwards
and killed the fly, and after a time the edge of the
leaf on this Side adso became inflected, and thus
remained for severa days, whilst neither the tentacles
nor the edge on the opposite side were in the least
affected.

If young and active leaves are sdected, inorganic
particles not larger than the head of a smal pin,
placed on the central glands, sometimes cause the
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outer tentacles to bend inwards. But this follows
much more surely and quickly, if the object contains
nitrogenous matter which can be dissolved by the
'secretion.  On one occason | observed the follow-
ing unusual circumstance. Small bits of raw meat
(which acts more energetically than any other sub-
stance), of paper, dried moss, and of the quill of a
pen were placed on several leaves, and they were all
embraced equally well in about 2 hrs. On other
occasons the above-named substances, or more com-
luoftly particles of glass, coal-cinder (taken from the
lire), stone, gold-leaf, dried grass, cork, blotting-paper,
cotton-wool, and hair rolled up into little balls, were
used, and these substances, though they were some-
times well embraced, often caused no movement what-
ever in the outer tentacles, or an extremely slight and
dow movement. Yet these same leaves were proved to
bein an active condition, asthey were excited to move
by substances yielding soluble nitrogenous matter,
such as bitsof raw or roast meat, the yolk or white of
boiled eggs, fragments of insects of all orders, spiders,
&c. | will give only two instances. Minute flies were
placed on the discs of several leaves, and on others
balls of paper, bits of moss and quill of about the same
size as the flies, and the latter were well embraced
in a few hours, whereas after 25 hrs. only a very
feaw tentacles were inflected over the other objects.
The bits of paper, moss, and quill were then removed
from these leaves, and bits of raw meat placed on them;
and now all the tentacles were soon energetically
inflected.

Again, particlesof coal-cinder (weighing rather more
than the fliesused in the last experiment) were placed
on the centres of three leaves. after an interval of
19hrs. one of the particles was tolerably well embraced,;
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a second by a very few tentacles; and a third by none.
| then removed the particles from the two latter leaves,
and put on them recently killed flies. These were
fairly well embraced in 7£ hrs. and thoroughly after
20J hrs.; the tentacles remaining: inflected for many
subsequent days. On the other hand, the one leaf
which had in the course of 19 hrs. embraced the bit of
cinder moderatey well, and to which no fly was given,
after an additional 33 hrs. (i.e in 52 hrs. from the
time when the cinder was put on) was completely
re-expanded and ready to act again.

From these and numerous other experiments not
worth giving, it is certain that inorganic substances,
or such organic substances as are not attacked by the
secretion, act much less quickly and efficiently than
organic substances yielding soluble matter which is
absorbed. Moreover, | have met with very few excep-
tions to the rule, and these exceptions apparently
depended on the leaf having been too recently in
action, that the tentacles remain clasgped for a much
longer time over organic bodies of the nature just
goecified than over those which are not acted on by
the secretion, or over inorganic objects*

* Owing to the extraordinary
belief held by M. Ziegler (Comp-
tes rendus/ May 1872, p. 122),
thatealbuminous substances, if
held for a moment between the

and particles were then placed
(every instrument with which
they were touched having been
previousy immersed in boiling
water) on the glands of several

fingers, acquire the property of
making the tentacles of Drosera
contract, whereas, if not thusheld,
they have no such power, | tried
some experiments with great care,
but the results did not confirm
this belief. Red-hot cinders were
taken out of the fire, and bits
of glass, cotton-thread, blotting
paper and thin dslices of cork
wereimmersed in boiling water;

leaves, and they acted in exactly
the same manner as ether par-
ticles, which had been purposey
handled for some time. Bits of
a boiled egg, cut with a knife
which had been washed in boiling
water, also acted like any other
animal substance. | breathed on
some leaves for above a minute,
and repeated the act two or three
times, with my mouth close to
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Thelnflection of the Exterior Tentaclesasdirectly caused
by Objectsleftin Contact with tJieir Glands.

| made a vast number of trials by placing, by means
of a fine needle moistened with distilled water, and
with the aid of a lens, particles of various substances
on the viscid secretion surrounding the glands of the
outer tentacles. | experimented on both the ova and
long-headed glands. When a particle is thus placed
ol a single gland, the movement of the tentacle is
particularly wel seen in contrast with the stationary
condition of the surrounding tentacles. (See previous
fig. 6) In four cases smdl particles of rav meat
caused the tentacles to be greatly inflected in between
5 and 6 m. Ancther tentacle smilarly treated,
and observed with gpecid care, distinctly, though
dightly, changed its postion in 10 s. (seconds); and
this is the quickest movement seen by ine. In 2 m.
30 s it had moved through an angle of about 45°.
The movement as seen through a lens resembled that
of the hand of a large clock. In 5m. it had moved
through 90°, and when | looked again after 10 m,,
the particle had reached the centre of the leaf; o0
that the whole movement was completed in less

M. Ziecler

them, but this produced no effect.
| may here add, as showing that
the loaves are not acted on by the
odour of nitrogenous substances,
that pieces of raw meat stink on
needles were fixed as close as
possible, without actual contact,
to several leaves, but produced
no effect whatever. On the other
hand, as we shall hereafter see,
the vapours of certain volatile
substances and fluids, such as of
carbonate of ammonia, chloro-
form, certain essential oils, &c,

cause inflection.
makes still more extraordinary
statements with reject to the
power of animal substances, which

contact wUhs sulphate of quinine.
1 he actjon of salts of quinine will
be desciglbed in a futu][ehchapter

ince the appearunce of the
& °Y? referred to, M. Zieg gaEM
publwhcd a book on the same
*

subject, entitled. <Atnni«iu
Zoicité, 1874, e
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than 17 m. 30 s. In the course of some hours this
minute bit of meat, from having been brought into
contact with some of the glands of the central disc,
acted centrifugally on the outer tentacles, which all be-
came closdy inflected. Fragments of flies were placed*
on the glands of four of the outer tentacles, ex-
tended in the same plane with that of the blade, and
three of these fragmentswere carried in 35 m. through
an angle of 180° to the centre. The fragment on
the fourth tentacle was very minute, and it was
not carried to the centre until 3 hrs. had eapsed. In
three other cases minute flies or portions of larger
ones were carried to the centre in 1 hr. 30s. In
these seven cases, the fragments or small flies, which
had been carried by a single tentacle to the central
glands, were wedl embraced by the other tentacles
after an interval of from 4 to 10 hrs.

| dso placed in the manner just described six small
balls of writing-paper (rolled up by the aid of pincers,
so that they were not touched by my fingers) on the
glands of sx exterior tentacles on distinct |leaves,
three of these were carried to the centre in about 1 hr.,
and the other three in rather more than 4 hrs.; but
after 24 hrs. only two of the six balls were well em-
braced by the other tentacles. It is possble that
the secretion may have dissolved a trace of glue or
animalised matter from the balls of paper. Four par-
ticles of cod-cinder were then placed on the gland9
of four exterior tentacles, one of these reached
the centrein 3 hrs. 40 m.; the second in 9 hrs.; the
third within 24 hrs., but had moved only part of the
way in 9 hrs.; whilst the fourth moved only a very
short distance in 24 hrs., and never moved any farther.
Of the above three bits of cinder which were ultimately
carried to the centre, orie alone was well embraced by
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many of the other tentacles. We here see clearly that
such bodies as particles of cinder or little balls of
paper, ater being carried by the tentacles to the
central glands, act very differently from fragments of
flies, in causng the movement of the surrounding
tentacles. :

| made, without carefully recording the times of
movement, many similar trials with other substances,
such as splinters of white and blue glass, particles of
cork, minute bits of gold-leaf, &c.; and the propor-
tional number of cases varied much in which the
tentacles reached the centre, or moved only dlightly,
or not a al. One evening, particles of glass and
cork, rather larger than those usually employed, were
placed on about a dozen glands, and next morning,
after 13 hrs,, every single tentacle had carried its little
load to the centre; but the unusually large size of the
particles will account for this result. In another case
% of the particles of cinder, glass, and thread, placed
on separate glands, were carried towards, or actualy
to, the centre; in another case £ in another -feg and
in the last case only -fa were thus carried inwards, the
small proportion being here due, at least in part, to the
leaves being rather old and inactive. Occasiondly a
gland, with its light load, could be seen through a
strong lens to move an extremely short distance and
then stop; this was especialy apt to occur when ex-
cessvely minute particles, much less than those of
which the measurements will be immediately given,
were placed on glands; so that we here have nearly
the limit of any action.

| was so much surprised at the smallness of the par-
ticles which caused the tentacles to become greatly
inflected that it seemed worth while carefully to
ascertain how minute a particle would plainly act.
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Accordingly measured lengths of a narrow strip of
blotting paper, of fine cotton-thread, and of a woman's
hair, were carefully weighed for me by Mr. Trenham
Reeks, in an excellent baance, in the laboratory in
Jermyn Street. Short bits of the- paper, thread, and
hair were then cut off and measured by a micrometer,
so that their weights could be easily calculated. The
bits were placed onthe viscid secretion surrounding the
glands of the exterior tentacles, with the precautions
already stated, and | am certain that the gland itself
was never touched; nor indeed would a single touch
have produced any effect. A bit of the blotting-paper,
weighing 45 °f @ grain, was placed s0 as to rest on
three glands together, and all three tentacles dowly
curved inwards, each gland, therefore, supposing the
weight to be distributed equally, could have been
pressed on by only -"*Vr of a grain, or *0464 of a milli-
gramme. Five nearly equal bits of cotton-thread were
tried, and all acted. The shortest of these wes -%;1 of
an inch in length, and weighed -oVr of a grain. The
tentacle in this case was consderably inflected in
1 hr. 30 m.,, and the bit of thread was carried to the
centre of theleaf in 1 hr. 40m. Again, two particles
of the thinner end of a woman's hair, one of these
being -p of an |nch inlength, and weighing -g! TT of
agran, the otherT ~of an inch in length, and weigh-
ing of course alittle more, were placed on two glands on
opposite sides of the same ledf, and these two tentacles
were inflected hdfway towards the centrein 1 hr. 10m.;
all the many other tentacles round the same leaf re-
maining motionless. The appearance of this one leaf
showed in an unequivoca manner that these minute
particles aufficed to cause the tentacles to bend. Alto-
gether, ten such particles of hair were placed on ten
glands on severa leaves, and seven of them caused
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the tentacles to move in a conspicuous manner. The
smallest particle which was tried, and which acted
plainly, was only 6V oi an inch (‘203 millimetre) in
length, and weighed the y*TTr of a grain, or '000822
milligramme. In these several cases, not only was the
inflection of the tentacles conspicuous, but the purple
fluid within their cells became aggregated into little
masses of protoplasm, in the manner to be described in
the next chapter; and the aggregation was so plain
that | could, by this clue alone, have readily picked
out under the microscope all the tentacles which had
carried their light loads towards the centre, from the
hundreds of other tentacles on the same leaves which
had not thus actéd.

My surprise was greatly excited, not only by the
minuteness of the particles which caused movement,
but how they could possibly act on the glands; for it
must be remembered that they were laid with the
greatest care'on the convex surface of the secretion.
At first | thought—Dbut, as | now know, erroneousy—
that particles of such low specific gravity as those of
cork, thread, and paper, would never come into contact
with the surfaces of the glands. The particles cannot
act smply by their weight being added to that of the
secretion, for small drops of water, many times heavier
than the particles, were repeatedly added, and never
produced any effect. Nor does the disturbance of the
secretion produce any effect, for long threads were
drawn out by a needle, and affixed to some adjoining
object, and thus left for hours, but the tentacles
remained motionless.

| also carefully removed the secretion from four
glands with a sharply pointed piece of blotting-paper,
S0 that they were exposed for a time naked to the air,
but this caused no movement; yet these glands were
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in an efficent state, for after 24 hrs. had eapsed, they
were tried with bits of meat, and all became quickly
inflected. It then occurred to me that particles float-
ing on the secretion would cast shadows on the glands
which might be senstive to the interception of the
light. Although this ssemed highly improbable, as
minute and thin splinters of colourless glass acted
powerfully, nevertheless, after it was dark, | put on,
by the ad of a single tdlow candle, as quickly as
possible, particles of cork and glass on the glands of a
dozen tentacles, as well as some of meat on other
glands, and covered them up so that not aray of light
could enter; but by the next morning, after an interval
of 13 hrs, all the particles were carried to the centres
of the leaves. ,
These negative results led me to try many more
experiments, by placing particles on the surface of the
drops of secretion, observing, as carefully as | could,
whether they penetrated it and touched the surface of
the glands. The secretion, from its weight, generally
forms a thicker layer on the under than on the upper
sides of the glands, whatever may be the postion of
the tentacles. Minutebitsof dry cork, thread, blotting
paper, and cod cinders were tried, such as those pre-
vioudy employed; and | now obsarved that they
absorbed much more of the secretion, in the course of
afew minutes, than | should have thought possible; and
as they had been laid on the upper surface of the secre-
tion, where it is thinnest, they were often drawn down,
after a time, into contact with at least some one point
of the gland. With respect to the minute splinters
of glass and particles of hair, | observed that the
secretion dowly spread itself a little over their sur-
faces, by which means they were likewise drawn down-
wards or sdeways, and thus one end, or some minute
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prominence, often came to touch, sooner or later, the
gland.

In the foregoing and following cases, it is probable
that the vibrations, to which the furniture in every
room is continually liable, aids in bringing the par-
ticles into contact with the glands. But as it was
sometimes difficult, owing to the refraction of the secre-
tion, to fed sure whether the particles were in contact,
| tried the following experiment. Unusualy minute
particles of glass, hair, and cork, were gently placed on
the drops round severa glands, and very few of the
tentacles moved. Those which were not affected were
left for about haf an hour, and the particles were
then disturbed or tilted up severa times with a fine
needle under the microscope, the glands not being
touched. And now in the course of a fev minutes
amogt all the hitherto motionless tentacles began to
move; and this, no doubt, was caused by one end or
some prominence of the particles having come into
contact with the surface of the glands. But as the
particles were unusualy minute, the movement was
small.

Lastly, some dark blue glass pounded into fine
splinters was used, in order that the points of the par-
ticles might be better distinguished when immersed in
the secretion; and thirteen such particles were placed
in contact with the depending and therefore thicker
part of the drops round so many glands. Five of the
tentacles began moving after an interval of a few
minutes, and in these cases | clearly saw that the par-
ticles touched the lower surface of the gland. A sixth
tentacle moved after 1 hr. 45 m.,, and the particle
was now in contact with the gland,' which was not the
case at first. So it was with the seventh tentacle, but
its movement did not begin until 3 hrs. 45 m. had
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elapsed. The remaining six tentacles never moved
as long as they were observed; and the particles
apparently never came into contact with the surfaces
of the glands.

From these experiments we learn that particles not
containing soluble matter, when placed on glands, often
cause the tentacles to begin bending in the course of
from one to five minutes; and that in such cases the
particles have been from thefirst in contact with the
aurfaces of the glands. WMfc the tentacles do not
begin moving for a much longer time, namey, from
half an hour to three or four hours, the particles
have been dowly brought into contact with the
glands, either by the secretion being absorbed by the
particles or by its gradual spreading over them, to-
gether with its consequent quicker evaporation.
When the tentacles do not move at all, the particles
have never come into contact with the glands, or in
some cases the tentacles may not have been in an
active condition. In order to excite movement, it is
indispensable that the particles should actually rest on
the glands; for a touch once, twice, or even thrice
repeated by any hard body is not sufficient to excite
movement.

Another experiment, showing that extremey mi-
nute particles act on the glands when immersed in
water, may here be given. A grain of sulphate of
quinine was added to an ounce of water, which was
not afterwards filtered; and on placing three leaves in
ninety minims of thisfluid, | was much surprised to find
that all three leaves were greatly inflected in 15 m.;
for | knew from previous trials that the solution .does
not act so quickly as this. It immediately occurred
to me that the particles of the undissolved salt, which
were so light as to float about, might have come
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into contact with the glands, and caused this rapid
movement. Accordingly | added to some distilled
water a pinch of a quite innocent substance, namely,
precipitated carbonate of lime, which conssts of an
impal pable powder; | shook the mixture, and thus got -
afluid like thin milk. Two leaves were immersed in
it, and in 6 m. dmost every tentacle was much
inflected. | placed one of these leaves under the
microscope, and saw innumerable atoms of lime ad-
hering to the external dsrface of the secretion. Some,
however, had penetrated it, and were lying on the sur-
faces of the glands; and no doubt it was these particles
which caused the tentacles to bend. When a legf isim-
mersed in water, the secretion instantly swels much;
and | presume that it is ruptured here and there, so
that little eddies of water rush in. |f so, we can under-
stand how the atoms of chak, which rested on the
aurfaces of the glands, had penetrated the secretion.
Anyone who has rubbed precipitated chalk between
his fingers will have perceived how excessvey fine
the powder is. No doubt there must be a limit, beyond
which a particle would betoo small to act on a gland,;
but what this limit is, | know not* | have often seen
fibres and dust, which had falen from the air, on the
glands of plants kept in my room, and these never
induced any movement; but then such particles lay
on the surface of the secretion and never reached the
gland itsdf.

Finally, it is an extraordinary fact that a little
bit of soft thread, 1V of an inch in length and weigh-
Ing , b= of agran, or of a human hair, Vu of an
inch | |n length and weighing only -,y"Ta of a grain
(¢000822 milligramme), or particles of precipitated
chalk, after resting for a short time on a gland,
should induce some change in its cells, exciting them
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to transmit a motor impulse throughout the whole
length of the pedicel, consisting of about twenty cells,
to near its base, causng this part to bend, and the
tentacle to sweep through an angle of above 180°.
That the contents of the cells of the glands, and after-
wards those of the pedicels, are afected in aplainly
visible manner by the pressure of minute particles, we
shall have abundant evidence when we treat of the
aggregation of protoplasm. But the case is much more
remarkablethan asyet stated; for the particles are sup-
ported by the viscid and dense secretion; nevertheless,
even smaler ones than those of which the measure-
ments have been given, when brought by an insensibly
dow movement, through the means above specified, into
contact with the surface of a gland, act on it, and the
tentacle bends. The pressure exerted by the particle
of hair, weighing only * T-Q-- of agrain and supported
by a dense fluid, must have been inconceivably slight.
We may conjecture that it could hardly have equalled
the millionth of a grain; and we shall hereafter see
that far less than the millionth of a grain of phos
phate of ammonia in solution, when absorbed by a
gland, acts on it and induces movement. A bit of
hair, - of an inch in length, and therefore much
larger than those used in the above experiments, was
not perceived when placed on my tongue; and it is
extremely doubtful whether any nerve in the human
body, even if in an inflamed condition, would be in
any weay affected by such a particle supported in a
dense fluid, and dowly brought into contact with the
nerve. Yet the cells of the glands of Drosera are thus
excited to transmit a motor impulse to a distant point,
inducing movement. It appears to me that hardly
any more remarkable fact than this has been observed
In the vegetable kingdom.
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Thelnflection of the Exterior Tentacles, when their Glands
areexcited by Repeated Touches.

We have aready seen that, if the central glands
are excited by being gently brushed, they trans
mit a motor impulse to the exterior tentacles,
causng them to bend; and we have now to con-
gder the effects which fdlow from the glands of
the exterior tentacles being themselves touched. On
severad occasons, a large number of glands were
touched only once with a needle or fine brush,
hard enough to bend, the whole flexible tentacle;
and though this must have caused a thousand-
fold greater pressure than the weight of the above
described particles, not a tentacle moved. On
another occason forty-five glands on eleven leaves
were touched once, twice, or even thrice, with a
needle or Hiff bristle. This was done as quickly as
possible, but with force sufficient to bend the ten-
tacles ; yet only sx of them became inflected,—three
plainly, and three in a slight degree. In order to
ascertain  whether these tentacles which were not
dffected were in an effident state, bits of meat were
placed on ten of them, and they all soon became greatly
incurved. ‘On the other hand, when alarge number of
glands were struck four, five, or dx times with the
same force as before, a needle or sharp splinter of
glass being used, a much larger proportion of tentacles
became inflected; but the result was so uncertain
as to ssem capricious. For instance, | struck in
the above manner three glands, which happened to
be extremely sendtive, and all three were inflected
amost as quickly as if bits of meat had been placed
on them. On another occasion | gave a single for-
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cible touch to a consderable number of glands, and
not one moved ; but these same glands, after an inter-
val of some hours, being touched four or five times
with a needle, severad of the tentacles soon became
inflected. :

The fact of a single touch or even of two or three
touches not causing inflection must be of some service
to the plant; as during stormy wesather, the glands
cannot fail to be occasondly touched by the tall
blades of grass, or by other plants growing near ; and
it would be a great evil if the tentacles were thus
brought into action, for the act of re-expansion takes
a consderable time, and unt]| the tentacles are re-
expanded they cannot catch prey. On the other
hand, extreme sendtiveness to slight pressure is of the
highest sarvice to the plant; for, as we have seen, if
the delicate feet of a minute struggling insect press
ever s0 lightly on the surfaces of two or three glands,
the tentacles bearing these glands soon curl inwards
and carry the insect with them to the centre, causing,
afiter a time, all the circumferential tentacles to
embrace it. Nevertheless, the movements of the
plant are not perfectly adapted to its requirements;
for if a bit of dry moss, peat, or other rubbish, is
blown on to the disc, as often happens, the tentacles
clasp it in a usdess manner. They soon, however,
discover their mistake and release such innutritious
objects.

It is also a remarkable fact, that drops of water fall-
ing from a height, whether under the form of natural
or artificial rain, do not cause the tentacles to move;
yet the drops must strike the glands with considerable
force, more especidly after the secretion has been all
washed away by heavy rain; and this often occurs,

D2
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though the secretion is so viscid that it can be re-
moved with difficulty merely by waving the leaves in
water. If the falling drops of water are smal, they
adhere to the secretion, the weight of which must be
increased in a much greater degree, as before re-
marked, than by the addition of minute particles of
solid matter; yet the drops never cause the tentacles
to become inflected. It would obvioudy have been a
great evil to the plant (as in the case of occasona
touches) if the tentacles were excited to bend by
every shower of rain; but this evil has been avoided
by the glands either having become through habit
insensible to the blo”| and prolonged pressure of
drops of water, or to their having been originaly
rendered sensitive solely to the contact of solid bodies.
We shall hereafter see that the filaments on the leaves
of Dioneea are likewise insensible to the impact of
fluids, though exquisitely senditive to momentary
touches from any solid body.

When the pedicel of a tentacle is cut of by a
sharp pair of scissors quite close beneath the gland,
the tentacle generally becomes inflected. | tried this
experiment repeatedly, as | was much surprised at the
fact, for all other parts of the pedicels are insensible to
any stimulus. These headless tentacles after a time
re-expand; but | shall return to this subject. On the
other hand, | occasionaly succeeded in crushing a
gland between a pair of pincers, but this caused no
inflection. In this latter case the tentacles seem
paraysed, as likewise follows from the action of too
strong solutions of certain salts, and by too great
heat, whilst weaker solutions of the same salts and a
more gentle heat cause movement. We shall dso see
in future chapters that various other fluids, some
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vapours, and oxygen (after the plant hasbeen for some
time excluded from its action), all induce inflection,
and this likewise results from an induced galvanic

current.*

* My son Francis, guided by
the observations of Dr. Bunion
Sanderson on ,Dionseq, finds that
if two needles are inserted into
the blade of a leaf of Drosera, the
tentacles do not move; but that if
damilar needlesin connection with

the secondary coil of a Du Bois
inductive apparatus arc inserted,
the tentacles curve inwards in the
course of a few minutes. My son
hopes soon to publish an account
of his observations,
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CHAPTEE I11.

AGGREGATION' OP THE PROTOPLASM WITHIN THE CELLS OF THE
TENTACLES.

Nature of the contents of the cells before aggregation — Various
causes which excite aggregation—The process commences within
the glands and travels down the tentacles—Description of the
aggregated masses and of their spontaneous movements—Currents
of protoplasm along the walls of the cells—Action of carbonate
of ammonia—The granules in the protoplasm which flows alonp
the walls coalesce with the central masses—Minuteness of the
quantity of carbonate of ammonia causing aggregation — Action
of other salts of ammonia — Of other substances, organic fluids,
&c—Of water—Of heat—Redissolution of the aggregated masses
—Proximate causes of, the aggregation of the protoplasm —
Summary and concluding remarks—Supplementary observations
on aggregation in the roots of plants.

| wiLL here interrupt my account of the movements
of the leaves, and describe the phenomenon of aggre-
gation, to which subject | have dready aluded. If
the tentacles of a young, yet fully matured legf, that
has never been excited or become inflected, be ex-
amined, the cdlls forming the pedicels are seen to be
filled with homogeneous, purple fluid. The wals are
lined by alayer of colourless, circulating protoplasm ;
but this can be seen with much greater distinctness
after tho process of aggregation has been partly
effected than before. The purple fluid which exudes
from a crushed tentacle is somewhat coherent, and
does not mingle with the surrounding water; it con-
tains much flocculent or granular matter. But this
matter may have been generated by the cells having
been crushed; some degree of aggregation having
been thus amost instantly caused.
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If a tentacle is examined some hours after the gland
has been excited by repeated touches, or by an in-
organic or organic particle placed on it, or by the
absorption of certain fluids, it presents a wholly
changed appearance. The cdlls, instead of being filled
with homogeneous purple fluid, now contain varioudy
shaped masses of purple matter, suspended in a colour-
less or dmost colourless fluid. The change is 0
congpicuous that it is vigble through a wesk lens,
and even sometimes by the naked eye; the tentacles
now have a mottled appearance, so that one thus
affected can be picked out with ease from all the
others. The same result follows if the glands on the
disc are irritated in any manner, so that the exterior
tentacles become inflected; for their contents will
then be found in an aggregated condition, although
their glands have not as yet touched any object. But
aggregation may occur independently of inflection,
as we shall presently see. By whatever cause the
process may have been excited, it commences within
the glands, and then travels down the tentacles. It
can be obsarved much more distinctly in the upper
cells of the pedicels than within the glands, as these
are somewhat opague. Shortly after the tentacles have
re-expanded, the little masses of protoplasm are all
redissolved, and the purple fluid within the cdlls be-
comes as homogeneous and transparent as it wes at
firsd. The process of redissolution travels upwards
from the bases of the tentacles to the glands, and
therefore in a reversed direction to that of aggre-
gation. Tentacles in an aggregated condition were
shown to Prof. Huxley, Dr. Hooker, and Dr. Burdon
Sanderson, who obsarved the changes under the
microscope, and were much struck with the whole
phenomenon.
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The little masses of aggregated matter are of the
most diversfied shapes, often spherical or ova, some
times much elongated, or quite irregular with thread-
or necklace-like or club-formed projections. They
consst of thick, apparently viscid matter, which in
the exterior tentacles is of a purplish, and in the
short diacal tentacles of a greenish, ml our. These
little masses incessantly change their forms and pos-
tions, being never at rest. A single mtiss will often
separate into two, which afterwards reunite.  Thelr
movements are rather dow, and resemble those of
Amoebre or of the white corpuscles of the blood. We

FIG. 7.
{Droteraratomdifolia.)

Diagram of the name cell of atentacle, showing thfi various forms successively
assumed by the aggregated masses of protoplfwm.

may, therefore, conclude that they consist of proto-
plasm. If their shapes are sketched ;it intervals
of a fev minutes, they are invariably seen to haye
ii in If einline great changes of form; and the same
cell has been obsarved for several hours. Eight rude,
though accurate sketches of the same cell, made at
intervals of between 2 m. or 3 m. are here give
(fig. 7), and illustrate some of the smpler and com-
monest changes. The cell A, when firs sketched,
| included two oval masses of purple protoplasm touch-
ing each other. These became sgparate, as.shown
a B, and then reunited, as at C. After the next
interval a very common appearance was presented—
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D, namely, the formation of an extremely minute
sphere at one end of an elongated mass. This rapidly
increased in size, as shown in E, and was then re-
absorbed, as at P, by which time another sphere had
been formed at the opposite end.

The cell above figuri-d was from a tentacle of a dark
red leaf, which had caught a small moth, and was
examined under water. As | at first thought that the
movements of*the masses might be due to the absorp-
tion of water, | placed a fly on a leaf, and when after
18 hrs. all the tentacles were well inflected, these were
examined without being immersed in water. The cell
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FIG. H.
{Drottra rotimtlifulia.}

Diagitim of the stime coil of a tentacle, stowing the various forms successively
assumed by the aggregated miwscs of protoplnsni.

here represented (fig. 8) was from this leaf, being
sketched eight times in the course of 15 m. These
sketches exhibit some of the more remarkable changes
which the protoplasm undergoes. At first, there was
at the base of the cell 1, a little mass on a short
footstalk, and a larger mass near the upper end, and
these seemed quite separate. Nevertheless, they may
have been connected by a fine and invisible thread of
protoplasm, for on two other occasions, whilst one
mass was rapidly increasing, and another in the same
cell rapidly dexrd,si,,. | was able by varying the
light and using a high power, |, Jet--eta connecting
thread of extreme tenuity, which evidently served as
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the channel of communication between the two. On
the other hand, such connecting threads are some-
times seen to break, and their extremities then
quickly become club-headed. The other sketches in
fig. 8 show the forms successively assumed.

Shortly after the purple fluid within the cells has
become aggregated, the little masses float about in a
colourless or almost colourless fluid; and the layer
of white granular protoplasm which fldWs along the
walls can now be seen much more distinctly. The
stream flows at an irregular rate, up one wall and
down the opposite one, generally at a Sower "rate
across the narrow ends of the elongated cells, and so
round and round. But the current sometimes ceases.
The movement is often in waves, and their crests
sometimes stretch almost across the whole width of
the cell, and then sink down again. Small spheres of
protoplasm, apparently quite free, are often driven by
the current round the cells; and filaments attached
to the central masses are swayed to and fro, as if
struggling to escape. Altogether, one of these cells
with the ever changing central masses, and with the
layer of protoplasm flowing round the walls, presents
a wonderful scene of vita] activity.

Many observations were made on the contents of the cdls
whilst undergoing the process of aggregation, but | shall detail
only a few cases under different heads A amall portion of a
leaf was cut df, placed under a high power, and the glands
very gently pressed under a compressor.  In 15 m. | digtinctly
saw extremdy minute gheres of protoplasm aggregating them-
savesin the purple fluid; these rapidly increasad in size, both
within the cells of the glands and of the uppe ends of the
pedices. Particles of glass, cork, and dnders were also placed
on the glands of many tentacles; in 1 hr. several of them were
inflected, but after 1 hr. 35 m. there wasno aggregation. Other
tentacles with these particles were examined after 8 Irrs, and
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now all their sells had undergone aggregation; so had the cels
of the exterior tentacles which had become inflected through
theirritation transmitted from the glands of the disc, on which
the trangported particlesrested. This was likewisethe case with
the short tentacles round the margins of the disc, which had not
as yet become inflected. This latter fact shows that the pro-
cess of aggregation is independent of the inflection of the ten-
tacles, of which indeed we have other and abundant evidence.
Again, the exterior tentacles on three leaves were carefully
examined, and found to contain only homogeneous purple fluid;
little bits of threftd were then placed on the glands of three of
them, and after 22 hrs. the purple fluid in ther cells aimost
down to their bases was aggregated into innumerable, spherical,
elongated, or filamentous masses of protoplasm. The bits of
thread had been carried some time previoudy to the central
disc, and this had caused all the other tentacles to become
somewhat inflected; and ther cells had likewise undergone
aggregation, which however, it should bo observed, had not
as yet extended down to their bases, but was confined to the
cells close beneath the glands.

Not only do repeated touches on the glands* and the contact
of minute particles cause aggregation, but if glands, without
being themsalves injured, are cut off from the summits of the
pedicels, this induces a moderate amount of aggregation in the
headless tentacles, after they have become inflected. On the
other hand, if glands are suddenly crushed between pincers, as
was tried in six cases, the tentacles seem paralysed by so great
a shock, for they neither become inflected nor exhibit any signs
of aggregation.

Carbonate of Ammonia,—Of all the causes mducmg agorega-
tion, that which, asfar as | have seen, acts the quickest, and is
the most powerful, is a solution of carbonateof ammonia. What*
ever.its strength may be, the glands are always affected first,
find soon become quite opaque, O as to appear black. For
ingtance, | placed aleaf in a few drops of a strong solu”on,
namely, of one part to 146 of water (or 3 grs. to 1 oz.), and
observed it under a high power. All the glands began to

* Judging from an account of
M. HeckePs observations, which
| have only just seen quoted in
the Gardener's Chronicle' (Oct.

0> 1874), he appears to have
observed a similar phenomenonin

the stamens of Berbcris, after
they have been excited by a
touch and have moved; for he
says, " the contents of -each indi-
vidual cell are collected together
in the centre of the cavity."
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darken in 10 s (seconds); and in 13 s were conspicuoudy
darker. In 1 m. extremdy small spherical masses of protoplasm
could be seen arising in the cells of the pedices close beneath
the glands, as wdl as in the cushions on which the long-
headed marginal glands rest. In several cases the process
travelled down tho pedicels for a length twice or thrice as great
as that of the glands, in about 10 m. It was interesting to
observe the process momentarily arrested at each transverse
partition between two cells, and then to see the trangparent
contents of the cell next bdow almos flashing into a cloudy
mass. In the lower part of the pedicds, the action proceeded
dower, s0 that it took about 20 m. before the cells halfway
down the long marginal and submarginal tentacles became
aggr egated. ,

We may infer that the carbonate of ammonia is absorbed by
the glands, not only from its action beng so rapid, but from its
effect being somewhat different from that of other salts. Asthe
glands, when excited, secrete an acid belonging to tho acetic
series, the carbonate is probably at once converted into a
salt of this series; and we shall presently see that the acetate
of ammonia causes aggregation almost or quite as energetically
as does the carbonate. If a few dropsof a solution of one part of
the carbonate to 437 of water (or 1 gr.to 1 0z.) be added to the
purple fluid which exudes from crushed tentacles, or to paper
stained by being rubbed with them, the fluid and the paper are
changed into a pale dirty green. Nevertheless, some purple
colour could still be detected after 1 hr. 30 m. within the glands
of a leaf left in a solution of twice the above strength (viz.
2grs. to1loz.); and after 24 hrs. the cells of the pedicels close
beneath the glands still contained spheres of protoplasm of a
fine purple tint. These facts show that the ammonia had not
entered as a carbonate, for otherwise the colour would have
been discharged. | have, however, sometimes observed, espe-
cially with thelong-headed tentacleson the margins of very pale
leaves immersed in a solution, that the glands as well as the
up™er cells of the pedicels were discoloured; and in these cases
| presume that the unchanged carbonate had been absorbed.
The appearance above described, of the aggregating process
being arrested for a short time at each transverse partition,
impresses the mind with the idea of matter passng downwards
from cell to cell. But as the cels one beneath the other
undergo aggregation when inorganic and insoluble particles are
placed on the glands, the process must be, at least in these
cases, one of molecular change, transmitted from the Ylands,
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independently of the absorption of any matter. So it may pos-
sibly be in the case of the carbonate of ammonia. As, how-
ever, the aggregation caused by this salt travels down the
tentacles at a quicker rate than when insoluble particles are
placed on the glands, it is probable that ammonia in some form
is absorbed not only by the glands, but passes down the
tentacles.

Having examined a leaf in water, and found the contents of the
cells homogeneous, | placed it in a few drops of a solution of one
part of the carbonate to 437 of water, and attended to the cells
immediately beneath the glands, but did not use a very high
power. No aggregation was visible in 3 m.; but after 15 m.
small sphéres of protoplasm were formed, more especially
beneath the long-headed marginal glands, the process, how-
ever, in this case took place with unusual downess. In 25m.
conspicuous spherical masses were present in the cells of the
pedicels for a length about equal to that of the glands;, and
in 3 hrs. to that of a third or half of the whole tentacle.

If tentacles with cells containing only very pale pink fluid,
and apparently but littlo protoplasm, are placed in a few drops
of a weak solution of one part of the carbonate to 4375 of
water (1 gr. to 10 oz.), and the highly transparent cells beneath
the glands are carefully observed under a high power, these
may be seen first to become dlightly cloudy from the formation
of numberless, only just perceptible, granules, which rapidly
grow larger ether from coalescence or from attracting more
protoplasm from the surrounding fluid. On one occason |
chose a dgngularly pale leaf, and gave it, whilst under the
microscope, a single drop of a stronger solution of one part to
437 of water; in this case the contents of the cells did not
become cloudy, but after 10 m. minute irregular granules of
protoplasm could be detected, which soon increased into
irregular masses and globules of a greenish or very pale purple
tint; but these never formed perfect spheres, though incessantly
changing their shapes and positions.

With moderately red leaves the first effect of a solution of *the
carbonate generally is the formation of two or three, or of
several, extremely minute purple spheres which rapidly increase
in size. To give an idea of the rate at which such spheres
increase in size, | may mention that a rather pale purple leaf
placed under a dlip of glass was given adrop of a solution of
one part to 292 of water, and in 13 m. a few minute spheres of
protoplasm were formed; one of these, after 2 hrs. 30 m., was
about two-thirds of the diameter of thecell. After 4 hrs 25 m.
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it nearly equalled the cell in diameter; and a second sphere
about half as large as the first, together with a few other
minute ones, were formed. After 6 hrs. the fluid in which these
spheres floated was almost colourless. After 8 hrs. 35 m. (always
reckoning from the time when the solution was first added) four
new minute spheres had appeared. Next morning, after 22 hrs.,,
there were, besides the two large spheres, seven smaller ones,
floating in absolutely colourless fluid, in which some flocculent
greenish matter was suspended.

At the commencement of the process of aggregation, more
especially in dark red leaves, the contents of the cells often
present a different appearance, as if the layer of protoplasm
(primordial utricle) which lines the cells had separated itself
and shrunk from the walls; an irregularly shaped purple bag
being thusformed. Other fluids, besides a solution of the car-
bonate, for instance an infusion of raw meat, produce this same
effect. But the appearance of the primordial utricle shrinking
from the wallsis certainly false ;* for before giving the solution,
| saw on several occasions that the walls were lined with colour-
less flowing protoplasm, and after the bag-like masses were
'‘formed, the protoplasm was still flowing along the walls in a
conspicuous manner, even more so than before. It appeared
indeed as if the stream of protoplasm was strengthened by th<3
action of the carbonate, but it was impossible to ascertain
whether this was really the case. The bag-like masses, when
once formed, soon begin to glide slowly round the cells, some-
times sending out projections which separate into little spheres,
other spheres appear in the fluid surrounding the bags, and
these travel much more quickly. That the small spheres are
separate is often shown by sometimes one and then another
travelling in advance, and sometimes they revolve round each
other. | have occasionally seen spheres of this kind proceeding
up and down the same side of a cell, instead of round it. The
bag-like masses after a time generally divide into two rounded
or oval masses, and these undergo the changes shown in figs. 7
and 8. At other times spheres appear within the bags; and
these coalesce and separate in an endless cycle of change.

After leaves have been left for several hoursin a solution of
the carbonate, and complete aggregation has been effected, the

* With other plants | have caused by asolution of carbonate
often seen what appears to be a of ammonia, as likewise follows
truo shrinking of the primordia  from mechanica injuries,
utricle from the walls of the cdlls,
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sream of protoplasm on the walls of the cells ceases to be
visible; | observed this fact repeatedly, but will give only one
instance. A pale purple leaf was placed in a few drops of a
solution of one part to 292 of water, and in 2 hrs. some fine'
purple spheres were formed in the upper cells of the pedicdls,
the sream of protoplasm round ther walls being still quite
distinct; but after an additional 4 hrs., during which time
many more spheres were formed, the sream was no longer
distinguishable on the most careful examination; and this no
doubt was due to the contained granules having become united
with the spheres, so that nothing was Ieft by which the move-
ment of the limpid protoplasm could be perceived. But minute
free spheres still traveled up and down the cells, showing that
there was still a current.  So it was next morning, after 22 hrs,,
by which time some new minute spheres had been formed;
these oscillated from side to sde and changed their postions,
proving that tte current had not ceased, though no sream of
protoplasm was visible. On another occason, however, a
sream was seen flowing round the cdl-walls of a vigorous,
dark-coloured ledf, after it had been left for 24 hrs. in a rather
sronger solution, namely, of one part of the carbonate to 218 of
water. This leaf, therefore, was not much or at all injured by
an immerson for this length of time in the above solution of
two grainstothe ounce; and on being afterwards left for 24 hrs.
In water, the aggregated masses in many of the cells were re-
dissolved, in the same manner as occurswith leaves in a state of
nature when they re-expand after having caught insects.

In a leaf which had been left for 22 hrs. in a solution of one
part of the carbonate to 292 of water, some spheres of proto-
plasm (formed by the sdf-divison of a bag-like mass) were
gently pressed beneath a covering glass, and then examined
under a high power. They were now distinctly divided by
well-defined radiating fissures, or were broken up into separate
fragments with sharp edges; and they were solid to the centre.
In the larger broken spheresthe central part was more opaque,
darker-coloured, and less brittle than the exterior; the latter
alone being in some cases penetrated by the fissures. In many
of the spheres the line of separation between the outer and
inner parts was tolerably well defined. The outer parts were of
exactly the same very pale purple tint, as that of the last
formed smaller spheres;, and these latter did not include any
darker central core.

From these several facts we may conclude that when vigorous
dark-coloured leaves are subjected to the action of carbonate of
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ammonia, the fluid within the cells of the tentacles often aggre-
gates exteriorly into coherent viscid matter, forming a kind of
bag. Small spheres sometimes appear within this bag, and the
whole generally soon divides into two or more spheres, which
repeatedly coalesxce and redivide. After a longer or shorter
time the granules in the colourless layer of protoplasm, which
flows round the walls, are drawn to and unite with the' larger
spheres, or form small independent spheres; these latter being of
a much paler colour, and morebrittle than the first aggregated
masses. After the granules of protoplasm have been thus
attracted, the layer of flowing protoplasm can no longer be dis-
tinguished, though a current of limpid fluid still flows round
the walls.

If a leaf isimmersed in a very strong, almost concentrated,
solution of carbonate of ammonia, the glands are instantly
blackened, and they secrete copioudy; but no movement of the
tentacles ensues. Two leaves thus treated became after 1 hr.
flaccid, and seemed killed; all the cells in their tentacles con-
tained spheres of protoplasm, but these were small and dis
coloured. Two other leaves were placed in a solution not quite
0 srong, and there was well-marked aggregation in 30 m.
After 24 hrs. the spherical or more commonly oblong masses of
protoplasm became opaque and granular, insead of being as
usual tranducent; and in the lower cels there were only
innumerable minute spherical granules. It was evident that
the strength of the solution had interfered with the completion
of the process, as we shall see likewise follows from too great
heat.

All the foregoing observations relate to the exterior tentacles
which are of a purple colour; but the green pedicels of thée
short central tentacles are acted on by the carbonate, and by
an infuson of raw meat, in exactly the same manner, with the
sole difference that the aggregated masses are of a greenish
colour; so that the process is in no way dependent on the
colour of the fluid within the cdlls.

Finally, the most remarkable fact with respect to thissalt is
the extraordinary small amount which suffices to cause aggre-
gation. Full details will be given in the seventh chapter, and
here it will be enough to say that with a sendtive leaf the
absorption by a gland of r*roe-of a grain (-000482 mgr.) is
enough to cause in the course of one hour wel-marked aggrega-
tion in the cells immediately beneath the gland.

The Effects of certain other Halts and Fluids.__Two leaves were
placed in a solution of one part of acetate of ammonia to about
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146 of water, and were acted on quite as energetically, but
perhaps not quite so quickly, as by the carbonate. After 10 m.
the glands were black, and in the cells beneath them there were
traces of aggregation, which after 15 m. waswell marked, extend-
ing down the tentacles for a length equal to that of the glands.
After 2 hrs. the contents of almost all the cells in all the ten-
tacles were broken up into masses of protoplasm. A leaf was
immersed in a solution of one part of oxalate of ammonia to
146 of water; and after 24 m. some, but not a conspicuous,
change could be seen within the cells beneath the glands.
After 47 m. plenty of spherical masses of protoplasm were
formed, and these extended down the tentacles for about the
length of the glands. This salt, therefore, does not act so
quickly as the carbonate. With respect to the citrate of am-
monia, a leaf was placed in a little solution of the above
strength, and there was not even a trace of aggregation in tho
cells beneath the glands, until 56 m. had elapsed; but it was
well marked after 2 hrs. 20 m. On another occason a leaf
was placed in a stronger solution, of one part of the citrate to
109 of water (4 grs. to 1 o0z.), and at the same time another
leaf in a solution of the carbonate of the same strength. The
glands of the latter were blackened in less than 2 m., and
after 1 hr. 45 m. the aggregated masses, which were spherical
and very dark-coloured, extended down all the tentacles, for
between half and two-thirds of their lengths, whereas in tho
leaf immersed in the citrate the glands, after 30 m; were of
a dark red, and the aggregated masses in the cells beneath them
pink and elongated. After 1 hr. 45 m. these masses extended
down for only about one-fifth or one-fourth of the length of the
tentacles.

Two leaves wore placed, each in ten minims of a solution of
one part of nitrate of ammonia to 5250 of water (1 gr. to
12 0z.), so that each leaf received ™ of a grain ("1134 mgr.).
This quantity caused all the tentacles to be inflected, but after
24 hrs. there was only a trace of aggregation. One of these
same leaves was then placed in a weak solution of the car-
bonate, and after 1 hr. 45 m. the tentacles for half ther lengths
showed an astonishing degree of aggregation. Two other
leaves were then placed in a much stronger solution of one part
of the nitrate to 146 of water (3 grs. to 1 0z.); in one of these
there was no marked change after 3 hrs.; but in the other
there was a trace of aggregation after 52 m., and this was
plainly marked after 1 hr. 22 m., but even after 2 hrs. 12 m.
there was certainly not more aggregation than would have fol-

" E
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lowed from an immergon of from 5m. to 10 m. in an equally
strong solution of the carbonate.

Lastly, a leaf was placed in thirty minims of a solution of
one part of phosphate of ammonia to 43,750 of water (1 gr. to
100 oz.), so that it recaeived y* of a grain (‘04079 mgr.); this
soon caused the tentacles to be strongly inflected; and after
‘24 hrs. the contents of the cells were aggregated into oval
and irregularly-globular masses with a conspicuous current of
protoplasm flowing round the walls. But after so long an
interval aggregation would have ensued, whatever had caused
inflection.

Only a few other salts, besdes those of ammonia, were tried
in relation to the process of aggregation. A leaf was placed in
a solution of one part of chloride of sodium to 218 of water, and
after 1 hr. the contents of the cells were aggregated into small,
irregularly globular, brownish masses; theso after 2 hrs. were
almost disintegrated and pulpy. It was evident that the proto-
plasm had been injurioudy affected; and soon afterwards some
of the cells appeared quite empty. These effects differ alto-
gether from those produced by the several salts of ammonia,
aswell as by various organic fluids, and by inorganic particles
placed on the glands, A solution of the same strength of car-
Ixmate of soda and carbonate of potash acted in nearly the same
manner asthe chloride; and here again, after 2 hrs. 30 m,, the
outer “cells of some of the glands had emptied themsdlves of
their brown pulpy contents. We shall see in the eghth
chapter that solutions of several salts of soda of half the above
srength cause inflection, but do not injure the leaves. Weak
solutions of sulphate of quinine, of nicotine, camphor, poison of
the cobra, & c, soon induce well-marked aggregation; whereas
certain other subgtances (for instance, a solution of curare)
have no such tendency.

Many acids, though much diluted, are poisonous; and though,
as will be shown in the eghth chapter, they cause the ten-
tacles to bend, they do not excite true aggregation. Thus leaves
were placed in a solution of one part of benzoic acid to 437 of
water; and in 15m. the purple fluid within the cells had shrunk
a little from the walls, yet when carefully examined after 1 hr.
20 m., there was no true aggregation; and after 24 hrs. the leaf
was evidently dead. Other leaves in iodic acid, diluted to the
same degree, showed after 2 hrs. 15 m. the same shrunken
appearance of the purple fluid within the cells; and these,
after 6 hrs. 15 m., were seen under a high power to be filled
with excessvely minute spheres of dull reddish protoplasm,
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which by the next morning, after 24 hrs, had almost dis
appeared, the leaf being evidently dead. Nor was there any true
aggregation in leaves immersed in propionic acid of the same
strength; but in this case the protoplasm was collected in
irregular masses towards the bases of the lower cells of the
tentacles.

A filtered infuson of raw meat induces srong aggregation,
but not very quickly. In one leaf thus immersed there was a
little aggregation after 1 hr. 20 m., and in another after 1 hr.
50 m. With other leaves a condderably longer time was re-
quired : for instance, one immersed for 5 hrs. showed no aggre-
gation, but was plainly acted on in 5 m., when placed in a few
drops of a solution of one part of carbonate of ammonia to 146
of water. Some leaves were left in the infuson for 24 hrs,
and these bccamo aggregated to a wonderful degree, so that
the inflected tentacles presented to the naked eye a plainly
mottled appearance. The little masses of purple protoplasm
were generally oval or beaded, and not nearly so often spherical
as in the case of leaves subjected to carbonate of ammonia.
They underwent incessant changes of form; and the current of
colourless protoplasm round the walls was conspicuoudy plain
after an immerson of 25 hrs. Haw meat is too powerful a
simulant, and even small bits generally injure, and sometimes
kill, the leaves to which they arc given: the aggregated masses
of protoplasm become dingy or almost colourless, and present
*an unusual granular appearance, as is likewise the case with
leaves which have been immersed in a very strong solution of
carbonate of ammonia. A leaf placed in milk had the contents
of its cells somewhat aggregated in 1 hr. Two other leaves,
one immersed in human saliva for 2 hrs. 30 m., and another
in unboiled white of egg for 1 hr. 30 m., were not acted on iii
this manner; though they undoubtedly would have been so,
had more time been allowed. These same two leaves, on being
afterwards placed in a solution of carbonate of ammonia (3 grs.
to 1 oz.), had their cells aggregated, the one in 10 m. and the
other in 5m.

Several leaves were left for 4hrs. 30 m. in a solution of one
part of white sugar to 146 of water, and no aggregation ensued;
on being placed in a solution of this same strength of carbonate
of ammonia, they were acted on in 5m.; as was likewise a |eaf
which had been left for 1 hr. 45 m. in a moderately thick solu-
tion of gum arabic. Several other leaves were immersed for
some hours in denser solutions of sugar, gum, and starch, and
they had the contents of their cells greatly aggregated. This
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effect may be attributed to exosmosc; for the leaves in the
nyrup became quite flaccid, and those in the gum and starch
somewhat flaccid, with their tentacles twisted about in the
most irregular manner, the longer ones like corkscrews. We
shall hereafter sec that solutions of these substances, when
placed on the discs of leaves, do not incite inflection. Particles
of soft sugar were added to the secretion round several glands
and were soon dissolved, causing a great increase of the secre-
tion, no doubt by exosmose, and after 21 hrs. the cells showed
a certain amount of aggregation, though the tentacles were
not inflected. Glycerine causes in a few minutes well-pro-
nounced aggregation, commencing as usual within the glands
and then traveling down the tentacles, and this | presume
may be attributed to the strong attraction of this substance
for water. Immerson for several hours in water causes some
degree of aggregation. Twenty leaves were first carefully
examined, and re-examined after having been left immersed
in distilled water for various periods, with the following results.
It is rare to find even a trace of aggregation until 4 or 5
and generally not until several more hours have eapsed.
When however a leaf becomes quickly inflected in water, as
sometimes happens, especially during very warm weather,
aggregation may occur in little over 1 hr. In all cases
leaves left in water for more than 24 hrs. have their glands
blackened, which shows that their contents are aggregated;
and in the specimens which were carefully examined, there.
was fairly well-marked aggregation in the upper cells of the
pedicedls. These trials were made with cut-off leaves, and it
occurred to me that this circumstance might influence the
result, as the footstalks would not perhaps absorb water quickly
enough to supply the glands as they continued to secrete.
But this view was proved erroneous, for a plant with uninjured
roots, bearing four leaves, was submerged in distilled water for
47 hrs, and the glands were blackened, though the tentacles
were very little inflected. In one of these leaves there was only
a dight degree of aggregation in the tentacles; in the second
rather more, the purple contents of the cells being a little
separated from the walls; in the third and fourth, which were
pale leaves, the aggregation in the upper parts of the pedicels
was well marked. In these leaves the little masses of proto-
plasm, many of which were oval, dowly changed ther forms
and positions; so that a submergence for 47 hrs. had not killed
the protoplasm. In a previous trial with a submerged plant
the tentacles were not in the least inflected.
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Heat induces aggregation. A leaf, with the cells of _the
tentacles containing only homogeneous fluid, was waved .abouty
foo 1 m. in water at 130" Fahr. (54*4 Cent.), and was then
examined under the microscope as quickly as possible, that
isin 2 m. or 3 m.; and by this time the contents of the
cells had undergone some degree of aggregation. A second leaf
was waved for 2 m. in water at 125° (5F6 Cent.) and qwckly
examined as before; the tentacles were well Inflected; the
purple fluid in all tho cells had shrunk a little from the walls,
and contained many oval and elongated masses of protoplasm
with a few minute spheres. A third leaf was left in water at
125°, until it cooled, and when examined after 1 hr fern., me
inflected tentacles showed somo aggregation, which became
after 3 hrs. more strongly marked, but did not subsequently,
increase. Lastly, a leaf was waved for 1 m. in water at 1 JO
(4828 Cent) and then left for 1 hr. 26 m. in cold water; the
tentacles wore but little inflected, and there was only here and
there a trace of aggregation. In all these and other teals
with warm water the protoplasm showed much less tendenq
to aggregate into sphorical masses than when excited by car-
bonate of ammonia.

li&lisnJution of the Aweiftital Masses of Protoplasm- As soon
as tentacles which have clasped an insect or any |norgan|c
object, or have been in any way excited, have fully re-expanded,
the aggregated masses of protoplasm are redissolved and dis-
appear; the cells being now refilled with homogeneous purple
fluid as they were bofore the tentacles were inflected. The
process of redissolution in all casescommences at the basesof the
tentacles, and proceeds up them towards the glands. In oia
leaves, however, especially in those which have been several
times in action, the protoplasm in the uppermost cells of the
pedicels remains in a permanently more or less aggregated con-
dition. In order to observe the process of »d»olnto(m. the
following observations were made: a leaf was loft for 2+ ms, in,
a little solution of one part of carbonate of ammonia to 218101
water, and the protoplasm was as usual aggregated*"'° ™ ™ FT
less purple spheres, which were |nce$antly <*-»{£* ™
forms The leaf was then washed and placed in d'stilled waters
and after 3 hrs. 15 m. somefew of thespheres.” * BM TP
their less clearly deaned edges signs of; redissolata» ™
9 hrs. many of them had become eIongated and the surround-
ing fluid in the cells was dlightly more coloured, showmg
plainly that redissolution had commenced. After T« are,
though many cells still contained spheres, here and there one
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could be seen filled with purple fluid, without a vestige of
1aggregated protoplasm; the whole having been reclissolved. A
eaf with aggregated masses, caused by its having been waved
for 2m. in water at the temperature of 125° Fahr., was left in
cold water, and after 11 hrs. the protoplasm showed traces
of incipient redissolution. When again examined three days
after itsimmerdon in the warm water, there was a conspicuous
difference, though the protoplasm was still somewhat aggre-
gated. Another leaf, with the ontcntsof all the cells strongly
aggregated from t\\e action of a weak solution of phosphate of
ammoniu, was left for between three and four days in a mixture
(known to be innocuous) of one drachm of alcohol to eight
drachms of water, and when re-examined every trace of aggre-
gation had disappeared, the cells being now filled with homo-
geneous fluid.

We have seen that leaves immersed for some hoursin dense
solutions of sugar, gum, and starch, have the contents of ther
(jels greatly aggregated, and aro rendered more or less flaccid,
with the tentacles irregularly contorted. These leaves, after
being left for four days in distilled water, became less flaccid,
with ther tentacles partially re-expanded, and the aggre-
gated masses of protoplasm were partially redissolved. A leaf
with its tentacles closdy clasped over a fly, and with the con-
tents of the colls strongly aggregated, was placed in a little
sherry wine; aftor 2 hrs. several of the tentacles had re-
cxpanded, and tho others could by a meretouch be pushed back
into their properly expanded positions, and now all traces of
aggregation had disappeared, the cells being filled with perfectly
homogeneous pink fluid. Tho redissolution in these cases may,
| presume, be attributed to endosmosc.

On the Proximate Games of the Process of Aggregation.

As mogt of the stimulants which cause the inflection
of the tentacles likewise induce aggregation in the
contents of their cells, this latter process might be
thought to be the direct result of inflection; but this
Is not the case. If leaves are placed in rather strong
solutions of carbonate of ammonia, for instance of
three or four, and even sometimes of only two grains
to the ounce of water (i. e. one part to 109, or 146, or
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218, of water), the tentacles are paralysed, and do not
become inflected, yet they soon exhibit srongly e
marked aggregation. Moreover, the short central
tentacles of a leaf which has been immersed in a
weak solution of any salt of ammonia, or in any
nitrogenous organic fluid, do not become in the least
inflected; neverthdess they exhibit all the pheno-
mena of aggregation. On the other hand, several
acids cause strongly pronounced inflection, but no
aggregation. . .

It is an important fact that when an organic or jn-
organic object is placed on the glands of the disc,
and the exterior tentacles are thus caused to bend
inwards, not only is the secretion from the glands of
the latter increased in quantity and rendered acid,
but the contents of the cells of their pedicds hecome
agogregated. The process always commences in the
glands, although these have not as yet touched any
object. Some force or influence mug, therefore, be
transmitted from the central glands to the exterior
tentacles, first to near their bases causing this part to
bend, and next to the glands causing them to secrete
more copioudy. After a short time the glands, thus
indirectly excited, transmit or reflect some influence
down their own pedicels, inducing aggregation in cell
beneath cell to their bases.

It seems at first sight a probable view that aggrega-
tion is due to the glands being excited to secrete more
copioudy, so that sufficient fluid is not left- m-ther
cells, and in the cells of the pedicds, to.hold the
protoplasm in solution. In favour of thisview isthe
fact that aggregation follows the inflection- 01 tne
tentacles, and during the movement the glands gener -
ally, or, as | believe, always, secrete more copioudy
than they did before.  Again, during the re-expanson
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of the tentacles, the glands secrete less fredly, or quite
cease to secrete, and the aggregated masses of proto-
plasm are then redissolved. Moreover, when leaves
are immersed in dense vegetable solutions, or in
glycerine, the fluid within the gland-cells passes out-
wards, and there is aggregation; and when the leaves
are afterwards immersed in water, or in an innocuous
fluid of less specific gravity than water, the protoplasm
is redissolved, and this, no doubt, is due to endosmose.

Opposad to this view, that aggregation is caused by
the outward passage of fluid from the cells, are the
following facts. There seems no close relation between
the degree of increased secretion and that- of aggre-
gation. Thus a particle of sugar added to the secre-
tion round a gland causes a much greater inard&se of
secretion, and much less aggregation, than does a
particle of carbonate of ammonia given in the same
manner. It does not appear probable that pure water
would cause much exosmose, and Yyet aggregation
often follows from an immersion in water of between
16 hrs. and 24 hrs, and always after from 24 hrs. to
48 hrs.  Still less probable is it that water at a tempe-
rature of from 125° to 130° Fahr. (51°-6 to 54°4 Cent.)
should cause fluid to pass, not only from the glands,
but from all the cells of the tentacles down to ther
bases, so quickly that aggregation is induced within
2m. or 3 m Another strong argument against
this view is, that, after complete aggregation, the
spheres and oval masses of protoplasm float about
in an abundant supply of thin colourless fluid; so
that at least the latter stages of the process cannot
be due to the want of fluid to hold the protoplasm
in solution. There is still sronger evidence that
aggregation is independent of secretion; for the pa-
pillaB, described in the first chapter, with which the
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leaves are studded are not glandular, and do not
secrete, yet they rapidly absorb carbonate of ammonia
or an infusion of raw meat, and their contents then
quickly undergo aggregation, which afterwards spreads
into the cells of the surrounding tissues. We shall
hereafter see that the purple fluid within the sens-
tive filaments of Dionsea, which do not secrete, like-
wise undergoes aggregation from the action of a weak
solution of carbonate of ammonia.

The process of aggregation is a vital one; by which
| mean that the contents of the cells must be alive
and uninjured to be thus affected, and they must be in
an oxygenated condition for the transmission of the
process at the proper rate. Some tentacles in a
drop of water were strongly pressed beneath a slip of
glass; many of the cells were ruptured, and pulpy
matter of a purple colour, with granules of all sizes
and shapes, exuded, but hardly any of the cells were
completely emptied. | then added a minute drop of
a solution of one part of carbonate of ammonia to
109 of water, and after 1 hr. examined the specimens.
Here and there a few cells, both in the glands and in
the pedicels, had escaped being ruptured, and their
contents were-well aggregated into spheres which were
constantly changing their forms and positions, and a
current could still be. seen flowing along the walls;
so that the protoplasm was alive. On the other hand,
the exuded matter, which was now almost colourless
instead of being purple, did not exhibit a trace of
aggregation. Nor was there a trace in the many
cells which were ruptured, but which had not been
completely emptied of their contents. Though |
looked carefully, no signs of a current could be seen
within these ruptured cells. They had evidently been
killed by the pressure; and the matter which they
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still contained did not undergo aggregation any more
‘than that which had exuded. In these specimens, as
| may add, the individuality of the life of each cell
was well illustrated.

A full account will be given in the next chapter of
the effects of heat on the leaves, and | need here only
state that leaves immersed for a short time in water at
atemperature of 120° Fahr. (48°-8 Cent.), which, as we
have seen, does not immediately induce aggregation,
were then placed in a few drops of a strong solution
of one part of carbonate of ammonia to 109 of water,
and became finely aggregated. On the other hand,
leaves, dtaf an immerdon in water a 150° (65°*5
Cent.), on being placed in the same strong solution,
did not undergo aggregation, the cells becoming filled
with brownish, pulpy, or muddy matter. With leaves
subjected to temperatures between these two extremes
of 120° and 150° Fahr. (48°-8 and 65°-5 Cent.), there
were gradations in the completeness of the process;
the former temperature not preventing aggregation
from the subsequent action of carbonate of ammonia,
the latter quite stopping it. Thus, leaves immersed
in water, heated to 130° (4°*4 Cent.), and thenin the
solution, formed perfectly defined spheres, but these
were decidedly smaller than in ordinary cases. With
other leaves heated to 140° ((50° Cent.), the spheres
were extremely small, yet wel defined, but many of
the cdls contained, in addition, some brownish pulpy
matter. In two cases of leaves heated to 145° (62°-7
Cent.), a few tentacles could be found with some of
their cells containing a fev minute spheres, whilst
the other cells and other whole tentacles included
only the brownish, disintegrated or pulpy matter.

The fluid within the cells of the tentacles must be
in an oxygenated condition, in order that the force or
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influence which induces aggregation should be trans-
mitted at the proper rate from cell to cell. A plant,
with its roots in water, was left for 45m. in a vesH
containing 122 oz. of carbonic acid. A leaf from this
plant, and, for comparison, one from a fresh plant, were
both immersed for 1 hr. in a rather strong solution
of carbonate of ammonia. They were then compared,
and certainly there was much less aggregation in the
leaf which had been subjected to the carbonic acid
than in the other. Another plant was exposed in
the same vessd for 2 hrs. to carbonic acid, and one of
its leaves was then placed in a solution of one part of
the carbonate to 437 of water; the glands were in-
stantly blackened, showing that they had absorbed,
and that their contents were aggregated; but in the
cells close beneath the glands there was no aggre-
gation even after an interval of 3 hrs. After 4 hrs.
15 m. a fev minute spheres of protoplasm were formed
in these cdlls, but even after 5 hrs. 30 m. the aggre-
gation did not extend down the pedicels for a length
equal to that of the glands. After numberless trials
with fresh leaves immersed in a solution of this
strength, | have never seen the aggregating action
transmitted at nearly so dow a rate. Anocther plant
was left for 2 hrs. in carbonic acid, but was then
exposed for 20 m. to the open air, during which time
the leaves, being of a red colour, would have absorbed
some oxygen. One of them, as well as a fresh ledf
for comparison, were now immersed in the same solu-
tion as before. The former were looked at repeatedly,
and after an interval of 65 m. a fev spheres of
protoplasm were first observed in the cells close be-
neath the glands, but only in two or three of the
longer tentacles. After 3 hrs. the aggregation had
travelled down the pedicels of a few of the tentacles
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for a length equal to that of the glands. On the other
hand, in the fresh leaf smilarly treated, aggregation
was plain in many of the tentacles after 15m.; after
65 m. it had extended down the pedicels for four, live,
or more times the lengths of the glands;, and after
3 hrs. the cells of all the tentacles were affected for
one-third or one-half of their entire lengths. Hence
there can be no doubt that the exposure of leaves to
carbonic acid either stops for a time the process oi
aggregation, or checks the transmisson of the proper
influence when the glands are subsequently excited
by carbonate of ammonia; and this substance acts
more proirfptly and energetically than any other. It
is known that the protoplasm of plants exhibits its
gpontaneous movements only as long as it is in an
oxygenated condition; and so it is with the white
corpuscles of the blood, only as long as they receive
oxygen from the Ted corpuscles;* but the cases above
given are somewhat different, as they relate to the
delay in the generation or aggregation of the masses
of protoplasm by the exclusion of oxygen.

Summary and Concluding Remarks.—T he process ot
aggregation is independent of the inflection of the
tentacles and of increased secretion from the glands.
It commences within the glands, whether these have
been directly excited, or indirectly by a stimulus
received from other glands. In both cases the pro-
cess is transmitted from cell to cell down the whole
length of the tentacles, being arrested for a short
time at each transverse partition. With pale-coloured
leaves the first change which is perceptible, but only

» With respect to plants, Sachs, * Quarterly Journal of Micro-
'‘Traité do Bot.f 3rd edit.,, 1874, scopical Science,’ April 1874, p.
p. 8U4. On blood corpuscles, sec 185!
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under a high power, is the appearance of the finest
granules in the fluid within the cels, making it
slightly cloudy. These granules soon aggregate into
small globular masses. | have seen a cloud of this
kind appear in 10 s. after a drop of *a solution of car-
bonate of ammonia had been given to agland. With
dark red leaves the first visble change often is the
converson of the outer layer of the fluid within the
<*dls into bag-like masses. The aggregated masses,
however they may have been developed, incessantly
change their forms and positions. They are not filled
with fluid, but are solid to their centres. Ultimately
the colourless granules in the protoplasm which flows
round the wals codesce with the central spheres or
masses; but there is still a current of limpid fluid
flowing within the cells. As soon as the tentacles
fully re-expand, the aggregated masses are redis
solved, and the cells become filled with homogeneous
purple fluid, as they were at first. The process of re-
dissolution commences at the bases of the tentacles,
thence proceeding upwards to the glands; and, there-
fore, in areversed direction to that of aggregation.

Aggregation is excited by the most diversfied
causes—by the glands being severd times touched—
by the pressure of particles of any kind, and as these
are supported by the dense secretion, they can hardly
press on the glands with the weight of a millionth of
a grain,*—»by the tentacles being cut df close beneath

* According to Hofmeister (as
quoted by Sachs«Traite' deBot.'
1874, p. 958), very dlight pros
pUro ol the cdl-membrane arrests
immediately the movements of
"\e protoplagmn, and even deter-
»Nnes its separation from tho
walls. But tho process of aggre-

gation is a different phenomenon,
as it relates to the contents of the
cells, and only secondarily to the
layer of protoplasm which flows
alonjc the walla; though no doubt
tho effects of pressure or of a
touch on the outsde must bo
transmitted through this layer.
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the glands,—Dby the glands absorbing various fluids or
matter dissolved out of certain bodies—by exosmose—
and by a certain degree of heat. On the other hand,
a temperature of about 150° Fahr. (65°5 Cent.) does
not excite aggregation; nor does the sudden crushing
of a gland. If acell isruptured, neither the exuded
matter nor that which still remains within the tell
undergoes aggregation when carbonate of ammonia is
added. A very strong solution of this salt and rather
large bits of raw meat prevent the aggregated masses
being well developed. From these facts we may con-
clude that the protoplasmic fluid within a cell does
not become aggregated unless it be in a living state,
and only imperfectly if the cell has been injured. \Jfe
have also seen that the fluid must be in an oxygen-
ated state, in order that the process of aggregation
should travel from cell to cell at the proper rate.
Various nitrogenous organic fluids and salts of am-
monia induce aggregation, but in different degrees
and at very different rates. Carbonate of ammonia is
the most powerful of all known substances; the ab-
sorption of TTTver of a grain (000482 mg.) by a gland
auffices to cause all the cells of the same tentacle to
become aggregated. The first effect of the carbonate
and of certain other salts of ammonia, as well as of
some other fluids, is the darkening or blackening of
the glands. This follows even from long immersion
in cold distilled water. It apparently depends in
chief part on the strong aggregation of their cell-
contents, which thus become opagque, and do not
reflect light. Some other fluids render the glands of
a brighter red; whilst certain acids, though much
diluted, the poison of the cobra-snake, &c., make the
glands perfectly white and opaque; and this seems to
depend on the coagulation of their contents without
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any aggregation. Nevertheless, before being thus
affected, they are able, at least in some cases, to excite
aggregation in their owvn tentacles.

That the central glands, if irritated, send centri-
fugaly some influence to the exterior glands, causing
them to send back a centripetal influence inducing
aggregation, is perhaps the most interesting fact given
in this chapter. But the whole process of aggrega
tion is in itsaf a striking phenomenon. Whenever
the peripheral extremity of a nerve is touched or
pressed, and a sensation is fdlt, it is believed that an
invisible molecular change is sent from one end of the
nerve to the other; but when a gland of Drosera is
repeatedly touched or gently pressed, we can actually
see a molecular change proceeding from the gland
down the tentacle; though this change is probably of
a very different nature from that in a nerve. Finally,
as s0 many and such widdy different causes excite
aggregation, it would appear that the living matter
within the gland-cells is in so unstable a condition
that amost any disturbance auffices to change its
molecular nature, as in the case of certain chemical
compounds. And this change in the glands, whether
excited directly, or indirectly by a stimulus received
from other glands, is transmitted from cell to cdll,
causing granules of protoplasm either to be actually
generated in the previoudy limpid fluid or to codesce
and thus to become visible.

Supplementary Observations on the Process of Aggre-
gation in the Roots of Plants.

It will hereafter bo seen that a weak solution of the car-
bonate of ammonia induces aggregation in the cells of the roots
of Drosera; and this led me to make a few trials on the roots
of other plants. | dug up in the latter part of October the
tirst wead which | met with, viz. Euphorbiaite}>Ittshw\yj rvnv-



64 DBOSERA ROTUNDIPOLIA. CHAP. | I1.

ful not to injure tlio roots; these were washed and placed in a
little solution of one part of carbonate of ammonia to 146 of
water. In less than one minute | saw a cloud traveling from
cell to cdl up theroots, with wonderful rapidity. After from
8 m. to 9 m. the fine granules, which caused this cloudy appear-
ance, became aggregated towards the extremities of the roots
iuto quadrangular masses of brown matter; and some of these
soon changed their forms and became spherical. Some of the
cells, however, remained unaffected. | repeated the experi-
ment with another plant of the same species, but before | could
got the specimen into focus under the microscope, clouds of
granules and quadrangular masses of reddish and brown
matter were formed, and had run far up all theroots. A fresh
root was now left for 18 hrs in a drachm of a solution of one
part of the carbonate to 437 of water, so thrfic it received J of
a grain, or 22024 nig. When examined, the cells of all the
roots throughout their whole length contained aggregated
masses of reddish and brown matter. Before making these
experiments, several roots were closdy examined, and not a
trace of the cloudy appearanco or of the granular masses could
be seen in any of them. Hoots were also immersed for 35 m.
in a solution of one part of carbonate of potash to 218 of water;
but this salt produced no effect.

| may here add that thin dices of the stem of the Euphorbia
wero placed in the same solution, and the cells which were
greeu instantly became cloudy, whilst others which were before
colourless were clouded with brown, owing to the formation of
numerons granules of this tint. | have also scon with various
kinds of leaves, left for some time in a solution of carbonate of
ammonia, that the grains of chlorophyll ran together and
partially coalesced; and this seems to be a form of aggregation.

Plants of duck-weed (Lcmna) were left for between 30 m. and
46 m. in a solution of one part of this same salt to 146 of water,
and tliree of their roots were then examined. In two of them,
all the cells which had previoudy contained only limpid fluid
now included little green spheres. After from li hr. to 2 hrs.
smilar spheres appeared in the colls on the borders of the
leaves, but whether the ammonia had travelled up the roots or
had been directly absorbed by the leaves, | cannot say. Asone
gpecies, Lemna arrhiza, produces no roots, the latter alternative
IS perhaps the most probable. After about 21 hrs. some of the
little green spheres in the roots were broken up into small
granules which exhibited Brownian movements. Some duck-
weed was also left for 1 hr. 30 m. in a solution of one part of
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carbonate of potash to 218 of water, and no decided change
could be perceived in the cells of the roots, but when these
same roots wore placed for 25 m. in a solution of carbonate of
ammonia of the same strength, little green sphereswere formed.

A green marine alga was left for some time in this same solu-
tion, but was very doubtfully affected. On the other hand, a
red marine alga, with finely pinnated fronds, was strongly
affected. The contents of the colls aggregated themselves into
broken rings, still of a red colour, which very slowly and
dlightly changed their shapes, and the central spaces within
these rings became cloudy with red granular matter. The
facts here given (whether they are now, | know not) indicate
that interesting results would perhaps be gained by observing

the action of various saline solutions and other fluids on the
roots of plants.
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CHAPTEE V.

THE EFFECTS OF HEAT ON THE LEAVES

Nature of the experiments — Effects of boiling water — Warm water

- causss rapid inflection — Water at a higher temperature does not
cause immediate inflection, but does not kill the leaves, as shown
by their subsequent re-expansion and by the aggregation of the
protoplasn — A still higher temperature kills the leaves and
coagulatesthe albuminous contents of JX1G glangs

IN my observations on Drosera rotundifolia, the leaves
seemed to be more quickly inflected over animal sub-
stances, and to remain inflected for a longer period
during very wam than during cold weather. |
wished, therefore, to ascertain whether heat aone
would induce inflection, and what temperature was
the mos efficient. Another interesting point pre-
sented itsdlf, namely, at what degree life was extin-
guished ; for Drosera offérs unusual facilities in this
respect, not in the loss of the power of inflection, but
in that of subsequent re-expansion, and more espe-
cidly in the falure of the protoplasm to become
aggregated, when the leaves after being heated. are
immersed in a solution of carbonate of ammonia*

*. When my experimentson the

cludes that the protoplasm with-
effects of heat were made, | was

in their cells always coagulates,

not aware that the subject had
been carefully investigated by
several observers  For instance,
Sachs is convinced (‘Traité de
Bntanique/ 1874, pp. 772, 854)
tliat the mog different kinds of
plants all perish if kept for 10 m.
In water at 45° to 4tj° Cent., or
113° to 115°Fahr.; and he con-

if in a damp condition, at a tem-
perature of between 50° and 60°
Cent., or 122° to 140° Fahr. Max
fcchultze and Kiihne (as quoted
by Dr. Bastian in 'Contcmp.
Review," 1874, p. 528) "found
that the protoplasm of plant-
cells, with which they experi-
mentcd, was always killed and
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My experiments were tried in the fdlow ing manner. Leaves
were cut off, and this does not in the least interfere with their
powers, for instance, three cut-off leaves, with hits of meat
placed on them, were kept in a damp atmosphere, and after
23 hrs. closely embraced the meat both with ther ten-
tacles and blades;, and the protoplasm within their cellswas
wdl aggregated. Three ounces of doubly distilled water was
heated in a porcdain vessel, with a ddicate thermometer
having a long bulb obliqudy suspended in it. The water was
gradually raised to the required temperature by a spirit-lamp
moved about under the vessel; and in all cases the leaves
were continually waved for some minutes close to the bulb.
They were then placed in cold water, or in a solution of car-
bonate of ammonia. In other cases they were left in the water,
which had bcentaised to a certain temperature, until it cooled.
Again in other cases the leaves were suddenly plunged into
water of a certain temperature, and kept there for a secified
time. Conddering that the tentacles are extremely ddlicate,
and that their coats are very thin, it seems scarcdy possble
that the fluid contents of ther cells should not have been
héated to within a degree or two of the temperature of the
surrounding water. Any further precautions would, | think,
have been superfluous, asthe leaves from age or constitutional
causes differ dightly in their sensitiveness to heat.

It will be convenient first briefly to describe ths effects of
immergon for thirty seconds in boiling water. The leaves are
rendered flaccid, with ther tentacles bowed backwards, which,
as we shall see in a future chapter, is probably due to their
outer surfaces retaining their elasticity for a longer period than
their inner surfaces retain the power of contraction. The
purple fluid within the cells of the pedicds is rendered finely
granular, but thereis no true aggregation; nor doesthis follow

altered by a very brief expo-
syre to a temperature of 118J°
lahr. as a maximum." As my
results are deduced from special
phenomena, namely, the subse-
quent aggregation of the proto-
plasm and tho re-expansion of
the tentacles, they seem to me
worth giving. We shall find that
J'rosera resists heat somewhat
better than most other plants.
That there should be consider-

able differences hi this n>i>fa't is
not surprising, -considering that
some low vegetable organisms
grow in hot springs—cases of
which have been collected by
Prof. Wyman (" American Journal
of Science,' vol. xliv. 18>7). Thus,
Dr. Hooker found Conferva) in
water at 1<>8 Fahr.; Humboldt,
at 185° Fahr.; and Descloizeaux,
at 208° Fahr.

F 2
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when the leaves are subsequently placed in a solution of car-
bonate of ammonia. But the most remarkable change is that
the glands become opaque and uniformly white; and this may
bo attributed to the coagulation of their albuminous contents.

My firg and preiminary experiment consisted in putting
seven leavesin the same vessd of water, and warming it dowly
up to the temperature of 110° Fahr. (43°*3 Cent.); aleaf being
taken out as soon as the temperature rose to 80° (26°'6 Cent.),
another at 85°, another at 90°, and so on. Each leaf, when taken
out, was placed in water at the temperature of my room, and
the tentacles of all soon became dlightly, though irregularly,
inflected. They were now removed from the cold water and
kept in damp air, with bits of meat placed on ther discs.
Tho leaf which had been exposed to the temperature of 110°
became in 15 m. greatly inflected; and in 2 hrs. every single
tentacle closely embraced the meat. So it was, but after rather
longer intervals, with the six other leaves. It appears, there-
fore, that the warm bath had increased their senstiveness
when oxcited by meat.

J next observed tho degree of inflection which leaves under-
wont within stated periods, whilst still immersed in warm
water, kept as nearly as possble at the same temperature; but
| will hero and esawhere give only a few of the many trials
made. A leaf was left for 10 m. in water at 100° (37°*7 Cent.),
but no inflection occurred. A second leaf, however, treated in
the same manner, had a few of its exterior tentacles very
dightly inflected in 6 m., and several irregularly but not closdly
inflected in 10 m. A third leaf, kept in water at 1*)5° to 106°
(4075 to 41°1 Cent.), was very moderatdy inflected in 6 m.
A fourth leaf, in water at 110° (43°'3 Cent.), was somewhat in-
flected in 4 m., and consderably soin from G m.to 7 m.

Three leaves were placed in water which was heated rather
quickly, and by the time the temperature rose to 115°—116°
(4(5°' to 46*0G Cent.), all three were inflected. | then removed
the lamp, and in a few minutes every single tentacle was
closdy inflected. The protoplasm within the cells was not
Killed, for it was seen to be in distinct movement; and the
leaves, having been left in cold water for 20 hrs., re-expanded.
Another leaf was immersed in water at 100° (37°*7 Cent.), which
wa3 raised to 120° (48°'8 Cent.); and all the tentacles, except
the extreme marginal ones, soon became closely inflected
The leaf was now placed in cold water, and in 7 hrs 30 m. it
had partly, and in 10 lire, fully, re-expanded. On the follow-
Ing morning it was immersed in a weak solution of carbonate of
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ammonia, and the glands quickly became black, with strongly
marked aggregation in the tentacles, showing that the proto-
plasm was alive, and that the glandshad not lost their power of
absorption. Ancther leaf was placed in water at 110° (43° 3
Cent.) which was raised to 120° (48*8 Cent.); and every ten-
tacle, excepting one, was quickly and closdly inflected. This lent’
was now immersed in a few drops of a strong solution of car-
bonato of ammonia (one part to 109 of water); in 10 m. all the
glands became intensdly black, and in 2 hrs. the protoplasm in
the cells of the pedicels was well aggregated. Another leaf was
suddenly plunged, and as usual waved about, in water at 120°,
and the tentacles became inflected in from 2in. to 3 m., but
only so as to stand at right angles to thedisc. The leaf was
now placed in the same solution (viz. one part of carlx>nate of
ammonia to 109 of water, or 4 grs. to 1 oz, which | will for
the future designate as the strong solution), and when | looked
at it again after the interval of an hour, the glands were
blackened, and there was well-marked aggregation. After an
additional interval of 4 hrs. the tentacles had become much
more inflected. It deserves notice that a solution as strong as
this never causes inflection in ordinary cases. Lastly a leaf
was suddenly placed in water at 125° (51°'6 Cent.), and was
left in it until the water cooled; the tentacles were rendered
of a bright red and soon became inflected. The contents of
the cels underwent some degree of aggregation, which in
the course of three hours increased; but the masses of proto-
plasm did not become spherical, as almost always occurs with
leaves immersad in a solution of carbonate of ammonia.

We learn from these cases that a temperature of
from 120° to 125° (48°-8 to 51°-6 Cent.) excites'the
tentacles into quick movement, but does not kill the
leaves, as shown either by their subsequent re-expansion
or by the aggregation of the protoplasm. We shall
now see that a temporature of 130° (54°“4 Cent.) js too
high to cause immediate inflection, yet does not Kill
the leaves.

Experiment 1—A leaf was plunged, and as in_all casss
waved about for a few minutes, in water at 130° (54°°4 Cent.),
but there was no trace of inflection; it was then placed in cold
water, and after an interval of 15 m. very dow movement was
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distinctly seen in a small mass of protoplasm in one of the cells
of a tentacle* After a few hours all the tentacles and the
blade became inflected.

Etp-riment 2—Another leaf was plunged into water at 130°
to 131°, and as before there was no inflection. After being kept
in cold water for an hour, it was placed in the strong solution
of ammonia, and in the course of 55 m. the tentacles were con-
sderably inflected. The glands, which before had been rendered
of a brighter red, were now blackened. The protoplasm in the
cells of the tentacles was distinctly aggregated; but the spheres
were much smaller than those usually generated in unhcated
leaves when subjected to carbonate of ammonia. After an
additional 2 hrs. all the tentacleﬁ excepting six or seven, were
closdly inflected.

Experiment 3—A smllar experiment to the last, with exactly
the same results.

Experiment 4—A fine leaf was placed in water at 100° (37°'7
Cent.), which was then raised to 145° (62°-7 Cent.). Soon after
Immerson, there was, as might have been expected, strong
inflection. The leaf was now removed and left in cold water;
but from having been exposed to so high a temperature, it
never re-expanded.

Experiment 5—Leaf immersed at 130° (54°'4 Cent.), and the
water raised to 145° (62°" 7 Cent.), there was no immediate in-
flection ; it was then placed in cold water, and after 1 hr. 20 m.
some of the tentacles on one sde became inflected. This
leaf was now placed in the strong solution, and in 40 m. all
the submarginal tentacles were well inflected, and the glands
blackened. After an additional interval of 2 hrs. 45 m. all the
tentacles, except eight or ten, were closdly inflected, with their
cells exhibiting a slight degree of aggregation; but the spheres
of protoplasm were very small, and the cells of the exterior
tentacles contained some pulpy or disintegrated brownish
matter.

Experiments 6 and 7—Two leaves were plunged in water at
135° (57°" 2 Cent.) which wasraised to 145° (62° « 7 Cent.); neither
became inflected. One of these, however, after having been left
for 31 m. in cold water, exhibited some dight inflection, which
increased after an additional interval of 1 hr. 45 m., until

* Sachs states (' Traité de Bo-  after they were exposed for 1 m.
tanique,' 1874, p. 855) that the in water to a temperature of 47°
movements of the protoplasm in to -18° Cent., or 117° to 119°
the hairs of a Cucurbita ceased  Fahr.
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all the tentacles, except sixteen or seventeen, were more or less
inflected; but the leaf was so much injured that it never re-
expanded. The other leaf, after having been left for half an
hour in cold water, was put into the strong solution, but no
inflection ensued; the glands, however, were blackened, and in
some cells there was a little aggregation, the spheres of proto-
plasm being extremely small; in other cells, especially in the
exterior tentacles, there was much greenish-brown pulpy
matter.

Experiment 8—A leaf was plunged and waved about for a
few minutes in water at 140° (60° Cent.), and was then |eft for
half an hour in cold water, but there was no inflection. It was
now placed in the strong solution, and after 2 hrs. 30 m. the
inner submarginal tentacles were well inflected, with their
glands blackened, and some imperfect aggregation in the cells
of the pedicels. Three or four of the glands were spotted with
the white porcdain-like structure, like that produced by boiling
water. | have seen this result in no other instance after an
immergon of only a few minutes in water at so low a tempe-
rature as 140°, and in only one leaf out of four, after a smilar
Immersion at atemperature of 145° Fahr. On the other hand,
with two leaves, one placed in water at 145° (62°'7 Cent.), and
the other in water at 140° (60° Cent.), both being left therein
until the water cooled, the glands of both became white and
porcelain-like. So that the duration of the immerdson is an
important dement in the result.

Experiment 9—A leaf was placed in water at 140° (60° Cent.),
which was raised to 150° (63°« 5 Cent.); there was no inflection;
on the contrary, the outer tentacles were somewhat bowed back-
wards. The glands became like porcdain, but some of them
were a little mottled with purple. The bases of the glandswere
often more affected than their summits. This leaf having been
left in the strong solution did not undergo any inflection or
aggregation.

Experiment 10—A leaf was plunged in water at 150° to 150i°
(605 Cent.); it became somewhat flaccid, with the outer ten-
tacles dightly reflexed, and the inner ones a little bent inwards,
but only towards their tips; and this latter fact shows that the
movement was not one of true inflection, as the basal part
alone normally bends. The tentacles were as usual rendered of *
a very bright red, with the glands almost white like porcdain,
yet tinged with pink. The leaf having been placed in the
strong solution, the cell-contents of the tentacles became of a
muddy brown, with no trace of aggregation.
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Experiment 11.—A leaf wasimmersed in water at 145° (62° "7
Cent.), which was raised to 156° (68°'8 Cent.). The tentacles
became bright red and somewhat reflexed, with almost all the
glands like porcelain; those on the disc being still pinkish,
those near the margin quite white. The leaf being placed as
usual firg in cold water and then in the strong solution, the
cellsin the tentacles became of a muddy greenish brown, with
the protoplasm not aggregated. Nevertheless, four of the glands
escaped being rendered like porcelain, and the pedicels of these
glands were spirally curled, like a French horn, towards their
uppe ends; but this can by no means be consdered as a
case of true inflection. The protoplasm within the cells of the
twisted portions was aggregated into distinct though excessively
minute purple spheres.  This case shows clearly that the proto-
plasm, after having been exposed to a high temperature for a
few minutes, is capable of aggregation when afterwards sub-
jected to the action of carbonate of ammonia, unless the heat
has been aufficient to cause coagulation.

Concluding Remarks—Asthehair-like tentacles are
extremely thin and have delicate-walls, and as the
leaves were waved about for some minutes close to the
bulb of the thermometer, it *ssams scarcely possible
that they should not have been raised very nearly
to the temperature which the instrument indicated.
From the éeven last observations we see that a tem-
perature of 130° (54°4 Cent.) never causes the imme-
diate inflection of the tentacles, though a temperature
from 120° to 125° (48°-8 to 51°-6 Cent.) quickly pro-
duces this efect. But the leaves are paradysed only
for a time by a temperature of 130°, as afterwards,
whether left in smple water or in a solution of car-
Lonate of ammonia/they become inflected and their
protoplasm undergoes aggregation. This great dif-
ference in the efects of a higher and lower tempera-
"ture may be compared with that from immersion in-
strong and week solutions of the salts of ammonia; for
the former do not excite movement, wheress the latter
act energetically. A temporary suspenson of the
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power of movement due to heat is called by Sachs*
heat-rigidity; and this in the case of the sensitive-
plant (Mimosa) is induced by its exposure for a few
minutes to humid air, raised to 120°—122° Fahr., or
49° to 50° Cent. It deserves notice that the leaves of
Drosera, after being immersed in water at 130° Fahr.,
are excited into movement by a solution of the car-
bonate so strong that it would paralyse ordinary
leaves and cause no inflection.

The exposure of the leaves for a low minutes even
to a temperature of 145° Fahr. (62°°7 Cent.) does not
always kill them; as when afterwards left in cold
water, or in a strong solution of carbonate of ammo-
nia, they generally, though not always, become in-
flected ; and the protoplasm within their cells under-
goes aggr egation, though the spheres thus formed are
extremely small, with many of the cells partly filled
with brownish muddy matter. In two instances, when
leaves were immersed in water, at a lower temperature
than 130° (54°-4 Cent.), which was then raised to 145°
(GF*7 Cent.), they became during the earlier period
of immersion inflected, but on being afterwards left
T+ cold water were incapable of re-expanson. Ex-
posure for a few minutes to a temperature of 145°
sometimes causes some few of the more sensitive
glands to be speckled with the porceain-like appear-
ance; and on one occasion this occurred at a tempera-
ture of 140° (60° Cent.). On another occasion, when
a leaf was placed in water at this temperature of only
140°, and left therein till the water cooled, every
gland became like porcelain. Exposure for a few
minutes to a temperature of 150° (<X5 Cent.) gene
rally produces this effect, yet many glands retain a

* {Traité de Bot.' 1874, p. 1034.
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pinkish colour, and many present a speckled appear-
ance. This high temperature never causes true inflec-
tion; on the contrary, the tentacles commonly become
reflexed, though to a less degree than when immersed
in boiling water; and this apparently is due to thaT
passive power of elasticity. After exposure to a tem-
perature of 150° Fahr., the protoplasm, if subsequently
subjected to carbonate of ammonia, instead of under-
going aggregation, is converted into disintegrated or
pulpy discoloured matter. In short, the loaves are
generally killed by this degree of heat; but owing to
differences of age or constitution, they vary somewhat
in this respect. In one anomaous case, four out ol
the many glands on a leaf, which had been immersed
in water raised to 156° (6878 Cent.), escaped being
rendered porcellanous; * and the protoplasm in the
cels close beneath these glands underwent some
dlight, though imperfect, degree of aggregation.

Finally, it is a remarkable fact that the leaves of
Drosera rotwidifolia, which flourishes on bleak upland
moors throughout Great Britain, and exists (Hooker)
within the Arctic Circle, should be able to withstand
for even a short time immersion in water heated to a
temperature of 145°t

It may be worth adding that immerson in cold

* As the opacity and porcelain-
like appearance of the glands is
probably due to the coagulation
of the albumen, | may add, on the
authority of Dr. Burdon Sander-
son, that albumen coagulates at
about 155°, but, in presence of
acids, the temperature of coagula-
tion is lower. The leavesof Dro-
sera contain an acid, and perhaps
a difference in the amount con-

differences in the results above
recor ded.

f It appears that cold-blooded
animals are, as might have been
expected, far more sensitive to an
increase of temperature than is
Drosera. Thus, asl hear from Dr.
Burdon Sanderson, a frog begins
to be distressed in water at a tem-
perature of only 85° Fahr. At 95°
the muscles become rigid, and the

tained may account for the slight animal dies in a stiffened condition.
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water does not cause any inflection: | suddenly placed
four leaves, taken from plants which had been kept for
severa days at a high temperature, generally about
75° Fahr. (23°-8 Cent.), in water at 45° (7°-2 Cent), but
they were hardly at all affected’; not so much as some
other leaves from the same plants, which were a the
same time immersed in water at 75°; for these became
in a slight degree inflected.
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CHAPTEE V.

THE EFFECTS OF NOX-NITRCXIENOUS AXD NITROGENOUS ORGANIC FLUIDS
ON THE LEAVES.

Non-nitrogenous fluids—Solutions of gum arabic — Sugar — Starch
— Diluted alcohol — Olive oil — Infunion and decoction of tea—
Nitrogenous fluids — Milk — Urine — Liquid albumen — Infusion
of raw meat — Impure mucus — Saliva — Solution of isinglass —
Difference in the action of these two sets of fluids — Decoction of

green peas— Decoction and infusion of cabbage—Decoction of
grass leaves.

WHEN, in 1860,1 first observed Droscra, and was led to
believe that the leaves absorbed nutritious matter from
the insects which they captured, it seemed to me a
good plan to make some preliminary trials with a few
common fluids, containing and not containing nitro-
genous matter; and the results are worth giving.

In all the following cases a drop was dlowed to fall
from the same pointed instrument on the centre of the
leaf; and by repeated trials one of these drops was
ascertained to be on an average very nearly hdf a
minim, or - of afluid ounce, or -0295 ml. But these
measurements obvioudy do not pretend to any strict
accuracy; moreover, the drops of the viscid fluids were
plainly larger than those of water. Only one leaf on
the same plant was tried, and the plants were col-
lected from two distant localities. The experiments
were made during August and September.  In judging
of the effects, one caution is necessary: if a drop of
any adhesive fluid is placed on an old or feeble Ied,
the glands of which have ceased to secrete copioudy,
the drop sometimes dries up, especidly if the plant
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IS kept in a room, and some of the central and sub-
margina tentacles are thus drawn together, giving to
them tfie fdse appearance of having become inflected.
This sometimes occurs with water, as it is rendered
adhesve by mingling with the viscid secretion.
Hence the only sdfe criterion, and to this aone |
have trusted, is the bending inwards of the exterior
tentacles, which have not been touched by the fluid, or
a most only at their bases. In this case the move-
ment is wholly due to the central glands having been
stimulated by the fluid, and transmitting a motor
impulse to the exterior tentacles. The blade of the
leef likewise often curves inwards, in the same manner
us when an insect or bit of meat is placed on the
disc. This latter movement is never caused, as far
as | have seen, by the mere drying up of an ad-
hesve fluid and the consequent drawing together of
the tentacles.

. First for the non-nitrogenous fluids. As a pre-
uminary trial, drops of distilled water were placed on
between thirty and forty leaves, and no effect whatever
was produced; nevertheless, in some other and rare
'uxs a faw tentacles became for a short time in-
liected; but this may have been caused by the
glands having been accidentally touched in getting
the leaves into a proper podtion. That water should
produce no effect might have been anticipated, as
othewise the leaves would have been excited into
movement by every shower of rain.

Gum gralric.—Solutionsof four degrees of strength were made;
one of six grains to the ounce of water (one part to 73); a second
Lather stronger, yet very thin ; a third moderately thick, and a
fourth so thick that it would only just drop from a pointed
Instrument. These were tried on fourteen leaves; the drops
tomg left on the discs from 24 lire, to U hrs.; generally about
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30 hrs. Inflection was never thus caused. It is necessary
to try pure gum arabic, for a friend tried a solution bought
ready prepared, and this caused the tentacles to bend; but he
afterwards ascertained that it contained much animal matter,
probably glue.

Sugar.—Drops of a solution of white sugar of three strengths
(the weakest containing one part of sugar to 73 of water) were
left on fourteen leaves from 32 hrs. to 48 hrs.; but no effect was
produced.

Starch.—A mixture about asthick ascream was dropped on
six leaves and left on them for 30 hrs., no effect being produced.
| am surprised at this I'ad, as | believe that the starch of com-
merce generally contains a trace of gluten, and this nitrogenous
substance causes inflection, as we shall see in the next chapter.

Alcohol, Diluted.—One part of alcohol was added to seven of
water, and the usual drops were placed on the discs of three
leaves. No inflection ensued in the course of 48 hrs.  To ascer-
tain whether these leaves had been at all injured, bits of meat
were placed on them, and after 24 hrs. they were closdy inflected.
| also put drops of sherry-wine on three other leaves; no inflec-
tion was caused, though two of them seemed somewhat injured.
We shall hereafter seethat cut-off leaves immersed in diluted
alcohal of the above strength do not become inflected.

Olive Oil.—Dr opswereplaced on thediscsof eleven leaves, and
no effect was produced in from 24 hrs, to 48 hrs. Four of these
leaves were then tested by bits of meat on ther discs, and three
of them were found after 24 hrs. with all their tentacles and
blades closdly inflected, whilst the fourth had only a few ten-
tacles inflected. It will, however, be shown in a future place,
that cutoff leaves immersed in olive ail are powerfully affected.

I nfusion ami Decoction of Tea.—Dropsof astronginfusion and
decoction, as well as of a rather weak decoction, of tea were
placed on ten leaves, none of which became inflected. | after-
wards tested three of them by adding bits of meat to the drops
which still remained on their discs, and when | examined them
after 24 hrs. they were closdly inflected. The chemical principle
of tea, namdy theine, was subsequently tried and produced no
effect. The albuminous matter which the leaves must originally
have contained, no doubt, had been rendered insoluble by their
having been completely dried.

~ We thus see that, excluding the experiments with
water, sixty-one leaves were tried with drops of the
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above-named non-nitrogenous fluids, and the tentacles
were not in a single case inflected.

With respect to nitrogenous fluids, the firs which came to
hand were tried. The experiments were made at the same
time and in exactly the same manne as the foregoing.
As it was immediately evident that these fluids produced a
great effect, | neglected in most cases to record how soon tho
tentacles became inflected. But this always occurred in less
than 24 hrs.; whilst the drops of non-nitrogenous fluids which
produced no effect were observed in every case during a
consderably longer period.

Milk.—Dropswere placed on sixteen leaves, and the tentacles
of all, as well as the blades of several, soon became greatly
inflected. The periods were recorded in only three cases,
namely, with leaves on which unusually small drops had been
placed. Ther tentacles were somewhat inflected in 45 m.;
and after 7 hrs. 45 m. the blades of two were so much curved
inwards that they formed little cups enclosng the drops.
These leaves re-expanded on the third day. On another occa-
gon the blade of a leaf was much inflected in 5 hrs. after a
drop of milk had been placed on it.

Human Urine—Dropswereplaced on twelve leaves, and the
tentacles of all, with a single exception, became greatly inflected.
Owing, | presume, to differences in the chemical nature of the
urine on different occasions, the time required for the movements
of the tentacles varied much, but was always effected in under
% hrs. In two instances | recorded that all the exterior ten-
tacles were completdy inflected in 17 hrs., but not the blade of
the leef. In another case the edges of a ledf, after 25 hrs
<0 m., became 0 strongly inflected that it was converted into a
cup. The power of urine does not lie in the urea, which, as
we shall hereafter see, isinoperative.

Albumen (fresh from a hen's egg), placed on seven leaves,
caused the tentacles of six of them to be wdl inflected. 1n one
gae the edge of the leaf itself became much curled in after
*Q hrs.  The one leaf which ‘was unaffected remained so for
*0 hrs, and was then treated with a drop of milk, and this
caused the tentacles to bend inwardsin 12 hrs.

. Cold Filtered Infusion of Saw Meat—Thiswas tried only on a

ngleleaf which had most of its outer tentacles and the blade
|nflected in 19 hrs. During subsequent years, | repeatedly
used this infusion to test leaves which had been experimented
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on with other substances, and it was found to act most ener-
getically, but as no exact account of these trials was kept, they
are not here introduced.

Mucus—Thick and thin mucus from the bronchial tubes,
placed on three leaves, caused inflection. A leaf with thin
mucus had its marginal tentacles and blade somewhat curved
inward in 5 hrs. HO m., and greatly soin 20 hrs. The action of
this fluid no doubt is due ether to the saliva or to some albu-
minous matter™ mingled with it, and not, as we shall see in the
next chapter, to mucin or the chemical principle of mucus.

Kaliva—Human saliva, when evaporated, yiedsf from 114 to
TL9 per cent, of residue; and this yields 0*2 per cent, of ashes,
su that the proportion of nitrogenous matter which saliva con-
tains must be small. Nevertheless, drops placed on the discs of
eight leaves acted on them all. In one case all the exterior ten-
tacles, excepting nine, were inflected in 19hrs. 30m.; in another
cae a few became s0in 2 hrs,, and after 7 hrs. 30 m. all those
stuated near where the drop lay, as well as the blade, were
acted on. Since making these trials, | have many scores of
times just touched glands with the handle of my scalpd wetted
with saliva, to ascertain whether a leaf was in an active condi-
tion; for this was shown in the course of a few minutes by the
landing inwards of the tentacles. The edible nest of the Chinese
swallow is formed of matter secreted by the salivary glands; two
grainswere added to one ounce of distilled water (one part to 218),
which was boiled for several minutes, but did not dissolve the
whole. The usual-sized drops were placed on three leaves, and
these in 1 hr. 30 m. were well, and in 2 hrs. 15 m. closdly,
inflected.

Jsiiiyla& s—Dropsof a solution about asthick asmilk, and of
a still thicker solution, wore placed on eight leaves, and the ten-
tacles of all became inflected. In one case the exterior tentacles
were well curved in after 6 hrs. 30 m., and the blade of the leaf
to a partial extent after 24 hrs. As saliva acted so efficiently,
and yet contains so small a proportion of nitrogenous matter, |
tried how small a quantity of isinglass would act. Oue part was
dissolved in 218 parts of distilled water, and drops were placed
on four leaves. After 5 hrs. two of these were consderably and
two moderately inflected; after 22 hrs. the former were greatly
and the latter much more inflected. In the course of 48 hrs.

* Mucus from the air-passages  to contain some albumen,
is said in Marshall, 'Outlines of t M tiller'sElements of Physio-
Physiology,’ vol. ii. 1807, p. 3C4, logy/ Eng. Trans, val. i. p. 514.
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from the time when the drops were placed on the leaves, all
four had almost re-expanded. They were then given little bits
of meat, and these acted more powerfully than the solution.
One part of isinglass was next dissolved in 437 of water; the
fluid thus formed was so thin that it could not be distinguished
from pure water. The usual-sized dropswere placed on seven
leaves, each of which thus received {jfoy of a grain (‘0295 mg.).
Three of them were observed for 41 hrs, but werein no way
affected; the fourth and fifth had two or three of their exterior
tentacles inflected after 18 hrs.; the sixth had a fev more;
and the seventh had in addition the edge of the leaf just
perceptibly curved inwards. The tentacles of the four latter
leaves began to re-expand after an additional interval of only
8 hrs. Hence thegJ ,, of a grain of isinglass is sufficient to affect
very dightly the more sensitive or active leaves.  On one of the
leaves, which had not been acted on by the weak solution, and on
another, which had only two of its tentacles inflected, drops of
the solution as thick as milk were placed; and next morning,
after an interval of 16 hrs, both were found with all their ten-
tacles strongly infWiril.

Altogether 1 experimented on sixty-four leaves
with the above nitrogenous fluids, the five leaves
tried only with the extremely wesk solution of isin-
glass not being included, nor the numerous trials
subsequently made, of which no exact account was
kept. Of these sixty-four leaves, sixty-three had their
tentacles and, often their blades wel inflected. The
sne which faled wes probably too old and torpid.
U to obtain 0 large a proportion of successul
oases, care must be taken to sdlect young and active
leaves. Leaves in this condition were chosen with
equal care for the sixty-one trials with non-nitro-

#genous fluids (water not included); and we have seen
that not one of these was in the least afected. WV
ttay therefore safely conclude that in the sixty-four
experiments with nitrogenous fluids the inflection of
the exterior tentacles was due to the absorption of

a
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nitrogenous matter by the glands of the tentacles
on the disc.

Some of the leaves which were not affected by the
non-nitrogenous fluids were, as above stated, imme-
diately afterwards tested with bits of meat, and were
thus proved to be in an active condition. But in
addition to these trials, twenty-three of the leaves,
with drops of gum, syrup, or starch, still lying on
their discs, which had produced no effect in the course
of between 24 hrs. and 48 hrs., were then tested with
drops of milk, urine, or dbumen. Of the twenty-three
leaves thus treated, seventeen had their tentacles, and
in some cases their blades, wdl inflected; but their
powers were somewhat impaired, for the rate of move-
ment was decidedly dower than when fresh leaves
were treated with these same nitrogenous fluids. This
impairment, as wdl as the insensibility of sx d- the
leaves, may be attributed to injury from exosmose
caused by the density of the fluids placed on their
discs.

The results of a few other experimentswith nitrogenous fluid
may bo here conveniently given. Decoctions of some vegetables
known to be rich in nitrogen, were made, and these acted like
animal fluids. Thus, a few yreen pkw were boiled for some time
in distilled water, and the moderately thick decoction thusmade
was allowed to settle. Drops of the superincumbent fluid were
placed on four leaves, and when these were looked at after
16 hrs, the tentacles and blades of all were found strongly
inflected. | infer from a remark by Gerhurdt* that legumin is
present in peas "in combination with an alkali, forming an
incoagulable solution,” and this would mingle with boiling

water. | may mention, in relation to the above and following
experiments, that according to Schifft certain forms of albnmen

* Watts 'Diet, of Chemistry/  Digestion,* torn. i. p. 370; torn,
val. 1ii. p. 568. ii* PP- 154,166, on legumin.
t 'Lemons Bur la Phys. de la
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exist which are not coagulated by boiling water, but are con-
verted into soluble peptones.

On three occasions chopped cabbage leaves* were boiled in
distilled water for 1 hr. or for I\ hi*.; and by decanting the
decoction after it had been allowed to rest, a pale dirty green
flud was obtained. Tin: usual-sized drops were placed on
thirteen leaves. Their tentacles and blades were inflected after
*4 hrs, to a quite extraordinary degree. Next day the protoplasm
within the cells of the tentacles was found aggregated in tlie
most strongly marked manner. | aso touched the viscid Bexre
tion round tlio glands of several tentacles with miante drops of
the decoction on the head of asmall pin, and they became wdl
inflected in a fev minutes. The fluid proving so powerful, one
part -wes diluted with three of water, and drops wero placed OS
thfl discs of five leaves; and these next morning were so much
“c'od on that their blades were completely diml tied over. We
thus see that a decoction of cabbage leaves is nearly or quite as
potent as an infusion of raw meat.

About the same quantity of chopped cabbage leaves and "1
distilled water, as in the last experiment, were kept in a vessel
far 20 hrs, in ahot closet, but not heated to near the boiling-
point. Drops of tliis infusion were placed on four leaves. One
of these, after £8 hrs., was much inflected; a second slightly; B
third had only the snbmarginal teni$cles inflected; and the
fourth was not at all affected. The power of this infusion is
therefore very much less than that of the decoction; and itis
clear that the immersion of cabbage leaves for an hour in water
ftt the boiling temperature is much more efficient in exti, iy«
nmtter which excites Drosera than immersion during may,y
hours in warm water. Perhaps the contents of the cdls are
Ptectod (as (Achiff remarks with respect to legumin) by the
walls being formed of cellulose, and that until these are rup-
tured by boiling-water, but little of the contained abuminoid
J/tior is dissolved.  Wo know from the strong odour of cooked
esabbage leaves that boiling water produces some ochenacl
change in them, and that they are thus rendered Ta more
digestible and nutritious to man. It is therefore an interesting

I lie leaves of young plants, and the outer leaves of Cealt+
beforq_ the beart is iorini.l wCh  plants 1:Bper eent. Watts’ * Diet.
* M T Wine, contain.-1 - of Chemistry,' vol. L p. U53.

IPIT <xex % glWnoui matter,

G2
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fact that water at thistemperature extracts matter from them
which excites Drosera to an extraordinary degree. .

Grasses contain far less nitrogenous matter than do peas or
cabbages. Theleaves and stalks of three common kinds were
chopped and boiled for some time in distilled water. Drops
of this decoction (after having stood for 24 hrs) were placed
on six leaves, and acted in a rather peculiar manner, of which
other instances will be given in the seventh chapter on the
salts of ammonia.  After 2 hrs. 30 m. four of the leaves had
their blades greatly inflected, but not their exterior tentacles;
and so it was with all six leaves after 24 hrs. Two days after-
wards the blades, aswell as the few submarginal tentacleswhich
had been inflected, all re-expanded; and much of the fluid on
their discs was by this time absorbed. It appears that the de-
coction strongly excites the glands on the disc, causing the blade
to be quickly and greatly inflected; but that the stimulus, dif-
ferently from what occursin ordinary cases, does not spread, or
. only in a feeble degree, to the exterior tentacles.

| may here add that one part of the extract of beladonna
(piocured from a druggist) was dissolved in 437 of water, and
drops were placed on six leaves. Next day all six were some-
what inflected, and after 48 hrs. were completey re-expanded.
It was not the included atropine which produced this effect, for
| subsequently ascertained that it is quite powerless. | also
procured some extract of hyoscyamus from threo shops, and
mado infusions of the same strength as before.  Of these three
infusons, only one acted on some of the leaves, which were
tried. Though druggists believe that all the albumen is pre-
cipitated in the preparation of these drugs, | cannot doubt that
some is occasonally retained; and a trace would be sufficient
to excite the more sengtive leaves of Drosera
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CHAPTEE VI.

THE DIGESTIVE POWER OF THE SECRETION OF DKOSEHA.

The secretion rendered acid by the direct and indirect excitement of
the glands—Nature of the acid — Digestible substances— Albu-
men, its digestion arrested by alkalies, recommences by the addi-
tion of an acid — Meat — Fibrin — Syntonin — Areolar tissue —
Cartilage— Fibro-cartilage—Bone—Enamel and dentine—Phos-
phate of lime — Fibrous basis of bone — Gelatine — Chondrin —
Milk, casein and cheese— Gluten — L egumin — Pollen — Globulin
s—Htcmatin — I ndigestible substances— Epider mic productions—
Fibro-clastic tissue — M ucin—Pepsin—Ur ea— Chitino— Cedllu-
lose— Gun-cotton — Chlorophyll — Fat and oil — Starch — Action
of the secretion on living seeds— Summary and concluding
remarks

As we have seen that nitrogenous fluids act very
differently on the leaves of Drosera from non-nitro-
genous fluids, and as the leaves remain clasped for a
much longer time over various organic bodies than
over inorganic bodies, such as bits of glass, cinder,
wood, &c., it becomes an interesting inquiry, whether
they can only absorb matter already in solution, or
render it soluble—that is, have the power of digestion.
We shall immediately see that they certainly have this
power, and that they act on albuminous compounds in
exactly the same manner as does the gastric juice of
uuimmalS; the digested matter being afterwards ab-
sorbed. This fact, which will be clearly proved, is a
wonderful one in the physiology of plants. | must
here state that | have been aided throughout all my
later experiments by many valuable suggestions and
assstance &iven me with the.greatest kindness by
I>r. Bunion Sanderson.
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It may be well to premise for the sake of any reader
who knows nothing about the digestion of abunriuous
compounds by animals that this is effected by means
of aferment, pepsin, together with wesk hydrochloric
acid, though amost any acid will serve. Yet neither
pepsin nor an acid by itsdf has any such power.*
We have seen that when the glands of the disc are
excited by the contact of any object, especialy of
one containing nitrogenous matter, the outer ten-
tacles and often the blade become inflected ; the ledf
being thus converted into a temporary cup or sto-
mach. At the same time the disca glands secrete
more copioudy, and the secretion becomes acid.
Moreover, they transmit some influence to the glands
of the exterior tentacles, causing them to pour forth
amore copious secretion, which aso becomes acid or
more acid than it was before.

As this result is an important one, | will give the
evidence. The secretion of many glands on thirty
leaves, which had not been in any way excited, was
tested with litmus paper; and the secretion of twenty-
two of these leaves did not in the least &fect the colour,
whereas that of eight caused an exceedingly feeble
and sometimes doubtful tinge of red. Two other
old leaves, however, which appeared to have been in-
flected severa times, acted much more decidedly on
the paper. Particles of clean glass were then placed
on five of the leaves, cubes of abumen on six, and
bits of raw meat on three, on none of which?was the
secretion at this time in the least acid. After an
interval of 24 hrs., when amost all the tentacles on

* |t appears, however, accord- though slowly, a very minute
ing to Schiff, ami contrary to the  quantity of cogjrufcted albumen,
opinion of some physiologists,  Schiff, 'Phys. do la Digestion/
that weak hydrochloric dissolves, torn. ii. 1867, p. 25.
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these fourteen leaves had become more or less in-
flected, | again tested the secretion, selecting glands
which had not as yet reached the centre or touched
any object, and it was now plainly acid. The degree
of acidity of the secretion varied somewhat on the
glands of the same leaf. On some leaves, a few ten-
tacles did not, from some unknown cause, become in-
flected, as often happens; and in five instances their
secretion was found not to be in the least acid;
whilst the secretion of the adjoining and inflected
tentacles on the same leaf was decidedly acid. With
leaves excited by particles of glass placed on the
central glands, the secretion which collects on the
disc beneath them was much more strongly acid
than that poured forth from the exterior tentacles,
which were as yet only moderately inflected. When
bits of albumen (and this is naturally akaline), or
hits of meat were placed on the disc, the secretion
collected beneath them was likewise strongly acid.
As raw meat moistened with water is slightly acid, |
°’mpared its action on litmus paper before it was
placed on the leaves, and afterwards when bathed in
the secretion; and there could not be the least doubt
that the latter was very much more acid. | have
Indeed tried hundreds of times the state of the secre-
tn 91 the discs of leaves which were inflected over
various objects, and never faled to find it acid. We
May  therefore, conclude that the secretion from un-
e xite |leaves, though extremely viscid, is not acid or
only dlightly so, but that it becomes acid, or much
Inore strongly so, after the tentacles have begun to
bend over any inorganic or organic object; and still
*aore strongly acid after the tentacles have remained
for some time closaly clasped over any object.

& M3y here remind the reader that the secretion
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appears to be to a certain extent antiseptic, as it
checks the appearance of mould and infusoria, thus
preventing for a time the discoloration and decay of
such substances as the white of an egg, cheese, &cC.
It therefore acts like the gastric juice of the higher

animas, which is known to arrest putrefaction by
destroying the microzymes.

As| was anxious to learn what acid the secretion contained,
445 leaves were washed in distilled water, given me by Prof.
Frankland; but the secretion is so viscid that it is scarcey
possblo to scrapo or wash off the whole  The conditions
were also unfavourable, as it was late in the year and the
leaves were small. Prof. Frankland with great kindness under -
took totest the fluid thus collected. The leaves were excited
by clean particles of glassplaced on them 24 hrs. previoudy.
No doubt much more acid would have been secreted had the
leaves been excited by animal matter, but this would have
rendered the analysis more difficult. Prof. Frankland informs
me that the fluid contained no trace of hydrochloric, sulphuric,
tartaric, oxalic, or formic acids. This having been ascertained,
the remainder of the fluid was evaporated nearly to dryness, and
acidified with sulphuric acid; it then evolved volatile acid
vapour, which was condensed and digested with carbonate of
slver. " The weight of the slver salt thus produced was only
37 gr., much too small a quantity for the accurate determina-
tion of tho molecular weight of the acid. The number obtained,
however, corresponded nearly with that of propionic acid; and
| believe that this, or amixture of acetic and butyric acids, were
present in theliquid. The acid doubtless belongs to the acetic
or fatty series” '

Prof. Frankland, as well as his assistant, observed (and this
is an important fact) that the fluid, " when acidified with sul-
phuric acid, emitted a powerful odour like that of pepsin.”
The leaves from which the secretion had been washed were
also sent to Prof. Frankland; they were macerated for some
hours, then acidified with sulphuric acid and distilled, but no
acid passed over. Therefore the acid which fresh leaves con-
tain, as shown by ther discolouring litmus paper when crushed,
must be of a different nature from that present in the secretion.
Nor was any odour of pepsin emitted by them.
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Although it has long been known that pepsin with acetic
acid has the power of digesting albuminous compounds,
it appeared advisable to ascertain whether acetic acid could
ho replaced, without the loss of digestive power, by the
allied acids which are believed to occur in the secretion
of Drosera, namely, propionic, butyric, or valcrianic. Dr.
Burden Sanderson was so kind as to make for me tho follow-
ing experiments, the results of which are valuable, indepen-

dently of the present inquiry. Prof. Frankland supplied the
acids.

" 1. The purpose of the following experiments was to deter-
mine the digestive activity of liquids containing pepsin, when
acidulated with certain volatile acids belonging to tho acetic
series, in comparison with liquids acidulated with hydrochloric
acid, in proportion smilar to that in which it exists in gastric
juice.

" 2. It has boon determined empirically that the best results
% e obtained in artificial digestion when a liquid containing two
P<* thousand of hydrochloric acid gas by weight isused. This
corresponds to about 625 cubic centimetres per litre of ordinary
grong hydrochloric acid. The quantities of propionic, butyric,
find valcrianic acids respectively which are required to neutralise
as much base as 6-25 cubic centimetres of HCL, arein grammes
*" 0 of propionic acid, 4*8 of butyric acid, and 5G8 of valerianic
~Mcl- It was therefore judged expedient, in comparing the
~-Be&tive powers of those acids with that of hydrochloric acid, to
U4 them in these proportions.

] " 3. Five hundred cub. cent, of a liquid containing about
thS cub. cent, of a glycerine extract of the mucous membrane of
0 Ktonmah of a dog killed during digestion having been pre-
ijtrvvl 10 cub. cent, of it were evaporated and dried at 110°.
«”quantlty yielded 00031 of residue.
cra Hits TG To Ur - quantities were taken which were
S ‘o aC"dulated Wlth hydrochloric, propionic, butyric, and
h)i'(:mluc aC|dg jn tho proportiong above indicated. Each
Ay vV V3sthen proood in a tube, which was allowed to float in
|m*L“E bat'> <aining a thermometer which indicated a
%ﬂri ature off 38° tb 440°CEtt. Ihto each, a quantity of un-
fibein v2sin«og\iced, and the whole allowed to stand
WIMiPBF stogyS+ the tomeratup o being maintained during the
~oietime and care belng taken that each contained through-

O fibr he end of th erlod each ligy i
wArES Bt o, Wi & s
fuch o tie fltem as had been digested during tho four hours,
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10 cub. cent, were measured out and evaporated, aud dried at
110° as before.  The resdues were respectively—

" In the liquid containing hydrochloric acid 0*4079
" ” propionic acid  (0*0601
" " butyric acid 0-1468
" M valerianic acid 0'12%4

" Hence, deducting from "each of these the above-mentioned
resdue, left when the digestive liquid itsef was evaporated,
viz. 0*0031, we have,

" For propionicacid . . . . . . .0f05/0
‘, butyricacd . . . . . . 01437
., Vvaerianicacid . . . . .0*1223

as compared with 0*4048 for hydrochloric acid; those several
numbers expressing the quantities of fibrin by weight digested
in presence of equivalent quantities of the respective acids
under identical conditions.

" The results of the experiment may be stated thus .—If 100
represent the digestive power of a liquid containing pepsin with
the usual proportion of hydrochloric acid, 14*0, 334, and 30*2,
will represent respectively the digestive powers of the three
acids under investigation.

" 5. In a second experiment in which the procedure was in
every respect the same, excepting that all the tubes were
plunged into the same water-bath, and the residues dried at
115° C, the results were as follows.—

" Quantity of fibrin dissolved in four hours by 10 cub. cent,
of the liquid—

" Propionicacd . . . . .0*0%63
Butyricacd. . . . . 0085
Valerianic acid .. . .. 00615

"The quantity digested by a smilar liquid containing
hydrochloric acid was 0*3376. Hence, taking this as 100, the
following numbers represent the relative quantities digested
by the other acids:

“"Propionicacid. . . . . 165
Butyric acid. : : : : 2857
Valerianic acid .. . . 16¥1

" 6. A third experiment of the same kind gave:
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" Quantity of fibrin digested in four hours by 10 cub. cent,
of the liquid:

" Hydrochloric acid . . 02915
Propionic acid .. o . 01490
Butyricacid .. .- . 01044
Valerianic acid .. ... 00520

! Comparing, as I>dore the three last numbers with the first
taken as 100, the digestive power of propionic acid is repre-
sented by 16-8; that of butyric acid by 35'8; and that of
valerianic by 17-8.

" The mean of these three sets of observations (hydrochloric
acid being taken as 100) gives for

" Propionic acid .. . . 15-8
Butyricacid .. .- . 32-0
Yalerianic acid .. o . 21-4

d.m" * A further experiment was made to ascertain whether the

lgestive activity of butyric acid (which was selected as being
iP'E)arentIy themost efficacious) wasreatively greater at ordinary
Piperatures than at the tempetature of the body. It was

~und '"'3" whereas 10 cub. cent, of a Iiauid containin%the ordi-

TNa ;
a-,a77pr8p6r$i6n of hydrochloric acid digested 0-1311 gramme,
“Agmilar liquid prepared with butyric acid digested 0*0455
A amme of fitsHi-
» at 2°"°¢" taking the quantities digessed witih ydiredhiioric aod
O Merdmpérature of the body as 100, we have the digegtive
J"mer of hydrochloric acid at the temperature of 16° to 18°
Wht-represented v 44.9: that of butyric acid at the same
temperature being 15-6."

hyggcﬂjéficse() tliat.at the If)wer- of these. two temperatu_res,
rathe[ .Ies ad(1 with P/\8u1 dlgcst,\ Wlthin the same time:

what i+ As than half the o antity of fibrin compared with
butyrig 22%° @ theMSheT temperature; and the power of
condiiigng. " A the same proportion under similar
acid, . pep"¢ temperatures. Wo have also ssen that butyric

rimi[nﬁtslalmUCh niore efficacious than propionic or vale-
than a-jﬁ"{é‘o eCSts With 1)epsin at thehigher tcmperature less

& . . .
ture b_y b%c—lbﬁc/a\ré\jdv.vmm isdipested at the 8amo temPera_
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| will now give in detail my experiments on the
digestive power of the secretion of Drosera, dividing
the substances tried into two series, namely those
which are digested more or less completely, and those
which are not digested. We shall presently see that
all these substances are acted on by the gastric juice
of the higher animals in the same manner. | beg
leave to call attention to the experiments under the
head albumen, showing that the secretion loses its
power when neutralised by an alkali, and recovers it
when an acid is added.

Substances which are completely or partially Digested by
the Secretion of Drosera.

Albumen.—After having tried various substances,
* Dr. Burdon Sanderson suggested to methe use of cubes
of coagulated albumen or hard-boiled egg. | may pre-
mise that five cubes of the same size as those used in
the following experiments were placed for the sake of
comparison at the sanje time on wet moss: close to the
plants of Drosera. The weather was hot, and after four
days some of the cubes were discoloured and mouldy,
with their angles alittle rounded; but they were not
surrounded by a zone of transparent fluid as in the
case of those undergoing digestion. Other cubes
retailed their angles and white colour. After eight
days all were somewhat reduced in size, discoloured,
with their angles much rounded. Nevertheless in
four out of the five specimens, the central parts were
still white and opaque. So that their state differed
widely, as we shall see, from that of the cubes sub-
jected to the action of the secretion.

Faperiment 1— Bather large cubes of albumen were first
iried; the tentacles were well inflected in 24 hrs.; after an
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additional day the angles of the cubes were dissolved and
rounded;* but the cubes were too large, so that tho leaves
were injured, and after seven days one died and the others
were dying. Albumen which has been kept for four or five
days, and which, it may be presumed, has begun to decay
dightly, seems to act more quickly than freshly boiled eggs.
As the latter were generally used, | often moistened them
with a little saliva, to make the tentacles close more
"luickly.

&agwrim" nt 2—A cube of & of an inch (i.e. with each srlc
AT of aninch, or 2*54 mm., in length) was placed on a leaf, and
"iftcr 50 hrs. it was converted into a sphere about jjj of an inch
(I*905 mm.) in diameter, surrounded by perfectly transparent
fluid. After ten days the leaf re-cxpanded, but there was still
Aft on tho disc a minute bit of albumen now rendered trans
parent. More albumen had been given to this leaf than could
bo dissolved or digested. i

fopmnent 3—Two cubes of albumen of <£¢§ of an inch
(™'27 mm.) were placed on two leaves. After 46 hrs. every
'itom of one was dissolved, and most of the liquefied matter
was absorI>ad, the fluid which remained being in this, asin all
other caR, very acid and viscid. The other culxj was acted
°n at arather dower rate.

. Experiment 4—Two cubes of albumen of tho same size as
the last were placed on two leaves, and were converted in
fjﬁj nrs. mto two large drops of transparent fluid; but when
these were removed from beneath the inflected tentacles, and
viewed by reflected light under the microscope, fine streaks of
"Intc opague matter could be seen in the one, and traces of
imilar streaks in the other. The drops were replaced on the
eaves, which re-expanded after 10 days; and now nothing
wasleft except a very little transparent acid fluid.
,, "P&itnent 5—This experiment was dlightly varied, so that
meaJtQme might be more quickly exposed to the action of tho
{vsecretion. Two cubes, each of about & of an inch (¢ 635 mm.)
"® Placed on the saino leaf, and two similar cubes on another

IN

iiu?nllntt,\ jmy 1 ume rous experl-
o+ W on the Jigem@n of cubes
wefp Uimen, the angles and edges
Now, T 2." " frsfe rounded,
Phys, 1o T~ CkeconB
1867, p, ;- '** Digestion/ val. i.

I'W) tliut this is charac-

teristic of thu digebtiou of ullni-
men by the gastric juice of anij-
mals. On tho other hand, he
remarks, "les dissolutions, en
ehiniie, ont lieu sur (ditte la sur.
fuco des corps en contact avec
|'agent dissolvant."
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leaf. These were examined after 21 hrs. 30 m., and all four
wore found rounded. After 46 hrs. the two cubes on the one
leaf were completely liquefied, the fluid being perfectly trans-
parent; on the other leaf some opaque white streaks could
still be seen in the midst of the fluid. After 72 hrs. these
Ktroaks disappeared, but there was still a little viscid fluid
left on the disc; whereas it was almost all absorbed on the
first leaf. Both leaves were now beginning to re-expand.

The best and almost sole test of the presence of
some ferment analogous to pepsin in the secretion
appeared to be to neutralise the acid of the secretion
with an alkali, and to observe whether the process
of digestion ceased; and then to add a little acid
and observe whether the process recommenced. This
was done, and, as we shall see, with success, but it
Mas necessary first to try two control experiments;
namey, whether the addition of minute drops of
water of the same size as those of the dissolved
alkalies to be used would stop the process of diges
tion ; and, secondly, whether minute drops of weak
hydrochloric acid, of the same strength and size as
those to be used, would injure the leaves. The
two following experiments were therefore tried :—

Experiment 6.—Small cubes of albumen were put on three
leaves, and minute drops of distilled water on the head of a pin
were added two or three times daily. These did not in the
least delay the process; for, after 48 hrs., the cubes were com-
pletely dissolved on all three leaves. On the third day the
leaves began to re-expand, and on the fourth day all the fluid
was absor bed.

Exptrhrwnt 7—Small cubes of albumen were put on two
leaves, and minute drops of hydrochloric acid, of the strength of
one part to 437 of water, were added two or threetimes. This
did not in the least delay, but seemed rather to hasten, the
process of digestion; for every trace of the albumen disappeared
in 24 hrs. 30 m. After three days the leaves partially re
expanded, and by this time almost all the viscid fluid on thoir
discs was absorbed. It is amost sni>orfluons to state thflt
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cubes of albumen of the same size as those above used, |eft for
seven daysin alittle hydrochloric acid of the above strength,
retained all their angles as perfect as ever.

Experiment 8—Cubes of albumen (of A of an inch, or 2%
mm.) wero placed on five leaves, and minute drops of a solu-
tion of one part of carbonate of soda to, 437 of water were added
at intervals to three of them, and drops of carbonate of potash
°f the same strength to the other two. The drops were given
on the head of a rather large pin, and | ascertained that
~ch was equal to about > of a minim (0059 ml.), so that
<ah contained only -*" of a grain ("0135 nig.) of the alkali.
This was not sufficient, for after 46 hrs. all five cubes were
dissolved.

Experiment 9—The last experiment was repeated on four
leaves, with this difference, that drops of the same solution of
carbonato of soda were added rather oftener, as often as the
secretion became acid, so that it was much more effectually
neufralissd. And now after 24 hrs. the angles of three of
the cubes were not in tho least rounded, those of the fourth
boing so in a very dight degree.  Drops of extremely weak °
hydrochloric acid (viz. one part to 847 of water) were then
added, just enough to neutralise the alkali which was till
present; and now digestion immediately recommenced, so that
after 23 hrs. 30 m. three of the cubes were completely dis-
solved, whilst the fourth was converted into a minute sphere,
surrounded by transparent fluid; and this sphwe next day
AL

k'<rj>eriment 10—Stronger solutions of carbonate of soda and
;35 potash were next used, viz. one part to 109 of water; and as
¢ same-sized drops were given as before, each drop contained

of a grain (0539 mg.) of either salt. Two cubes of albu-
men (each about -* of au inch, or '635 mm.) were placed on the
L\lllvge leaf, and two on another. Each leaf recelved, as soon as
wlthsecretion became dlightly acid (and this occurred four times
Wos m 24 hrs)), drops either of the soda or potash, and the acid
Parfoc us onectually naytralised. The experiment now succeeded
- thy fOr after 22 hrsithe angles of the cubes WGre M sharp
j’\ﬂ.‘_ey were at first,,and weekknanfrfamegperiment 5 that such
al cubeswould have been completely rounded within this
-mebythe secretion in its natural stato. Some of tho fluid was
«°w removed with blotting-paper from the discs of the leaves,
**M minute drops of hydrochloric acid of the strength of one
Part to 200 of water was added. Acid of this greater strength
& Us®d as the solutions of the alkalies were stronger. The
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process of digestion now commenced, so that within 48 hrs. from
the time when the acid was given the four cubeswere not only

completdly dissolved, but much of the liquefied albumen was
absorbed.

Experiment 11—Two cubes of albumen (-* of an inch, or
*635 mm.) were placed on two leaves, and were treated with
alkalies as in the last experiment, and with the same result;
for after 22 hrs. they had their angles perfectly sharp, showing
that the digestive process had been completely arrested. | then
wished to ascertain what would be the effect of using stronger
hydrochloric acid; so | added minute drops of the strength of
1 per cent. This proved rather too strong, for after 48 hrs.
from the time when the acid was added one cube was still
amosgt perfect, and the other only very dightly rounded, and
both were stained dightly pink. This latter fact shows that the
leaves were injured,* for during the normal process of digestion
the albumen is not thus coloured, and we can thus understand
why the cubes were not dissolved.

Prom these experiments we clearly see that the
secretion has the power of dissolving abumen, and
we further see that if an alkali is added, the process of
digestion is stopped, but immediately recommences as
soon as the alkali is neutralised by wesk hydrochloric
acid. Evenif | had tried no other experiments than
these, they would have amost aufficed to prove that
the glands of Drosera secrete some ferment analo-
gous to pepsin, which in presence of an acid gives
to the secretion its powe of dissolving abuminous
compounds,

Splinters of clean glass were scattered on a large
number of leaves, and these became moderately in-
flected. They were cut of and divided into three
lots; two of them, after being left for some time in
a little distilled water, were strained, and some dis-

» Sachs remarks (‘Traité do agents, allow all their colouring
Bot.' 1874, p. 774), that cells matter to escape into the sur-
which are killed by freezing, by  rounding water,
too great heat, or by chemical .
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coloured, viscid, slightly acid fluid was thus obtained.
The third lot was wel soaked in a few drops of
glycerine, which is well known to dissolve pepsn.
Cubes of albumen (* of an inch) were now placed
in the three fluids in watch-glasses, some of which
were kept for several days at about 90° Fahr.
(32°"2 Cent.), and others at the temperature of my
room; but none of the cubes were dissolved, the
angles remaining as sharp as ever. This fact pro-
bably indicates that the ferment is not secreted until
the glands are excited by the absorption of a minute
quantity of already soluble animal matter,—a con-
cluson which is supported by what we shall hereafter
see with respect to Dionaea. Dr. Hooker likewise found
that, although the fluid within the pitchers of Ne-
penthes possesses extraordinary power of digestion, yet
when removed from the pitchers before they have
been excited and placed in a vessd, it has no such
power, although it is already acid; and we can
account for this fact only on the suppostion that the
propa ferment is not secreted until some exciting
matter is absorbed.

On three other occasons eight leaves were strongly
excited with albumen moistened with saliva; they
weae then cut off, and allowed to soak for several
hours or for a whole day in a few drops of glycerine.
Some of this extract was added to a little hydro-
chloric acid of various strengths (generally one to
400 of water), and minute cubes of albumen were
placed in the mixture* In two of these trials the
cubes were not in the least acted on; but in the third

——_— =

.* Asacontrol experiment bits  the albumen, as might have been
°* albumen were placed in the expected, was uot in tho least
same glycerine with hydrochloric  affected after two days.
acul of the same strength; and

H
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the experiment was successful.  For in a vessel con-
taining two cubes, both were reduced in 9zein 3 hrs,;
and after 24 hrs. mere streaks of undissolved abu-
men were left. In a sscond vessd, containing two
minute ragged bits of atbumen, both were likewise
reduced in 9ze in 3 hrs,, and after 24 hrs. completely
disgppeared. | then added a little wesk hydro-
chloric acid to both vessds, and placed fresh cubes
of albumen in them; but these were not acted on.
This latter fact is intelligible according to the high
authority of Schiff* who has demonstrated, as he
believes, in oppostion to the view held by some
physiologists, that a certain smal amount of pepsin
IS destroyed during the act of digestion. So that if
my solution contained, as is probable, an extremely
smal amount of the ferment, this would have been
consumed by the dissolution of the cubes of abumen
fird given; none being left when the hydrochloric
acid was added. The destruction of the ferment
during the process of digestion, or its absorption after
the abumen had been converted into a peptone, will
adso account for only one out of the three latter sets
. of experiments having been successful.

Digestion of Boast Meat—Cubes of about f of an
inch (1*27 mm.) of moderately roasted meat were
placed on five leaves which became in 12 hrs. closay
inflected. After 48 hrs. | gently opened one ledf, and
the meat now conssted of a minute central sphere,
partially digested and surrounded by a thick envelope
of transparent viscid fluid. The whole, without being
much disturbed, was removed and placed under the
microscope.  In the central part the transverse driae
on the muscular fibres were quite distinct; and it wes

* «Lc9ons phys. de la Digestion/ 18G7, torn. ii. pp. U 4-12(3.
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interesting to observe how gradually they disappeared,
when the same fibre was traced into the surrounding
fluid. They disappeared by the dride being replaced
by transverse lines formed of excessively minute dark
points, which towards the exterior could be seen only
under a very high power; and ultimately these points
were lost. When | made these observations, | had
not read SchifFs account* of the digestion of meat
by gastric juice, and | did not understand the mean-
ing of the dark points. But this is explained in the
following statement, and we further see how closely
similar is the process of digestion by gastric juice and .
by the secretion of Drosera.

" On adit quelesuegagriquefaisait perdre alafibre muscu-
laire ses drios transversdles  Aind ¢noncée, cette propastion
pourrait donner lieu & une &quivoque, car cequi e pead, cen'es
quo Vaspect edteriour dela griature & non les @éments anato-
miques qui la composent. On sait quo les Sriesqui donnent un
agoedt 9 caractéridique a la fibre musculaire, sont leréaultat de
la juxtapogtion ct du paralltliame des corpuscules démentaires
places, a distances egales, dans|'interieur desfibrilles contigues
Or, des que lo tissu connectif qui relie entre dles les fibrilles
elementaircs vient & se gonfler et & se dissoudre, et que les
fibrilles dlesmemes se dissocient, ce paralldisme est detruit et
avec lui |'aspect, le phénomeno optique des stries. S, apresla

- aesagrégation desfibres, on examine au microscope les fibrilles
dementaires, on digingue encore tres-nettement a leur interieur
les corpuscules, et on continue a les voir, de plus en plus pales,
jusgqu'au moment ot les fibrilles dlesmemes se liquéfient et dis-
garaissent dansle sue gadrique. Ce qiii congtitue la striature,
- proprement parler, n'et done pas detruit, avant la liqué-
faction de lafibre charnue dlo-meme."

In the viscid fluid surrounding the central sphere of
undigested meat there were globules of fat and little
bits of fibro-eastic tissue; neither of which were in

* * anons phys. dela Digestion,' torn. ii. p. 145.
H 2
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the ieast digested. There were also little free paral-
ldograms of yellowish, highly tranducent matter.
Schiff, in speaking of the digestion of meat by gadric*
juice, alludes to such paralldograms, and says.—

" Lctfonilement p 4, Icquel commencela digestion do la viande,
résulto do I'action du sue gastrique acidc sur lc tissu connectif
qui BO dissout d'abord, et qui, par fia liquéfaction, désagrege les
fibrilles. Celles-ci se dissolvent ensuite en grandc partie, mais,
avant do passer & Tttat liquido, ellcs tendent & sc briser en
petits fragments transversaux. Les 'sarcous elements de
Bowman, qui ne sont autro chose que les produits de cette
division transversalo des fibrilles &é&mentaires, peuvent &tre
préparés et isolés & Taido du sue gastrique, pourvu qu'on
n‘attond pasjusqu'a, la liqué&faction compltto du muscle/!

o After an interval of 72 hrs, from the time when
the five cubes were placed on the leaves, | opened the
four remaining ones. On two nothing could be seen
but little masses of trangparent viscid fluid; but
when theso were examined under a high power,
fat-globules, bits of fibro-dagtic tissue, and some few
paralldograms of sarcous matter, could be distin-
guished, but not a vestige of transverse gria*. On the
other two leaves there were minute spheres of only
partially digested meat in the centre of much trans
parent fluid. . )
" Fibrin.—Bits of fibrin were left in water during
four days, whilst the following experiments were
tried, but they were not in the least acted on. The
fibrin which | first used was not pure, and included
dark particles. it had ether not been well prepared
or had subsequently undergone some change. Thin
portions, about {V of an inch square, were placed
on several leaves, and though the fibrin was soon
liquefied, the whole was never dissolved. Smaller
particles were then placed on four leaves, and minute*



CHAP. VI. DIGESTION. 101

drops of hydrochloric acid (one part to 437 of
water) were added; this seemed to hasten the process
of digestion, for on one leaf all was liquefied and
absorbed after 20 hrs.; but on the three other leaves
some undissolved residue "was left after 48 hrs. It
iIs remarkable that in all the above and following
experiments, as well as when much larger bits of
fibrin were used, the leaves were very little excited;
and it was sometimes necessary to add a little saliva
to induce complete inflection. The leaves, moreover,
hugan to re-expand after only 48 hrs., whereas they
would have remained inflected for a much longer
time had insects, meat, cartilage, albumen, &c, been
placed on them.

| then tried some pure white fibrin, sent me by Dr.
liurdon Sanderson.

Experiment 1—Two particles, bardy ~ of an inch (1'27 mm.)
ggnaro, were placed on opposte sides of tho same leaf. One of
these did not excite the surrounding tentacles, and the gland
on which it rested soon dried. The other particle caused a few
of tho short adjoining tentacles to be inflected, tho more distant
ones not boing affocted. After 24 hrs. both were almost, and
lifter 72 hrs. completely, dissolved.

Experiment 2—Tho same experiment with tho same result,
Qnly one of the two bits of fibrin exciting tho short surround-
ing tentacles. This bit was so dowly acted on that after a
day | pushed it on to some fresh glands. In three days from
the time when it wasfirst placed on tho leaf it was completey
dissolved.

Experiment 3.—Bits of fibrin of about the same size as before
wero placed on tho discs of two leaves; these caused very little
inflection in 23 hrs,, but after 48 hrs. both were well clasped by
the surrounding short tentacles, and after an additional 24 hrs.
NYee completely dissolved. On tho disc of one of these leaves
much clear acid fluid was left.

Experiment 4—Similar bits of fibrin were placed on the discs
of two leaves, as after 2 hrs the glands ssemed rather dry,
they were fredy moistened with saliva; this soon caused
strong infloction both of the tentacles and blades, with copious
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secretion from the glands. In 18 hrs. the fibrin was com-
pletely liquofied, but undigested atoms ill floated in the
liquid; these, however, disappeared in under two additiona
days.

Prom these experiments it is clear that the secre-
tion completely dissolves pure fibrin. The rate of
dissolution is rather dow; but this depends merely
on this substance not exciting the leaves sufficiently,
so that only the immediately adjoining tentacles are
inflected, and the supply of secretion is small.

Syntonin—This substance, extracted from muscle,
was kindly prepared for me by Dr. Moore. Very
differently from fibrin, it acts quickly and energetic-
aly. Smal portions placed on the discs of three
leaves caused their tentacles and blades to be strongly
inflected within 8 hrs.; but no further observations
were made. It is probably due to.the presence of
this substance that raw meat is too powerful a stimu-
lant, often injuring or even killing the leaves. .

Areolar Tissue—Small portions of thistissue from a:
sheep were placed on the discs of three leaves; these
became moderately well inflected in 24 hrs., but began
to re-expand after 48 hrs., and were fully re-expanded
in 72 hrs., dways reckoning from the time when the
bits were first given. This substance, therefore, like
fibrin, excites the leaves for only a short time. The
residue left on the leaves, after they were fully re-
expanded, was examined under a high power and
found much altered, but, owing to the presence of a
guantity of elastic tissue, which is never acted on,
could hardly be said to be in aliquefied condition.

Some areolar tissue free from elastic tissue was next
procured from the viscera cavity of a toad, and
moderately sized, as wel as very small, bits were
placed on five leaves. After 24 hrs. two of the bits
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were completely liquefled; two others were rendered
transparent, but not quite liquefied; whilst the fifth
was but little affected. Several glands on the three
latter leaves were now moistened with a little saliva,
which soon caused much inflection and secretion,
with the result that in the course of 12 additional
hrs. one leaf alone showed a remnant of undigested
tissue. On the discs of the four other leaves (to one
of which a rather large bit had been given) nothing
was left except some trangparent viscid fluid. | may
add that some of this tissue included points of black
pigment, and these were not at all affected. As a
control experiment, small portions of this tissue were
left in water and on wet moss for the same length of
time, and remained white and opaque. From these
facts it is clear that areolar tissue is easily and
quickly digested by the secretion; but that it does
not greatly excite the leaves.

Cartilage—Three cubes (-Jg of an inch or 1*27 mm.)
of white, tranducent, extremely tough cartilage were
cut from the end of a slightly roasted leg-bone of a
sheep. These were placed on three leaves, borne by
spoar, small plants in my greenhouse during Novem-
ber ; and it seemed in the highest degree improbable
that so hard a substance would be digested under
such unfavourable circumstances. Nevertheless, after
48 hrs, the cubes were largely dissolved and con-
verted into minute spheres, surrounded by trans
parent, very acid fluid. Two of these spheres were
completely softened to their centres;, whilst the third
still contained a very small irregularly shaped core
of solid cartilage. Their surfaces were seen under
the microscope to be curiously marked by prominent
ridges, showing that the cartilage had been un-
equally corroded by the secretion. | need hardly
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say that cubes of the same cartilage, kept in water
for the same;length of time, were not in the least
affected.
" During a more favourable season, moderately sized
bits of the skinned ear of a cat, which includes
cartilage, areolar and elastic tissue, were placed on
three leaves. Some of the glands were touched with
sdiva, which caused prompt inflection. Two of the
leaves began to re-expand after three days, and the
third on the fifth day. The fluid residue left on
their discs was now examined, and consisted in one
case of pefectly transparent, viscid matter; in the
other two cases, it contained some elastic tissue and
apparently rertmants of half digested areolar tissue.
Fibro-cartilage (from between the vertebras of the
tall of a sheep). Moderately szed and smal bits
(the latter about t\+ of an inch) were placed on nine
leaves. Some of these were wdll and some very little*.
inflected. In the latter case the bits were dragged
over the discs, so that they were wel bedaubed
with the secretion, and many glands thus irritated.
All the leaves re-expanded after only two days; so
that they were but little excited by this substance..
The bits were not liquefied, but were certainly in an
altered condition, being swollen, much more trans-
parent, and so tender as to disintegrate very easly.
My son Francis prepared some artificial gastric juice,
which was proved effident by quickly dissolving
fibrin, and suspended portions of the fibro-cartilage
init. These swdled and became hyaline, exactly like
those exposed to the secretion of Drosera, but were
not dissolved. This result surprised me much, as
two physiologists were of opinion that fibro-cartilage
would be easlly digested by gastric juice. | there-
fore asked Dr. Klein to examine the specimens; and
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he reports that the two which had been subjected to
artificial gastric juice were " in that slate of diges
tion in which we find connective tissue®vhen treated
with an acid, viz. swollen, more or less hyaline, the
fibrillar bundles having become homogeneous and ost
their fibrillar structure." In the specimens which had
been left on the leaves of Drosera, until they re-
expanded, "parts were altered, though only glightly
0, in the same manner as those subjected to the
gastric juice, as they had become more transparent,
amost hyaline, with the fibrillation of the bundles
indistinct." Fibro-cartilage is therefore acted on in
nearly the same manner by gastric juice and by the
secretion of Drosera,

Bone. — Smal smooth bits of the dried hyoidal
bone of a foM moistened with sdliva were placed on
two leaves, and a smilarly moistened splinter of an
extremely hard, broiled mutton-chop bone on a third
leesf. These leaves soon became strongly inflected,
and remained so for an unusual length of time;
namely, one leaf for ten and the other two for nine
days. The bits of bone were surrounded all the time
by acid secretion. When examined under a week
power, they were found quite softened, so that they
were readily penetrated by a blunt needle, torn into
fibres, or compressed. Dr. Klein was so kind as to
make sections of both bones and examine them. He
informs mo that both presented the normal appearance
°f decdcified bone, with traces of the earthy salts
occasondly left. The corpuscles with their processes
were very distinct in most parts; but in some parts,
especially near the periphery of the hyoidal bone,
none could be seen. Other parts again appeared
amorphous, ‘with even the longitudinal striation of
bone not distinguishable. This amorphous structure,
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as Dr. Klein thinks, may be the result either of the
incipient digestion of the fibrous basis or of all the
animal matt& having been removed, the corpuscles
being thus rendered invisible. A hard, brittle, yellow-
ish substance occupied the postion of the medulla
in the fragments of the hyoidal bone.

As the angles and little prgjections of the fibrous
basis wore not in the least rounded or corroded, two of
the bits were placed on fresh leaves. These by the
next morning wee closaly inflected, and remained
so,—the one for six and the other for seven days—
thereforefor not so long a time as on the first occason,
but for a much longer time than ever occurs with
loaves inflected over inorganic or even over many
organic bodies. The secretion during the whole time
coloured litmus paper of a bright red; but this may
have been due to the presence of the acid super-
phosphate of lime. When the leaves re-expanded, the
angles and projections of the fibrous bass were as
sharp as ever. | therefore concluded, falsely as we
shall presently see, that the secretion cannot touch
the fibrous bass of bone." The more probable expla-
nation is that the acid was all consumed in decom-
posing the phosphate of lime which still remained;
so that none was left in a free state to act in con-
junction with the ferment on thefibrousbass.

Enamel and Dentine—As the secretion decalcified
ordinary bone, | determined to try whether it would
act on enamel and dentine, but did not expect that it
would succeed with so hard a substance as enamd.
Dr. Klein gave me some thin transverse dlices of
the canine tooth of a dog; small angujar fragments
of wliich were placed on four leaves, and these were
examined each succeeding day at the same hour. The
results are, | think, worth giving in detail.
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Experiment 1—May 1st, fragment placed on leaf; 3rd, ten-
tacles but little inflected, so a littlo saliva was added; 6th, as
the tentacles were not strongly inflected, the “ragment was
transferred to another leaf, which acted at first dowly, but by
the 9th closely embraced it. On the 11th this second lesf
began to re-expand; the fragment was manifestly softened, and
Dr. Klein reports, "a great deal of enamel and tho greater
part of the dentine decalcified."

Experiment 2—May 1st, fragment placed on leaf; 2nd, ten-
tacles fairly well inflected, with much secretion on tho disc, and
remained so until the 7th, when the leaf re-expanded. The
fragment was now transferred to a fresh lesf, which next day
(8th) was inflected in the strongest manner, and thus remained
until the 11th, when it re-cxpanded. Dr. Klein reports,” agreat
deal of enamel and tho greater part of the dentine decalcified."

Experiment 3—May 1st, fragment moistened with saliva and
placed on a leaf, which remained well inflected until 5th, when
it re-expanded. The enamel was not at all, and tho dentine
only slightly, softened. The fragment was now transferred to a
fresh leaf, which next morning (6th) was strongly inflected, and
remained so until the 11th. Tho enamel and dentine both now
somewhat softened; and Dr. Klein reports, " less than half the
enamel, but the greater part of the dentine, decalcified."

Experiment 4—May 1st, a minute and thin bit of dentine,
moistened with saliva, was placed on a leaf, which was soon
inflected, and re-expanded on the 5th.  The dentine had become
a8 flexible as thin paper. It was then transferred to a fresh ledf,
which next morning (6th) was strongly inflected, and reopened
on the 10th. The decalcified dentine was now so tender that it
was torn into shreds merely by the force of the re-expanding
tentacles.

* From these experiments it appears that enamd is
attacked by the secretion with more difficulty than
dentine, as might have been expected from its ex-
treme hardness; and both with more difficulty than
ordinary bone. After the process of dissolution has
once commenced, it is carried on with greater ease;
this may be inferred from the leaves, to which the
fragments were transferred, becoming in all four cases
strongly inflected in the course of asingle day; whereas
the first set of leaves acted much less quickly and
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energetically. The angles or projections of the fibrous
bass of the enamel and dentine (except, perhaps, in
No. 4, which could not be well observed) were not in
the least rounded; and Dr. Klein remarks that their
microscopical structure was not altered. But this
could not have been expected, as the decdcification
was not complete in the three specimens which were
carefully examined.

Fibrous Basis of Bone—I at first concluded as
already stated, that the secretion could not digest this
substance. | therefore asked Dr. Burdon Sanderson
to try bone, enamel, and dentine, in artificia gastric
juice, and he found that they were after a considerable
time completely dissolved. Dr. Klein examined some
of the smal lamellag, into which part of the skull of a
cat became broken up after about a week's immersion
in the fluid, and he found that towards the edges the
" matrix appeared rarified, thus producing the appear-
ance as if the canaliculi of the bone-corpuscles had
become larger. Otherwise the corpuscles and theii
candliculi were very distinct.” So that with bone
subjected to artificial gastric juice complete de-
cacification precedes the dissolution of the fibrous
basis. Dr. Burdon Sanderson suggested to me that
the failure of Drosera to digest the fibrous basis of
bone, enamel, and dentine, might be due to the acid
being consumed in the decomposition of the earthy
salts, s0 that there was none left for the wok* of
digestion. Accordingly, my son thoroughly decal-
cified the bone of a sheep with weak hydrochloric
acid; and seven minute fragments of the fibrous
basis were placed’ on so many leaves, four of the
fragments being first damped with sdiva to ad
prompt inflection. All seven leaves became inflected,
but only very moderately, in the course of a day.
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They quickly began to re-expand; live of them on
the sacond day, and the other two on the third day.
On al seven leaves the fibrous tissue was converted
into perfectly transparent, viscid, more or less lique-
fied little masses. In the middle, however, of one,
my son saw under a high power a few corpuscles,
with traces of fibrillation in the surrounding trans-
parent matter. Prom these facts it is clear that the
leaves are very little excited by the fibrous bass of
bone, but that the secretion easily and quickly lique-
fies it, if thoroughly decdcified. The glands which
had remained in contact for two or three days with
the viscid masses were not discoloured, and appa
rently had &bsorbed little of the liquefied tissue,
or had been little afected by it.

Phosphate of Lime.—As we have seen that the ten-
tacles of the fird set of leaves remained clasped for
nine or ten days over minute fragments df bone, and
the tentacles of the second set for Sx or seven days
over the same fragments, | was led to suppose that
't wes the phosphate of lime, and not any included
animal matter, which caused such long continued in-
flection. It is at least certain from what has just been
shown that this cannot have been due to the presence
°f the fibrous bass. With enamd and dentine
(the former of which contains only 4 per cent, of
organic matter) the tentacles of two successve sets
°f- leaves remaned inflected atogether for eeven
days. In order to test my belief in the potency of
phosphate of lime, | procured some from Prof. Frank-
land absolutely free of anima matter and of any acid.
A smdl quantity moistened with water was placed
on the discs of two leaves. One of these was only
dightly affected; the other remained closdly inflected
for ten days, when a fev of the tentacles began to
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re-expand, the rest being much injured or killed. |
repeated the experiment, but moistened the phosphate
with sdliva to insure prompt inflection; one leaf re-
mained inflected for six days (the little saliva used
would not have acted for nearly so long a time) and
then died; the other leaf tried to re-expand on the
sixth day, but after nine days faled to do so, and
likewise died. Although the quantity of phosphate
given to the above four leaves was extremely small,
much wes left in every case undissolved. A larger
guantity wetted with water was next placed on the
discs of three leaves; and these became most strongly
inflected in the course of 24 hrs. They never re-
expanded; on the fourth day they looked sickly,
and on the sixth were dmost dead. Large drops
of not very viscid fluid hung from their edges during
the sx days. This fluid was tested each day with
litmus pepfer, but never coloured it; and this cir-
cumstance | do not understand, as the superphosphate
of lime is acid. | suppose that some superphosphate
must have been formed by the acid of the secretion
acting on the phosphate, but that it was all absorbed
and injured the leaves; the large drops which hung
from their edges being an abnorma and dropsicd
secretion.  Anyhow, it is manifest that the phos
phate of lime is a most poweful stimulant. Even
small doses are more or less poisonous, probably on
the same principle that rav meat and other nutri-
tious substances, given in excess, kill the leaves.
Hence the concluson, that the long continued in-
flection of the tentacles over fragments of bone,
enamel, and dentine, is caused by the presence of
phosphate of lime, and not of any included animal
matter, is no doubt correct.

Gelatine—I used pure gelatine in thin sheets given
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me by Prof. Hoffmann. For comparison, sguares of
the same sze as those placed on the leaves were left
close by on wet moss These soon swelled, but re-
tained their angles for three days; after five days
they formed rounded, softened masses, but even on the
eighth day a trace of gelatine could still be detected.
Othe sguares wee immersed in water, and these,
though much swollen, retained their angles for six
days. Sguares of -fa of an inch (2254 mm.), just
moistened with water, were placed on two leaves; and
after two or three days nothing was left on them but
some acid viscid fluid, which in this and other cases
never showed any tendency to regelatinise; so that
the secretion must act on the gelatine differently
to what water does, and apparently in the same
manng as gastric juice* Four sguares of the same
Size as before were then soaked for three days in water,
and placed on large leaves, the gelatine was liquefied
and rendered acid in two days, but did not excite
mugch, inflection. The leaves began to re-expand after
tour or five days, much viscid fluid being left on their
discs, asif but little had been absorbed. One of these
leaves, as soon as it re-expanded, caught a small fly,
and after 24 hrs. was closaly inflected, showing how
much more potent than gelatine is the animal matter
absorbed from an insect. Some larger pieces of gela-
tine, soaked for five days in water, were next placed
on three leaves, but these did not become much in-
flected until the third day; nor was the geatine
completely liquefied until the fourth day. On this
day one leaf began to re-expand; the second on the
fifth; and third on the sixth. These several facts

. * Dr. Lauder Brunton, «<Hand- phys. de Ia_Digestion,l 18ti7, p.
took for the Pliys. Laboratory/  249.
1873, pp. 477,487; Schiff, <Leyons
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prove that gelatine is far from acting energetically
on Drosera

In the last chapter it was shown that a solution of
isinglass of commerce, as thick as milk or cream,
induces strong inflection. | therefore wished to com-
pare its action with that of pure gelatine. Solutions
of one part of both substances to 218 of water were
made; and haf-minim drops (0296 ml.) were placed
on the discs of eight leaves, so that each received
), . Of agrain, or '135 mg. The four with the isin-
glass were much more strongly inflected than the
other four. | conclude therefore that isinglass con-
tains some, though perhaps very little, soluble albu-
minous matter. As soon as these eight leaves re-
expanded, they were given bits of roast meat, and in
some hours all became greatly inflected; again show-
ing how much more meat excites Drosera than does
gelatine or isinglass. This is an interesting fact, as
it is wdl known that gelatine by itsdf has little
power of nourishing animals.*

Chondrin.—This was sent me by Dr. Moore in a
gelatinous state. Some was dowly dried, and a small
chip was placed on a ledf, and-a much larger chip on
a seoond leaf. The first was liquefied in a day; the
larger piece was much swollen and softened, but was
not completely liquefied until the third day. The
undried jelly was next tried, and as a control experi-
ment small cubes were left in water for four days
and retained their angles. Cubes of the same dze
were placed on two leaves, and larger cubes on two
other leaves. The tentacles and laminae of the latter
were closdy inflected after 22 hrs., but those of the

~ * Dr. Lander Brunton gives view of tho indirect part whiclk
in the * Medical Record/ January  gelatine playsin nutrition.
1873, p. 36, an account of Vait's
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two leaves with the smaller cubes only to a moderate
degree. The jelly on all four was by this time lique-
fied, and rendered very acid. The glands were
blackened from the aggregation of their protoplasmic
contents. In 46 hrs. from the time when the jelly
was given, the leaves had amost re-expanded, and
completely so after 70 hrs.; and now only a little
dightly adhesive fluid was left unabsorbed on their
discs.

One part of chondrin jelly was dissolved in 218
parts of boiling water, and haf-minim drops were
given to four leaves; so that each received about rriu
of a grain (-135 mg.) of the jelly; and, of course,
much less of dry chondrin. This acted most power-
fully, for after only 3 hrs. 30 m. all four leaves were
strongly inflected. Three of them began to. re-
expand after 24 hrs., and in 48 hrs. were completely
open ; but the fourth had only partially re-expanded.
AH the liquefied chondrin was by this time absorbed.
Hence a solution of chondrin seems to act far more
quickly and energetically than pure gelatine or isin-
glass; but | am assured by good authorities that it
18 mog difficult, or impossible, to know whether
chongri is pure, and if it contained any abumi-
nous compound, this would have produced the above
effects  Nevertheless, | have thought these facts worth
giving, as there is so much doubt on the nutritious
value of gelatine; and Dr. Lauder Brunton does not
know of any experiments with respect to animals on
the relative value of gelatine and chondrin.

Milk—We have seen in the last chapter that milk
racts most powerfully on the leaves; but whether this
° due to the contained casein or albumen, | know not.
Rather large drops of milk excite so much secretion
(which is very acid) that it sometimes trickles down
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from the leaves, and this is likewise characteristic of
chemically prepared casein. Minute drops of milk,
placed on leaves, were coagulated in about ten
minutes.. Schiff denies* that the coagulation of milk
by gastric juice is exclusvely due to the acid which
Is present, but attributes it in part to the pepsin;
and it seems doubtful whether with Drosera the
coagulation can be wholly due to the acid, as the
secretion does not commonly colour litmus paper
until the tentacles have become wel inflected;
whereas the coagulation commences, as we have seen,
in about ten minutes. Minute drops of skimmed
milk were placed on the discs of five leaves, and a
large proportion of the coagulated matter or curd
was dissolved in 6 hrs. and still more completely
in 8 hrs. These leaves re-expanded after two days,
and the viscid fluid left on their discs was then care-
fully scraped off and examined. It scemed at first
sight as if all the casaein had not been dissolved, for
a little matter was left which appeared of a whitish
colour by reflected light. But this matter, when
examined under a high power, and when compared
with a minute drop of skimmed milk coagulated by
acetic acid, was seen to condst exclusvely of oil-
globules, more or less aggregated together, with no
trace of casein. As | was not familiar with the
microscopical appearance of milk, | asked Dr. Lauder
Brunton to examine the dides, and- he tested the
globules with ether, and found that they were dis
solved. We may, therefore, conclude that the secretion
quickly dissolves casain, in the state in which it exists
in milk.

Chemically Prepared Casein.—T his substance, which

* 4 e9ons,’ &c. torn. ii. p. 151.
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is insoluble in water, is supposed by many chemists to
differ from the casein of fresh milk. | procured some,
consisting of hard globules, from Messrs. Hopkins and
Williams, and tried many experiments with it. Small
particles and the powder, both in a dry state and
moistened with water, caused the leaves on which they
were placed to be inflected very slowly, generally not
until two days had elapsed. Other particles, wetted
with weak hydrochloric acid (one part to 437 of
water) acted in a single day, as did some casan
freshly prepared for me by Dr. Moore. The ten-
tacles commonly remained inflected for from seven
to nine days; and during the whole of this time the
secretion was strongly acid. Even on the eeventh
day some secretion left on the disc of a fully re
expanded leaf was strongly acid. The acid seems
to be secreted quickly, for in one case the secre
tion from the discal glands, on which a little
powdered casein had been drewed, coloured litmus
paper, before any of the exterior tentacles Avae
inflected.

Small cubes of hard casein, moistened with water,
were placed on two leaves; after three days one cube
had its angles a little rounded, and after seven days
both consisted of rounded softened masses, in the
midst of much viscid and acid secretion; but it must
not be inferred from this fact that the angles were
dissolved, for cubes immersed in water were similarly
acted on. After nine days these leaves began to re
expand, but in thisand other cases the casein did not
appear, as far as could be judged by the eye, much, if
*t all, reduced in bulk. According to Hoppe-Seyler
and Lubavin* casein consists of an albuminous, with

Dr. Lauder Brunton Handbook for Phys. Lab." p. 529.
I 2
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a non-albuminous, substance; and the absorption of a
very smal quantity of the former would excite the
leaves, and yet not decrease the casein to a percep-
tible degree. Schiff asserts*—and this is an import-
ant fact for us—that " la caséine purifiée des chiniistes
est un corps presque completement inattaguable par
le sue gastrique." So that here we have another
point of accordance between the secretion of Drosera
and gastric juice, as both act so differently on the
fresn casein of milk, and on that prepared by
chemigts.

A few trials were made with cheese ; cubes of » of
an inch (*27 mm.) were placed on four leaves, and
these after one or two days became wdl inflected,
their glands pouring forth much acid secretion.
After five days they began to re-expand, but one
died, and some of the glands on the other leaves were
injured. Judging by the eye, the softened and sub-
Sded masses of cheese, left on the discs, were very
little or not at all reduced in bulk. We may, how-
ever, infer from the time during which the tentacles
remained inflected—from the changed colour of some
of the glands—and from the injury done to others,
that matter had been absorbed from the cheese.

Legumin.—I did not procure this substance in a
separate state; but there can hardly be a doubt that
it would be easlly digested, judging from the powerful
effect produced by drops of a decoction of green
peas, as described in the last chapter. Thin dices of
a dried pea, after being soaked in water, were placed
on two leaves; these became somewhat inflected in
the course of a single hour, and most strongly so in
21 hrs. They re-expanded after three or four days.

»Lemons,’ &c. torn. ii. p. 153.
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The dices were not liquefied, for the walls of the cdlls,
composed of cellulose, are not in the least acted on
by the secretion.

Pollen.—A little fresh pollen from ‘the common pea
was placed on the discs-of five leaves, which soon
became closdly inflected, and remained so for two or
three days.

The grains being then removed, and examined under
the microscope, were found discoloured, with the oil-
globules remarkably aggregated. Many had their
contents much shrunk, and some were amost empty.
In only a fev cases were the pollen-tubes emitted.
There could be no doubt that the secretion had
penetrated the outer coats of the grains, and had
partially digested their contents. So it must be
with the gastric juice of the insects which feed on
pollen, without masticating it.* Drosera in a state of
nature cannot fail to profit to a certain extent by this
power of digesting pollen, as innumerable grains from
the carices, grasses, rumices, fir-trees, and other wind-
fertilised plants, which commonly grow in the same
neighbourhood, will be inevitably caught by the viscid
secretion surrounding the many glands.

Gluten.—This substance is composed of two albu-
minoids, one soluble, the other insoluble in acohol.f
Some was prepared by merely washing wheaten flour
m water. A provisond trial was made with rather
large pieces placed on two |eaves; these, after 21 hrs,,
were closdly inflected, and remained so for four days,
when one was killed and the other had its glands
extremely blackened, but was not afterwards observed.

* Mr. A. W.Bennett foundthe Hort. Soc. of London,’ val. iv.
undigested coats of the grainsin 1874, p. 158.
the, Intestinal canal of pollen- tWatts' Diet, of Chemlsiry
‘eating Diptera; see 'Journal of vol. ii. 1872, p. 873,
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Smadler bits were placed on two leaves,; these were
only dlightly inflected in two days, but afterwards
became much more so. Their secretion was not so
strongly acid as that of leaves excited by casain.
The bits of gluten, after lying for three days on the
leaves, were more transparent than other bits left for
the same time in water. After seven days both leaves
re-expanded, but the gluten seemed hardly at all
reduced in bulk. The glands which had been in
contact with it were extremely black. Still smaller
bits of haf putrid gluten were now tried on two
leaves, these were wdl inflected in 24 hrs., and
thoroughly in four days, the glands in contact being
much blackened. After five days one leaf began to
re-expand, and after eight days both were fully re-
expanded, some gluten being still left on their discs.
Four little chips of dried gluten, just dipped in
water, were next tried, and these acted rather dif-
ferently from fresh gluten. One lesf was amost
fully re-expanded in three days, and the other three
leaves in four days. The chips were greatly softened,
amost liquefied, but not nearly all dissolved. The
glands which had been in contact with them, instead
of being much blackened, were of avery pale colour,
and many of them were evidently killed.

In not one of these ten cases was the whole of the
gluten dissolved, even when very smal bits were
given. | therefore asked Dr. Burdon Sanderson to
try gluten in artificia digestive fluid of pepsin with
hydrochloric acid; and this dissolved the whole.
The gluten, however, was acted on much more dowly
than fibrin; the proportion dissolved within four
hours being as 408 of gluten to 100 of fibrin.
Gluten was dso tried in two other digestive fluids,
in which hydrochloric acid was replaced by propionic
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and butyric acids, and it was completely dissolved by
these fluids at the ordinary temperature of a room.
Here, then, at last, we have a case in which it appears
that there exists an essential difference in digestive
power between the secretion of Drosera and gastric
juice; the difference being confined to the ferment,
for, as we have just seen, pepsin in combination with
acids of the acetic series acts perfectly on gluten.
| believe that the explanation lies smply in the fact
that gluten is too poweful a stimulant (like raw
meat, or phosphate of lime, or even too large a piece
of abumen), and that it injures or kills the glands
before they have had time to pour forth a sufficient
supply of the proper secretion. That some matter is
absorbed from the gluten, we have clear evidence in
the length of time during which the tentacles remain
inflected, and in the greatly changed colour of the
glands.

At the suggestion of Dr. Sanderson, some gluten
was left for 15 hrs. in wesk hydrochloric acid ("02 per
cent.), iu order to remove the starch. It became
colourless, more transparent, and-swollen. Small
portions were washed and placed on five leaves, which
were soon closdly inflected, but to my surprise re-
expanded completely in 48 hrs. A mere vestige of
gluten was left on two of the leaves, and not a vestige
on the other three. The viscid and acid secretion,
which remained on the discs of the three latter
leaves, was scraped off and examined by my son
under a high power; but nothing could be seen
except a little dkt, and a good many starch grains
which had not been dissolved by the hydrochloric
acid. Some of the glands were rather pae. We
thus learn that gluten, treated with wesk hydro-
chloric acid,* is not so powerful or so enduring a’
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stimulant as fresh gluten, and does not much injure
the glands; and we further learn that it can be di-
gested quickly and completely by the secretion.

Globulin or Crystallin.—T his substance was kindly prepared
for me from the lens of the eye by Dr. Moore and consisted of
hard, colourl%atransparent fragments. It issaid* that globulin
ought to " swel up in water and dissolve, for the most part
forming a gummy liquid;'* but this did not occur with the above
fragments, though kept in water for four days. Particles, some
moistened with water, others with weak hydrochloric acid,
others soaked in water for one or two days, were placed on
nineteen leaves. Mog of these leaves, especially those with the
long soaked particles, became strongly inflected in a few hours.
The greater number re-expanded after three or four days; but
three of tho leaves remained inflected during one, two, or three
additional days. Hence some exciting matter must have been
absorbed; but the fragments, though perhaps softened in.a
greater degree than those kept for the same time in water,
retained all their angles as sharp as ever. As globulin is an
albuminous substance, | was astonished at this result; and my
object being to compare the action of the secretion with that of
gadtric juice, | aked Dr. Burdon Sanderson to try some of the
globulin used by mo. He reports that " it was subjected to a
liquid containing 0*2 per cent, of hydrochloric acid, and about
1 per cent, of glycerine extract of the somach of a dog. It was
then ascertained that this liquid was capable of digesting 1*81
of its weight of unboiled fibrin in 1 hr.; whereas, during the
hour, only 0*141 of the above globulin was dissolved. In both
cases an excess of the substance to be digested was subjected to
the liquid."t Wo thus seo that within tho same time less than
one-ninth by weight of globulin than of fibrin was dissolved;
and bearing in mind that pepsin with acids of tlio acetic Borics
has only about ouc-third of the digestive power of pepsin with
hydrochloric adid, it is not surprisng that the fragments of

* Watts' 'Diet, of Chemigtry,
val. ii. p. 874.
t | may add that Dr. Sander-
son& gpared somo fresh globulin
hmidt's method, and of this

805 was dissolved within the
nj.mo time, namely, ono hour; BO

that it was far more soluble than
that which | used, though leas
soluble than fibrin, of which, as
we havo seen, 1*31 was dissolved,
| wish that | had tried on Dro-

sera globulin prepared by this
method.
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globulin were not corroded or rounded by the secretion of
Drosera, though some soluble matter was certainly extracted
from them and absorbed by the glands.

Hcematin.—Some dark red granules, prepared from bullock's
blood, were given me; these were found by Dr. Sanderson to
be insoluble in water, acids, and alcohol, so that they were pro-
bably haematin, together with" other bodies derived from the
blood. Particles with little drops of water were placed on
four leaves, three of which were pretty closely inflected in two
days; the fourth only moderately so. On the third day the
glands in contact with the haGmatin were blackened, and some
of the tentacles seemed injured. After five days two leaves
'died, and the third was dying; the fourth was beginning to re-
expand, but many of its glands were blackened and injured.
It is therefore clear that matter had been absorbed which was
either actually poisonous or of too stimulating a nature. Tho
particles were much more softened than those kept for the same
time in water, but, judging by the eye, very little reduced in
bulk. Dr. Sanderson tried this substancewith artificial digestive
fluid, m the manner described under globulin, and found that
whilst 1-31 of fibrin, only 0*456 of the hsBmatin was dissolved
In an hour; but the dissolution by the secretion of even a less
amount would account for its action on Drosera.  The residue
left by the artificial digestive fluid at first yielded nothing more
to it during several succeeding days.

Suhtanceswhich arenot Digested hj the Secretion.

. -All the substances hitherto mentioned cause pro-
longed inflection of the tentacles, and are either com-
igletely or at least partially dissolved by the secretion.
*“t there are many other substances, some of them
continuing nitrogen, which are not in the least acted
on by the secretion, and do not induce inflection for a
Jonger time than do inorganic and insoluble oljects.
*Thee unexciting and indigestible substances are, as
*a as | have observed, epidermic productions (such
»S bits of human nails, balls of huir, the quills of
[eathers), fibro-elastic tissue, mucin, pepsin, urea,
ehitine, chlorophyll, cellulose, gun-cotton, fat, oil, and
sturcli.
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To these may be added dissolved sugar and gum,
diluted alcohol, and vegetable infusons not containing
albumen, for none of these, as shown in the last
chapter, excite inflection. Now, it is a remarkable
fact, which affords additional and important evidence,
that the ferment of Droscra is closely similar to or
identical with pepsin, that none of those same sub-
stances are, as far asit is known, digested by the gas-
tric juice of animals, though some of thorn are acted
on by the other secretions of the alimentary canal.
Nothing more need be said about some of the above
enumerated substances, excepting that they were re-
peatedly tried on the leaves of Urosera, and were not
in the least affected by the secretion. About the
others it will be advisable to give my experiments.

Filro-dastic Tissue—"We have already seen that when little
cubes of meat, & ¢, wore placed on leaves, the muscles, arcolar
tissue, and cartilage were completely dissolved, but the fibro-
elastic tissue, even the most delicate threads, were left without
the least signs of having been attacked. And it iswel known
that this tissue cannot be digested by the gastric juice of
animals*

Mucin.—As this substance contains about 7 per cent, of
nitrogen, | expected that it would havo excited the leaves
greatly and been digested by the secretion, but in this |
was mistaken. From what is stated in chemical wcrks, it
appears extremely doubtful whether mucin can be prepared as
apuro principle. That which | used (prepared by Dr. Moore)
was dry and hard. Particles moistened with water were placed
on four leaves, but after two days there was only a trace of
inflection in the immediately adjoining tentacles. These leaves
were then tried with bits of meat, and all four soon became
srongly inflected. Some of the dried mucin was then soaked
in water for two days, and littlo cubes of the prope size
were placed on three leaves. After four days the tentacles

* Sec, jor nihiiuiccf Schiff,’ Thys. do la DigChtion,' 1867, torn. ii.
p. 38.
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round the margins of the discs were a little inflected, and
the secretion collected on the disc was acid, but the exterior
tentacles were not affected. Qne leaf began to re-expand on the
fourth day, and all were fully re-expanded on the sixth. The
glands which had been in contact with tho Imicin were a littlo
darkened. We may therefore conclude that a small amount of
some impurity of a moderately exciting nature had been
absorbed. That the mucin employed by me did contain some
soluble matter was proved by Dr. Sanderson, who on subjecting
it to artificial gastric juice found that in 1 hr. some was dis-
solved, but only in the proportion of 23 to 100 of fibrin during
the same time. Tho cubes, though perhaps rather softer than
those left in water for tho same time, retained their angles as
sharp as ever. We may therefore infer that the mucin itself
was not dissolved or digested. Nor is it digested by tho
gastric juice of living animals, and according to Schiff * it is a
layer of this substance which protects the coats of the stomach
Iy being corroded during digestion.

Pepsin—My experiments arc hardly worth giving, as it is
~cireely possible to prepare pepsin free from other albuminoids;
but | was curious to ascertain, as far as that was possible,
whether the ferment of the secretion of Droscra would act on
the ferment of tho gastric juice of animals. | firs used the
common pepsin sold for medicinal purposes, and afterwards
some which was much purer, prepared for me by Dr. Moore
Five leaves to which a considerable quantity of the former was
Riven remained inflected for live days; four of them then died,
apparently from too great stimulation. | then tried Dr. Mooro's
Pepsin, making it into a paste with water, and placing such
small particles on the discs of five leaves that all would have
been quickly dissolved had it been meat or albumen. The
leaves were soon inflected; two of them began to ro-cxpand
after only 20 hrs,, and the other three were almost completely
fo-cxpanded after 41 hrs. Some of the glands which had been
in contact with the particles of pepsin, or with the acid secre-
tion surrounding them, were singularly pale, whereas others
Weae singularly dark-coloured. Some of the secretion was
scraped off and examined under a high power; and it abounded
with granules undistingtiishable from those of i>gpan left in
Wate for tho same length of timo. Wo may therefore infer,
18 highly probable (remembering what small quantities were
given), that the ferment of Drosera does not act on or digest

* ¢ Legons phys. do la Digestion/ 18G7, torn. ii. \u 304.
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pepsin, but absorbs from it some albuminous impurity which
induces inflection, and Wliich in large quantity is highly
injurious. Dr. Lauder Brunton at my request endeavoured to
ascertain whether pepsin with hydrochloric acid would digest
pepsin, and as far as he could judge, it had no such power.
Gadtric juice, therefore, apparently agrees in this respect with
the secretion of Drosera

Urea—It seemed to me an interesting inquiry whether this
refuse of the living body, which contains much nitrogen,
would, like so many other animal fluids and substances, be
absorbed by the glands of Drosera and cause inflection. Half-
minim drops of a solution of one part to 437 of water were
placed on the discs of four leaves, each drop containing the
quantity usually employed by me, namely ~ of a grain, or
«67-1 mg.; but the leaves were hardly at all affected. They
were then tested with bits of meat, and soon became closaly
inflected. | repeated the same experiment on four leaves
with some fresh urea prepared by Dr. Moore, after two days
there was no inflection; | then gave them another dose, but
still there was no inflection. These leaves were afterwards
tested with amilarly sized drops of an infuson of raw meat,
and in 6 hrs. there was consderable inflection, which became
excessve in 24 hrs. But the urea apparently was not quite
pure, for when four leaves were immersed in 2 dr. (71 ml.) of
the solution, so that all the glands, instead of merely those on
the disc, were enabled to absorb any small amount of impurity
in solution, there was condderable inflection after 24 hrs,
certainly moro than would have followed from a smilar im-
merson in pure water. That the urea, which wus not per-
fectly white, should have contained a sufficient quantity of
albuminous matter, or of some salt of ammonia, to have caused
the above dfect, is far from surprising, for, as wo shall see
in the next chapter, astonishingly small doses of ammonia
are highly efficent. We may therefore conclude that urea itsalf
IS not exciting or nutritious to Drosera; nor is it modified by
the secretion, so asto be rendered nutritious, for, had this been
the case, all the leaves with drops on their discs assuredly
would have been well inflected. Dr. Lauder Brunton informs
me that from experiments made at my request at St. Bartho-
lomew's Hospital it appears that urea is not acted on by
artificial gastricjuice, that is by pepsn with hydrochloric acid.

Chiline—T he chitinous coats of insects naturally captured by
the leaves do not appear in the least corroded. Small square
pieces of the delicate wing and of the eytron of a Staphylinus
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were placed on some leaves, and after these had re-expanded,
the pieces were carefully examindi. Ther angles were as
sharp as ever, and they did not differ in appearance from the
other wing and dytron of thd same insect which had been left
in water. The eytron, however, had evidently yielded some
nutritious matter, for the leaf remained clasped over it for four
days, whereas the leaves with bits of the true wing re-expanded
on the second day. Any one who will examine the excrement
of insect-eating animals will see how powerless their gastric-
juiceison chitine.

Ctllulose.—I did not obtain this substance in a separate state,
but tried angular bits of dry wood, cork, sphagnum maoss, linen,
and cotton thread. None of these bodies were in the least
attacked by the secretion, and they caused only that moderate
amount of inflection which is common to all inorganic objects.
Gun-cotton, which consists of cellulose, with the hydrogen
replaced by nitrogen, was tried with the same result We have
seen that a decoction of cabbage leaves excites the most power*
ful inflection. | therefore placed two little square bits of the
blade of a cabbage leaf, and four little cubes cut from the
nridrib, on six leaves of Drosera. These became well inflected
Hi 12 hrs, and remained so for between two and four days;
the bits of cabbage being bathed all the time by acid secre-
tion. This shows that 6omc exciting matter, to which | shall
presently refer, had been absorbed; but the angles of the
sguares and cubes remained as sharp as ever, proving that the
framework of cellulose had not been attacked. Small square
bits of spinach leaves were tried with the 6ome result; the
glands pouring forth a moderate supply of acid secretion,
a*d the tentacles remaining inflected for three days. We have
also seen that the delicate coats of pollen grains are not dissolved
by the secretion. It is well known that the gastric juice of
animals does not attack cellulose.

Chlorophyll.—Thissubstancewastried, asit containsnitrogen.
Dr. Moore sent me some preserved in alcohol; it wasdried, but
oon deliquesced.  Particles were placed on four leaves, after
* hrs. the secretion was acid; after 8 hrs. there was a good desl
of inflection, which in 21 hrs. became fairly well marked. After
four days two of the leaves began to open, and the other two
"erethen almos fully re-expanded. It is therefore clear that
this chlorophyll contained matter which excited the leavesto a
Moderate degree; but judging by the eye, little or none wasdis-
solved ; sothat in a pure state it would not probably have been
attacked hv A" secretion. Dr. Sanderson tried that which |
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used, as-well as some freshly prepared, with artificial digestive
liquid, and found that it wm not digested. Dr. Lauder Brunton
likewise tried some prepared by the process given in the British
Pharmacopoeia, and exposed it for five days at the temperature
of 37° Cent, to digestive liquid, but it was not diminished in
bulk, though the fluid acquired a dlightly brown colour. It was
also tried with the glycerine extract of pancreas with a negative
result. Nor does chlorophyll seem affected by the intestinal
secretions of various animals, judging by the colour of ther
excrement.

It must not be supposed from these facts that the grains of
chlorophyll, asthey exist in living plants, cannot be attacked by
the secretion; for these grains consist of protoplasm merdy
coloured by chlorophyll. My son Francis placed a thin dice of
pinach leaf, moistened with saliva, on a leaf of Drosera, and
other dlices on damp cotton-wool, all exposed to the same
temperature. After 19 hrs. the dice on the leaf of Drosera was
bathed in much secretion from the inflected tentacles, and was
now examined under the microscope. No perfect grains of
chlorophyll could bo distinguished; some were shrunken, of a
yellowish-green colour, and collected in the middle of the cells;
others were disintegrated and formed a yellowish mass, likewise
in the middle of the cells. On the other hand, in the dices
surrounded by damp cotton-wool, the grains of chlorophyll were
green and as perfect asever. My son also placed some dlices
in artificial gastric juice, and these were acted on in nearly the
same manner as by the secretion. We have seen that bits of
fresh cabbage and spinach leaves cause the tentacles to be in-
flected and the glands to pour forth much acid secretion; and
there can be little doubt that it is the protoplasm forming tho
grains of chlorophyll, as well as that lining tho walls of the
cells, which excites the leaves.

Fut and Oil.—Cubes of almost pure uncooked fat, placed on
several leaves, did not havo their angles in the least rounded.
We have also seen that tho oil-globules in milk are not digested.
Nor does olive oil dropped on tho discs of leaves cause any
inflection; but when they areimmersed in olive ail, they become
strongly inflected; but to this subject | shall have to recur.
Oily substances are not digested by the gastric juice of animals.

Starch.—Bather large bitsof dry starch caused well-marked
inflection, and the leaves did not re-expand until the fourth
day; but | have no doubt that this was due to the prolonged
irritation of the glands, as the starch continued to absorb the
secretion.  Tho particles were not in the least reduced in size;



CHAP. V1. DIGESTION. 127

and we know that leaves immersed in an emulson jof sarch
are not at all affected. | need hardly say that starch is not
digested by the gadtricjuice of animals.

Action of the Secretion on Living Seeds,

The results of some experiments on living seeds, selected by
hazard, may here be given, though they bear only indirectly on
our present subject of digestion.

Seven cabbage seeds of the previous year wore placed on the
same number of leaves. Some of these leaves were moder atdly,
but the greater number only dightly inflected, and most of
them re-expanded on the third day. One however, remained
clasped till the fourth, and another till the fifth day. These
leaves therefore were excited somewhat moro by the seeds than
by inorganic objects of the same size. After they re-expanded,
the seeds were placed under favourable conditions on damp
sand; other seeds of the same lot being tried at the same time
in the same manner, and found to germinate well. Of the seven
seeds which had been exposed to the secretion, only three ger-
niinatcd; and one of the three seedlings soon perished, the tip
of its radicle being from the first decayed, and the edges of
its cotyledons*of a dark brown colour; so that altogether five

°ut of the seven seeds ultimately perlshed

Hadish seeds (Itaphanus satiou*) of the previous year wero
placed on three leaves, which became moderately inflected, and
‘e-expanded on the third or fourth day. Two of these seeds
Wee tranderred to damp sand; only one germinated, and that
‘ery dowly. This seedling had an extremely short, crooked,
diseased, radicle, with no absorbent hairs; nnd tho cotyledons
were oddly mottled with purple, with the edges blackened and
partly withered.

Cress seeds (Lepidum sativuni) of the previous year wore
placed on four leaves; two of these next morning were inodo-
ratoly and two'strongly inflected, and remained so for four,
hve, and even six days. Soon after these seeds were placed on
the leaves and had become damp, they secreted in the usual
manner a layer of tenacious mucus; and to ascertain whether
A was the absorption of this substance by the glands which
caused so much inflection, two seeds -were put into water, and
JW much of the mucus as possible scraped of. They were then
placed on leaves, which became very strongly inflected in the
course of 3 hrs, and weo still closaly inflected on the third

(t3; sothat it ewdently was not the mucus which excited so
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much inflection ; onthe contrary, this served to a certain extent
asa protection to the seeds. Two of the ajx seeds germinated
whilst still lying on the leaves, but the seedlings, when trans-
ferred to damp sand, soon died; of the other four seeds, only one
germinated.

Two seeds of mustard (Sfnapis iiigra), two of ceery (Apium
graveolens)—both of the previous year, two séeds well soaked of
caraway (Carum carui), and two of wheat, did not excite the
leaves more than inorganic objects often do. Five seeds, hardly
ripe, of a buttercup (Ranunculus), and two fresh seeds of Ane-
mone nemorosa, induced only a little more effect. On the other
hand, four seeds, perhaps not quiteripe, of Carex sylvatica caused
the leaves on which they were placed to be very strongly in-
flected; and these only began to re-expand on the third day,
one remaining inflected for seven days.

It follows from these fow facts that different kinds of seeds
excite the loaves in very different degrees, whether this is
solely due to the nature of their coats is not clear. In the case
of the cress seeds, th6 partial removal of the layer of mucus
hastened the inflection of the tentacles. Whenever the leaves
remain inflected during several days over seeds, it is clear that
they absorb some matter from them. That the secretion pone-
trates their coats is also evident from the large proportion of
cabbage, raddish, and cress seeds which were killed, and from
several of the seedlings being greatly injured. This injury to
the seeds and seedlings may, however, bo due soldly to the acid
of the secretion, and not to any process of digestion; for Mr.
Traherne Moggridge has shown that very weak acids of the
acetic series are highly injurious to seeds. It never occurred
to mo to observe whether seeds are often blown on to the viscid
leaves of plants growing in a state of nature; but this can
hardly fail sometimes to occur, as we shall hereafter see in the
case of Pinguicula. If so, Drosera will profit to a'dight degree
by absorbing matter from such Feeds

Summary and Concluding Remarks on the Digestive
Power of Drosera.

When the glands on the disc are excited ether
by the absorption of nitrogenous matter or by
mechanical irritation, their secretion increases in
guantity and becomes acid. They likewise transmit
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ome influence to the glands of the exterior ten-
tacles, causing f|$m to secrete more copioudly; and
their secretion likewise becomes acid. With ani-
mals, according to Schiff* mechanical irritation ex-
cites the glands of the stomach to secrete an acid,
but not pepsn. Now, | have every reason to be-
lieve (though the fact is not fully established), that
although the glands of Drosera are continually secret-
g viscid fluid to replace that lost by evaporation,
yet they do not secrete the ferment proper for di-
gestion when mechanically irritated, but only after
absorbing certain matter, probably of a nitrogenous
nature. | infer that thisisthe case, as the secretion
from a large number-of leaves which had been
irritated by particles of glass placed on their discs
did not digest albumen; and more especidly from
the analogy of Dionssa and Nepenthes. In like
manner, the glands of the stomach of animals secrete
pepsin, as Schiff asserts, only after they have ab-
sorbed certain soluble substances, which he desig-
nates as peptogenes. There is, therefore, a remarkable
paralelism between the glands of Drosera and those
°f the somach in the secretion of their proper acid
and ferment.

The secretion, as we have seen, completely dissolves
abumen, muscle, fibrin, areolar tissue, cartilage, the
fibrous badis of bone, gelatine, chondrin, casain in the
state in which it exists in milk, and gluten which has
been subjected to wesk hydrochloric acid.  Syntonin
®nd legumin excite the leaves so powerfully and
quickly that there can hardly be a doubt that botli
would be dissolved by the secretion. The secretion

. >

* Thys. dela Digegtion,’ 1867, torn. ii. pp 183 2+5.
K
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faled to digest fresh gluten, apparently from its
injuring the glands, though some w#s absorbed. Raw
meat, unless in very smal bits, and large pieces of
abumen, &c, likewise injure the leaves, which seem
to suffer, like animas, from a surfeit. | know not
whether the analogy is a rea one, but it is worth
notice that a decoction of cabbage leaves is far more
exciting and probably nutritious to Drosera than an
infuson made with tepid water; and boiled cabbages
are far more nutritious, at least to man, than the un-
cooked leaves. The most striking of all the cases,
though not really more remarkable than many others,
Is the digestion of so hard and tough a substance as
cartilage. The dissolution of pure phosphate of lime,
of bone, dentine, and especially enamd” seems won-
derful ; but it depends merely on the long-continued
secretion of an acid; and thisis secreted for a longer
time under these circumstances than under any other.
It was interesting to observe that as long as the acid
was consumed in dissolving the phosphate of lime, no
true digestion occurred; but that as soon as the bone
was completely decdcified, the fibrous basis was at-
tacked and liquefied with the greatest ease. The
twelve substances above enumerated, which are com-
pletely dissolved by the secretion, are likewise dis
solved by the gastric juice of the higher animals;
and they are acted on in the same manner, as shown
by the rounding of the angles of albumen, and more
especialy by the manner in which the transverse drice
of the fibres of muscle disappear.

The secretion of Drosera and gastric juice were
both able to dissolve some element or impurity out of
the globulin and h«matin employed by me. The
secretion aso dissolved something out of chemically
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prepared casein, which is said to consist of two sub-
stances; and although Schiff asserts that casein in
this state is not attacked by gastric juice, he might
easly have overlooked a minute quantity of some
albuminous matter, which .Drosera would detect and
absorb. Again, fibro-cartilage, though not properly
dissolved, is acted on in the same manner, both by
the secretion of Drosera and gastric juice. But this
substance, as well as the so-caled haematin used bv
me, ought perhaps to have been classed with indi-
gestible substances.

That gastric juice acts by means of its ferment,
pepsin, solely in the presence of an acid, is wedl
established; and we have excellent evidence that a
ferment is present in the secretion of Drosera, which
likewise acts only in the presence of an acid; for we
have seen that when the secretion is neutralised by
minute drops of the solution of an alkali, the diges-
tion of albumen is completely stopped, and that on
the addition of a minute dose of hydrochloric acid it
immediately recommences.

The nine following substances, or classes of sub-
stances, namely, epidermic productions, fibro-elastic
tissue, mucin, pepsin, urea, chitine, cellulose, gun-
cotton, chlorophyll, starch, fat and oil, are not acted
wi by the secretion of Drosera; nor are they, as far as
's known, by the gastric juice of animals. Some
soluble matter, however, was extracted from the mucin,
pepsin, and chlorophyll, used by me, both by the
**3retion and by artificial gastric juice.

The severa substances, which are completely dis-
solved by the secretion, and which are .afterwards
absorbed by the glands, affect the leaves rather dif-
ferently. They induce inflection at very different

K 2
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rates and in very different degrees, and the ten-
tacles remain inflected for very different periods of
time. Quick inflection depends partly on the quan-
tity of the substance given, so that many glands are
simultaneoudly affected, partly on the facility with
which it is penetrated and liquefied by the secretion,
partly on its nature, but chiefly on the presence of
exciting matter already in solution. Thus sdiva, or
a wesk solution of raw mesat, acts much more quickly
than even a strong solution of gelatine. Ho again
leaves which have re-expanded, after absorbing drops
of a solution of pure gelatine or isinglass (the latter
being the more powerful of the two), if given bits
of meat, are inflected much more energetically and
quickly than they were before, notwithstanding that
some rest is generaly requisite between two acts
of inflection. We probably see the influence of tex-
ture in gelatine and globulin when softened by
having been soaked in water acting more quickly
than when merely wetted. It may be partly due to
changed texture, and partly to changed chemicd
nature, that albumen, which has been kept for some
time, and gluten which has been subjected to wesk
hydrochloric acid, act more quickly than these sub-
stances in their fresh state.

The length of time during which the tentacles re-
main inflected largely depends on the quantity of the
substance given, partly on the facility with which it is

_penetrated or acted on by the secretion, and partly
on its essential nature. The tentacles dways remain
inflected much longer over large bits or large drops
than over small bits or drops. Texture probably
plays a part in determining the extraordinary length
of time during which the tentacles remain inflected
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over the hard grains of chemicaly prepared casein.
But the tentacles remain inflected for an equally long
time over findy powdered, precipitated phosphate of
lime; phosphorus in this latter case evidently being
the attraction, and animal matter in the case of casain.
The leaves remain long inflected over insects, but it is
doubtful how far this is due to the protection afforded
by their chitinous integuments; for anima matter is
soon extracted from insects (probably by cxosmose from
their bodies into the dense surrounding secretion),
as shown by the prompt inflection of the leaves. We
see the influence of the nature of different substances
in bits of meat, albumen, and fresh gluten acting very
differently from equal-sized bits of gelatine, areolar
tissue, and the fibrous bass of bone. The former
cause not only far.more prompt and energetic, but
more prolonged, inflection than do the latter. Hence
we are, | think, judified in believing that gelatine,
areolar tissue, and the fibrous bass of bone, would be
far less nutritious to Drosera than such substances
as insects, meat, albumen, &c. This is an interest-
ing conclusion, as it 'is known that gelatine afords
but little nutriment to animals, and so, probably,
would areolar tissue and the fibrous basis of bone.
The chondrin which | used acted more powerfully
than gelatine, but then | do not know that it was
pure. It is a more remarkable fact that fibrin, which
belongs to the great class of Proteids* including
abumen in one of its sub-groups, does not excite
the tentacles in a greater degree, or keep them in-
flected for a longer time, than does gelatine, or

* See tho classification adopted by Dr. Michael Foster in Watts
'‘Diet, of Chemistry," Supplement 1872, p. 9GJ.
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areolar tissue, or the fibrous basis of bone. It is not
known how long an animal would survive if fed on
fibrin alone, but Dr. Sanderson has no doubt longer
than on gelatine, and it would be hardly rash to pre
dict, judging from the effects on Drosera, that albu-
men would be found more nutritious than fibrin.
Globulin likewise belongs to the Proteids, forming
another sub-group, and this substance, though con-
taining some matter which excited Drosera rather
strongly, was hardly attacked by the secretion, and
was very little or very dowly attacked by gastric
juice. How far globulin would be nutritious to ani-
mals is not known. We thus see how diiferently the
above specified several digestible substances act on
Drosera; and we may infer, as highly probable, that
they would in like manner be nutritious in very dif-
ferent degrees both to Drosera and to animals.

The glands of Drosera absorb matter from living
seeds, which are injured or killed by the secretion.
They likewise absorb matter from pollen, and from
fresh leaves; and this is notoriously the case with
the ssomachs of vegetable-feeding animals. Drosera
Is properly an insectivorous plant; but as pollen
cannot fail to be often blown on to the glands, as
will occasionally the seeds and leaves of surrounding
plants, Drosera is, to a certain extent, a vegetable-
feeder.

Finally, the experiments recorded in this chapter
show us that there is a remarkable accordance in thr
power of digestion between the gastric juice of ani-
mals with its pepsin and hydrochloric acid and the
secretion of Drosera with its ferment and acid belong-
ing to the acetic series. We can, therefore, hardly
doubt that the ferment in both cases is closely similar,
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if not identically the same. That a plant and an
animal should pour forth the same, or nearly the same,
complex secretion, adapted for the same purpose ot
digestion, is a new and wonderful fact in physiology.
But | shall have to recur to this subject in the
fifteenth chapter, in my concluding remarks on the
Droser acea3.
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CHAPTEE VII.

THE EFFECTS OF SALTS'OE AMMONIA.

Manne of performing the experiments—Action of distilled water in
comparison with the solutions— Carbonate of ammonia, absorbed
by the roots — The vapour absorbed by the glands— Drops on the
disc— Minute drops applied to sgparate glands— Leaves im-
mersed in weak solutions—Minuteness of the doses which induce
aggregation of the protoplasm — Nitrate of ammonia, analogous

- experiments with — Phaosphate of ammonia, analogous experiments
with — Othe salts of ammonia — Summary and concluding re-
marks on the action of the salts of ammonia.

THE chief object in this chapter is to show how power-
fully the salts of ammonia act on the leaves of Drosera,
and more especially to show what an extraordinarily
smal quantity suffices to excite inflection. | shall,
therefore, be compelled to enter into full details.
Doubly distilled water was dways used; and for the
more delicate experiments, water which had been
prepared with the utmost possble care was given
me by Professor Frankland. The graduated measures
were tested, and found as accurate as such measures
can be. The salts were carefully weighed, and in all
the more delicate experiments, by Bordas double
method. But extreme accuracy would have been
superfluous, as the leaves differ greatly in irritability,
according to age, condition, and constitution. Even
the tentacles on the same leaf differ in irritability
to a marked degree. My experiments were tried in
the following several ways.

Firstly—Drops which were ascertained by repeated trials to
be on an average about half a minim, or theyJ” of afluid ounce
(*02% ml.), were placed by the same pointed instrument on the
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discs of the leaves, and the inflection of the exterior rows of
tentacles observed at successive intervals of time. It was first
ascertained, from between thirty and forty trials, that distilled
water dropped in this manner produces no effect, except that
sometimes, though rardly, two or three tentacles become in-
flected. In fact all the many trials with solutions which were
so weak as to produce no effect lead to the same result that
water is inefficient.

/Secondly.— The head of a small pin, fixed into a handle, was
dipped into the solution under trial. The small drop which
adhered toit, and which was much too small to fall off, was
cautioudy placed, by the aid of a lens, in contact with the secre-
tion surrounding the glands of, one, two, three, or four of the
exterior tentacles of the same lesf. Great caro was taken that
the glands themselves should not be touched. | had supposed
that the drops were of nearly the same size; but on trial this
proved a great mistake. | first measured some water, and re-
moved 300 drops, touching the pin's head each time on blotting-
paper ; and on again measuring the water, a drop was found to
equal on an average about the ™ of a minim. Some water in a
small vessdl was weighed (and this is a more accurate method),
and 300 drops removed as before; and on again weighing the
water, a drop was found to equal on an average only the *£$
of a minim. | repeated the operation, but endeavoured this
time, by taking the pin's head out of the water obliquely and
rather quickly, to remove as large drops as possible; and
the result showed that | had succeeded, for each drop on an,
average equalled ® of a minim. | repeated the operation in
exactly the same manner, and now the drops averaged f* of a
minim.” Bearing in mind that on these two latter occasons
gpecial pains were taken to remove as large drops as possible,
we may safdy conclude that the drops used in my experiments
were at least equal to the” of a minim, or "0020 ml. One of
these drops could be applied to three or even four glands, and
« tho tentacles became inflected, some of the solution must
have been absorbed by all; for drops of pure water, applied
jit- the same manner, never produced any effect. | was able to
hold the drop in steady contact with the secretion only for ten

% feen seconds; and thiswas not time enough for the diffu-
gon of all the salt in solution, as was evident, from three or
jour tentacles treated successively with the same drop, often
becoming inflected. All the matter in solution was even then
probably not exhausted.

Thirdly.—L eaves were cut off and immersed in a measured
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guantity of the solution under trial; the same number of leaves
being immersed at the same time, in the same quantity of the
distilled water which had been used in making the solution.
The leaves in the two lots were compared at short intervals
of time, up to 24 hrs, and sometimes to 48 hrs. They were
immersed by being laid as gently as possble in numbered
watch-glasses, and thirty minims (1*775 ml.) of the solution
or of water was poured over each.

Some solutions, for instance that of carbonate of ammonia,
quickly discolour the glands;, and as all on the same leaf were
discoloured simultaneoudy, they must all have absorbed some
of the salt within the same short period of time. This was
likewise shown by the simultaneous inflection of the several
exterior rows of tentacles. If we had no such evidence as
tliis, it might have been supposed that only the glands of the
exterior and inflected tentacles had absorbed the salt; or that
only those on the disc had absorbed it, and had then transmitted
a maotor impulse to the exterior tentacles, but in this latter case
the exterior tentacles would not have becomo inflected until
somo time had dapsed, insead of within half an hour, or even
within afew minutes, as usually occurred. All the glands on
the same leaf are of nearly the same size, as may best bo seen
by cutting off a narrow transverse strip, and laying it on its
side; hence ther absorbing surfaces are nearly equal. The
long-headed glands on the extreme margin must be exceptcd,
as they aro much longer than the others; but only the upper
surface is capable of absorption. Besdes the glands, both
aurfaces of the leaves and the pedices of the tentacles I>car
numer ous minute papilla), which absorb carbonate of ammonia,
an infuson of raw meat, metallic salts, and probably many
other substances, but the absorption of matter by these papilla)
never induces inflection. Wo must remembe that the rnovo-
ment of each separate tentacle depends on its gland being
excited, except when a motor impulse is transmitted from the
glands of the disc, and then the movement, as just stated,
does not take place until some little time lias dapsed. | have
inado these remarks because they show us that when a leaf is
immersed in a solution, and the tentacles arc inflected, we can
judge with some accuracy how much of the salt each gland has
absorbed. For ingfince, if a leaf bearing 212 glands be immersad
in a measured quantity of a solution, containing\- of a grain of
a salt, and all the exterior tentacles, except twelve, are inflected,
wo may fed surethat each of the 200 glands can on an average
have absorbed at most JJ}* of a groin of the salt. | say at
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most, for the papillre will have absorbed some small amount,
and so will perhaps the glands of the twelve excluded tentacles
which did not become inflected. The application of this prin-
ciple leads to remarkable conclusions with respect to the
minuteness of the doses causing inflection.

On the Action of Digtilled Water in causing Inflection.

Although in all the more important experiments tho dif-
ference between the leaves simultaneously immersed in water
and in the several solutions will be described, nevertheless it
may be well here to give a summary of the effects of water.
The fact, moreover, of pure water acting on the glands deserves
in itself some notice. Leavesto tho number of 141 were im-
mersed in water at the same time with those in the solutions,
and their state recorded at short intervals of time. Thirty-two
other leaves were separately observed in water, making alto-
gether 173 experiments. Many scores of leaves were also im-
mersed in water at other times, but no exact record of tho
effects produced was kept; yet these cursory observations sup-
port the conclusions arrived at in this chapter. A few of tho
long-headed tentacles, namely from one to about six, were
«oiumonly inflected within half an hour after immersion; as
wero occasionally a few, and rarely a considerable number of
tho exterior round-headed tentacles. After an immersion of
from 5 to 8 lira, tho short tentacles surrounding tho outer
parts of the disc generally become inflected, so that their glands
foom a small dark ring on the disc; the exterior tentacles
not partaking of this movement. Hence, excopting in a few
<*axs hereafter to bo specified, we can judge whether a solution
produces any effect only by observing the exterior tentacles
within tho first 3 or 4 hrs. after immersion.

Now for a summary of tho state of the 173 leaves aftor an
immersion of 3 or 4 hrs. in pure water. One leaf had almost
nil its tentacles inflected; three leaves had most of them sub-
inflocted; and thirteen had on an average 3G*5 tentacles in-
flected. Thus seventeen leaves out of the 173 were acted on in
tt marked manner. Eighteen leaves had from seven, to nineteen
tentacles inflected, the average being 93 tentacles for each
leaf. Forty-four leaves had from one to six tentacles inflected,
Renerally tho long-headed ones. So that altogether of tho 173
leaves carefully observed, seventy-nine wero affected by tho
water in some degree, though commonly to a very slight degree;
and ninety-four were not affected in the least degree. This
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amount of inflection is utterly insignificant, as we shall here-,
after see, compared with that caused by very weak solutions
of several salts of ammonia

Plants which have lived for some time in a rather high,
temperature are far more sensitive to the action of water than
those grown out of doors, or recently brought into a warm
greenhouse. Thus in the above seventeen cases, in which the
immersed leaves had a considerable number of tentacles in-
flected, the plunts had been kept during the winter in a very
warm greenhouse; and they tore in the early spring remarkably
fine leaves, of a light red colour. Had | then known that the
sensitiveness of plants was thus increased, perhaps | should
not have used the leaves for my experiments with the very
weak solutions of phosphate of ammonia; but my experim.nts
are not thus vitiated, as | invariably used leaves from the same
plants for simultaneous immersion in water. It often happened
that some leaves on the same plant, and some tentacles on the
same leaf, were more sensitive than others; but why this snmi
be so, | do nut know. -

Besides the differences just indicated between the leaves im-

solutions of ammonia, the ten-
tacles of the latter arc in most
lvasos mucn more closely in-
appearanceof a
leaf after immersion in a few
dror>sof asolution of onegrain
of phosphate of ammonia to
200 oz, of wiitur (i. e. one part
to 87,500) is here reproduced :
such energetic inflection is
never caused by water alone.
With leavesin the weak solu-
tions, the blade or lamina often
becomes inflected; and this ia
SO rare a circumstance with
leaves in water that | have
FIG. 9. si(u only two instances; and
(Drosera rotundi/olia.) in both of these the inflec-
Ledf fe.nlulrfif?iOt edwi}h alll thfl tent*’les — tion was very feeble. Again,
solution of phosphate of ammoniatone ~ With leaves in the weak solu-
part to s7,5uu o water). tions, the inflection of the tcn-
taclcaand blade often goes on
steadily, though slowly, increasing during many hours; tint |

flected_The
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this again is so rare a circumstance with leaves in water that
| have seen only three instances of any such increase after the
first. 8 to 12 hrs.; and in these three instances the two outer
rows of tentacles were not at all affected. Hence thereis some-
times a much greater difference between the leaves in water and
in the weak solutions, after from 8 hrs. to 24 hrs., than there
was within the first 3 hrs.; though as a general rule it is best
to trust to the difference observed within the shorter time.

With respect to the period of the re-expansion of the leaves,
when left immersed either in water or in the weak solutions,
nothing could be more variable. In both cases the exterior
tentacles not rarely begin to re-expand, after an interval of
only from 6 to 8 hrs.; that isjust about the time when the
short tentacles round the borders of the disc become inflected.
On the other hand, the tentacles sometimes remain inflected
‘or a whole day, or even two days; but as a general rule they
remain inflected for a longer period in very weak solutions than
in water. In solutions which are not extremely weak, they
never re-expand within nearly so short a period as six or
eight hours. From these statements it might be thought
difficult to distinguish between the effects of water and the
weaker solutions; but in truth there is not the slightest diffi-
culty until excessively weak solutions are tried; and then the
distinction, as might be expected, becomes very doubtful, and
>t last disappears. But as in all, except the simplest, cases
the state of the leaves simultaneously immersed for an equal
length of time in water and in the solutions will be described,
the reader can judge for himself.

CARBONATE OF AMMONIA.

This salt, when absorbed by the roots, does not cause
the tentacles to be inflected. A plant was so0 placed
itt a solution of one part of the carbonate to 146 of
water that the young uninjured roots could be ob-
sarved. The terminal cells, which were of a pink
colour, instantly became colourless, and their limpid
contents cloudy, like a mezzo-tinto engraving, so that
some degree of aggregation was almost instantly
caused; but no further change ensued, and the ab-
sorbent hairs were not visibly affected. The tentacles™
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did not bend. Two other plants were placed with
their roots surrounded by damp moss, in half an ounce
(14198 ml.) of a solution of one part of the carbo-
nate to 218 of water, and were observed for 24 hrs.;
but not a single tentacle was inflected. In order to
produce this effect, the carbonate must be absorbed
by the glands.

The vapour produces a powerful effect on the glands,
and induces inflection. Three plants with their roots
in bottles, so that the surrounding air could not have
become very humid, were placed under a bell-glass
(holding 122 fluid ounces), together with 4 grains
of carbonate of ammonia in a watch-glass. After an
interval of 6 hrs. 15 m. the leaves appeared unaffected;
but next morning, after 20 hrs., the blackened glands
were secreting copioudy, and most of the tentacles
were strongly inflected. These plants soon died.
Two other plants were placed under the same bell-
glass, together with half a grain of the carbonate, the
air being rendered as damp as possible; and in 2 hrs.
most of the leaves were affected, many of the glands
being blackened and the tentacles inflected. But it is
a curious fact that some of the closdly adjoining ten-
tacles on the same ledf, both on the disc and round
the margins, were much, and sorhe, apparently, not in
the least affected. The plants were kept under the
bell-glass for 24 hrs., but no further change ensued.
One healthy lesf was hardly at all affected, though
other leaves on the same plant were much affected.
On some leaves all the tentacles on one side, but not
those on the opposite side, were inflected. | doubt
whether this extremely unequal action can be ex-
plained by supposing that the more active glands
absorb all the vapour as quickly as it is generated, so
that none is left for the others; for we shall meet with
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analogous cases with air thoroughly permeated with
the vapours of chloroform and ether.

Minute particles of the carbonate were added to the
secretion surrounding severa glands. These instantly
became black and secreted copiously; but, except in
two instances, when extremely minute particles were
given, there was no inflection. This result is analo-
gous to that which fdlows from the immersion of
leaves in a strong solution of one part of the carbonate
to 109, or 146, or even 218 of water, for the leaves
are then paralysed and no inflection ensues, though
the glands are blackened, and the protoplasm in the
cells of the tentacles undergoes strong aggregation.

We will now turn to the effects of solutions of the carbonate.
Half-minims of a solution of one part to 437 of water were placed
on the discs of twelve leaves; so that each received gJr; of agrain
7 '0675 mg. Ten of these had their exterior tentacles well
"fleeted; the blades of some being also much curved inwards.
In two cases saveral of the exterior tentacles were inflected in
35 m.; but the movement was generally dower. These ten
leaves re-expanded in periods varying between 21 hrs. and
4£ hrs., but in one case not until 67 brs. had elapsed; so that
they re-expanded much more quickly than leaves which have
fcta& ht insects.

The same-szed drops of a solution of one part to 875 of water
“ae placed on the discs of deven leaves; six remained quite
unaffected, whilst five had from three to six or eight of their
exterior tentacles inflected; but this degree of movement can
hardly be consdered -as trustworthy. Each of these leaves
received * of a grain (-0337 mg.), distributed between the
glands of the disc, but this was too small an amount to produce
-ny decided effect on the exterior tentacles, the glands of which
‘iad not themselves received any of the salt.

Minute drops on the head of a small pin, of a solution of one
Part of the carbonate to 218 of water, were next tried in the
manner above described. A drop of this kind equals on an
average ™ of a minim, and therefore contains "\Q- of a grain
(‘0135 mg.) of the carbonate. | touched with it the viscid .
secretion round three glands, so that each gland received only
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TR °f 2 g'%" (‘00445 mg.). Neverthdess, in two trials all

the glands were plainly blackened; in one case all three tentacles
were well inflected after an interval of 2 hrs. 40 m.; and in an-
other case two of the three tentacles were inflected. | then
tried drops of a weaker solution of one part to 292 of water on
twenty-four glands, always touching the viscid secretion round
three glandswith the same little drop. Each gland thusreceive'

only the r#po-of a grain (‘00337 mg.), yet some of them wa -

a little darkened; but in no one instance were any of the ten-
tacles inflected, though they were watched for 12 hrs. When a
still weaker solution (viz. one part to 437 of water) wastried on
six glands, no effect whatever was perceptible.  We thus learn
that the y*iee °f2 g~ ' (00445 mg.) of carbonate of ammonia,
if absorbed by a gland, suffices to induce inflection in the basal
part of the same tentacle; but as already stated, | was able to
hold with a steady hand the minute drops in contact with the
secretion only for a few seconds; and if more time had been
allowed for diffuson and absorption, a much weaker solution
would certainly have acted.

Some experiments were made by immersing cut-off leaves in
solutions of different strengths. Thus four leaves were left foi
about 3 hrs. each in a drachm (3*549 ml.) of a solution of onu
part of the carbonate to 5250 of water; two of these had almost
every tentacle inflected, the third had about half the tentacles
and the fourth about one-third inflected; and all theglandswere
blackened. Another leaf was placed in the same quantity of a
solution of one part to 7000 of water, and in 1 hr. 16 m. every
single tentacle was well inflected, and all the glands blackened.
Six leaves were immersed, each in thirty minims (1*774 ml.) of
a solution of one part to 4375 of water, and the glands wore all
blackened in 31 m. All six leaves exhibited some dlight inflec-
tion, and one was strongly inflected. Four leaves were then
immersed in thirty minims of a solution of one part to 8/5U of
water, S0 that each leaf recalved the  of a.grain (*2025 mg.).
Only one became strongly inflected; but all the glands on all
the leaves were of s0 dark a red after one hour as almost to
deserve to be called black, whereas this did not occur with the
leaves which were at the same time immersed in water; nor did
water produce this effect on any other occason in nearly so
ghort a time as an hour. These cases of the simultaneous
darkening or blackening of the glands from the action of weak
solutions are important, asthey show that all the glands absorbed
the carbonate within the same time, which fact indeed there
was not the least reason to doubt. So again, whenever all the
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tentacles become inflected within the same time, we have
evidence, as before remarked, of smultaneous absorption. |
did not count the number of glands on these four leaves; but
as they were fine ones, and aswe know that the average number
°f glands on thirty-one leaves was 192, we may safey assume
that each bore on an average .at least 170; and if so, each
blackened gland could have absorbed only TC£0T of a grain
(* 00119 mg.) of the carbonate.

A large number of trials had been previoudy mado with
solutions of one part of the nitrate and phosphate of ammonia to
43750 of water (i. e onegrain to 100 ounces), and these were
found highly efficient. Fourteen leaves were therefore placed,
each in thirty minims of a solution of one part of the carbonate
to the above quantity of water; so that each leaf received y*
°f a grain ("0405 mg.). The glands were not much darkened.
Ten of the leaves were not affected, or only very dightly so.
Four, however, were strongly affected; the first having all the
tentacles, except forty, inflected in 47 m.; in 6 hrs. 30 m. all
except eight; and after 4 hrs. the blade itsdf. The second leaf
after 9 m. had all its tentacles except nine inflected; after 6 hrs
30 m. these nine were sub-inflected; the blade having become
much inflected in 4 hrs. The third leaf after 1 hr. 6 m. had all
but forty tentacles inflected. The fourth, after 2 hrs. 5 m., had
about half its tentacles and after 4 hrs. all but forty-five in-
flected. Leaves which were immersed in water at the same time
were not at all affected, with the exception of one; and this not
until 8 hrs. had elapsed. Hence there can be no doubt that a
highly sensitive leaf, if immersed in a solution, so that all the
glands are enabled to absorb, is acted on by y* of a grain of
the carbonate. Assuming that the leaf, which was a large one,
nd which had all its tentacles excepting eight inflected, bore
150 glands, each gland could have absorbed only-a“seo °f ™
grain (‘00024 mg.); yet this sufficed to act on each of the 162
tentacleswhich were inflected. But as only four out of the above
fourteen leaves were plainly affected, this is nearly the mini-
um dose which is efficient.

Ayyreflation of the Protoplasm from the Action cf Carbonate of
Ammonia—I| have fully described in the third chapter the
remarkable effects of moderately strong doses of this salt in
causing the aggregation of the protoplasm within the cells of
the glands and tentacles; and here my object is merely to show
what small doses suffice A leaf was immersed in twenty
minims (1-183 ml.) of a solution of one part to 1750 of wator,

L
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and another leaf in the same quantity of a solution of one part
to 306*2, in the former case aggregation occurred in 4 m., in the
latter in 11 m. A leaf was then immersed in twenty minims of
a solution of one part to 4375 of water, so that it received ¥ of
a grain (‘27 ing.); in 5 m. there was a dlight change of colour
in the glands, and in 15 m. small spheres of protoplasm were
formed in the cells beneath the glands of all the tentacles. In
these cases there could not be a shadow of a doubt about the
action of the solution.

A solution was then made of one part to 5250 of water, and |
experimented on fourteen leaves, but will give only afew of the
cases. Eight young leaves were selected and examined with
care, and they showed no trace of aggregation. Four of these
were placed in adrachm (3*549 ml.) of distilled water; and four
in a similar vessel, with a drachm of the solution. After a time
the leaves were examined under a high power,being taken alter-
nately from the solution and the water. The first loaf was taken
out of the solution gfter an immersion of 2 lira. 40 m., and the
last leaf out of the water after 3 lira. 0 m.; the examination
lasting for 1 hr. 40 m. In the four leaves out of the water there
was no trace of aggregation except in one specimen, in which a
very few, extremely minute spheres of protoplasm were present
beneath some of the round glands. All the glands were trans-
lucent and red. The four leaves which had been immersed in
the solution, besides being inflected, presented a widely different
appearance; for the contents of the cells of every single tentacle
on al four leaves were conspicuously aggregated; the spheres
and elongated masses of protoplasm in many cases extending
hafway down the tentacles. All the glands, both those of the
central and exterior tentacles, were opague and blackened; and
this shows that all had absorbed some of the carbonate. These
four leaves were of very nearly the same size, and the glands
were counted on one and found to be 167. This being the case,
and the four leaves having been immersed in a drachm of the
solution, each gland could have recelved on an average only
Tﬁﬂ'l of a £rft|n (|9UI 00<J mS) of the salt» and this quantlty

-aufficed to induce within a shrt time conspicuous aggregation
in the cells beneath all the glands.

A vigorous but rather small red lesf was placed in six
minims of the same solution (viz. one part to 5250 of water), so
that it received ” of a grain (0675 mg). In 40 m. the glands
appeared rather darker; and in 1 hr. from four to six spheres
of protoplasm were formed in the (jdls beneath the glands of
. al tho tentacles. | did not count the tentacles, but we may
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safdy assume that there were at least 140; and if so, each
gland could have receved only the T3VQ9 °f  grain, or
00048 nig.

A weaker solution was then made of one part to 7000 of water,
and four leaves were immersed in it; but | will give only one
Naxe A leaf was placed in ten'minims of this solution; after
1 hr. 37 m. the glands became somewhat darker, and the cells
beneath all of them now contained many spheres of aggregated
Protoplasm. This leaf received 1J¢ of a grain, and bore 166
glands. Each gland could, therefore, have received only -OTVHT~
of a grain (-000507 mg.) of the carbonate.

Two other experiments are worth giving. A leaf was im-
mersed for 4 hrs. 15 m. in digtilled water, and there was no
aggregation; it wasthen placed for 1 hr. 15 m. in a little solu-
tion of one part to 5250 of water; and this excited well-marked
aggregation and inflection. Another leaf, after having been
immersed for 21 hrs. 15 m. in distilled water, had its glands
blackened, but there was no aggregation in the cells beneath
them; it was then left in six minims of the same solution, and
*& 1 hr. there was much aggregation in many of the tentacles
ift 2 hrs. all the tentacles (146 in number) were affected—the
aggregation extending down for a length equal to half or the
whole of the glands. It is extremely improbable that these two
leaves would have undergone aggregation if they had been |eft
for alittlo longer in the water, namely for 1 hr. and 1 hr. 15 m,,
during which time they were immersed in the solution; for the
Process of aggregation seems invariably to supervene dowly and
very gradually in water.

-, Summary of the Resultswith Carbonate of Ammonia.—
Jhe roots absorb the solution, as shown by their changed
colour, and by the aggregation of the contents of their
Ce||s. The vapour is absorbed by the glands; these
are plackened, and the tentacles are inflected. The
glands of the disc, when excited by a half-minim drop
("029 ml.), containing ;f» of a grain (-0675 mg. K
transmit a motor impulse to the exterior tentacles,
fusing them to bend inwards. A minute drop, con-
taining 114, of a grain (-00445mg.), if held for a
kw seconds in contact with a gland, soon causes the
tentacle bearing it to be inflected. If a leaf is left
, L 2
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immersed for a few hours in a solution, and a gland
absorbs the 7 To-o of agrain (-00048 mg.), its colour
becomes darker, though not actually black; and the
contents of the cells beneath the gland are plainly
aggregated. Lastly, under the same circumstances,
the absorption by a gland of the i i—, Of @ grain
(+00024 mg.) auffices to excitethe tentacle bearing this
gland into movement.

NITRATE OF AMMONIA.

With the salt | attended only to the inflection of the leaves,
for it is far less efficient than the carbonate in causing aggrega-
tion, although congderably more potent in causing inflection. |
experimented with half-minims (‘0296 ml.) on the discs of fifty-
two leaves, but will give only a few cases. A solution of one
part to 109 of water was too strong, causing little inflection, and
after 24 hrs. killing, or nearly killing, four out of six leaves
which were thustried; each of which recelved the\Qof a grain
(or *27 mg.). A solution of one part to 218 of water acted most
energetically, causng not only the tentacles of all the leaves,
but the blades of some, to be strongly inflected. Fourteen
leaves were tried with drops of a solution of one part to 875
of water, so that the disc of each received the yJ*j of a grail*
(+0337 mg) Of these leaves, seven were very strongly acted on,
the edges being generally inflected; two were moderately acted
on; and fivenot at all. 1 subsequently tried three of these latter
five leaves with urine, saliva, and mucus, but they were only
dightly affected; and this provesthat they were not in an active
condition. | mention this fact to show how necessary it is to
experiment on several leaves. Two of the leaves, which were
well inflected, re-expanded after 51 hrs.

In the following experiment | happened to select very sensi-
tive leaves. Half-minims of a solution of one part to 1094 of
water (i e 1 gr.to 2£ 0z.) were placed on the discs of nine leaves,
so that each received the A, of a grain (027mg.). Three of
them had their tentacles strongly inflected and their blades curled
inwards; five were dlightly and somewhat doubtfully affected,
having from three to eight of their exterior tentacles inflected:
one leaf was not at all affected, yet was afterwards acted on by
saliva. In six of these cases, a traco of action was perceptible in
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7 hrs., but the full effect was not produced until from 24 hrs. to
30 hrs. had dapsed. Two of the leaves, whidll were only dightly
inflected, re-cxpandcd after an additional interval of 19 hrs

Half-minims of a rather weaker solution, viz. of one part to
1312 of water (1 gr.to3 0z.) weretried on fourteen leaves, sothat
each received YATJ °f? g™ (10225 mg.), instead of, asin the last
experiment, " of a graln The blade of one was plainly in-
flected, aswere six of the exterior tentacles; the blade of a second
was dlightly, and two of the exterior tentacles well, inflected, all
the other tentacles being curled in at right angles to the disc;
throe other leaves had from five to eight tentacles inflected; five
others only two or three, and occasionally, though very rarely,
drops of pure water cause this much action; the four remaining
leaves were in no way affected, yet three of them, when subse-
quently tried with urine, became greatly inflected. In mog of
these cases a dight effect was perceptible in from G hrs. to
7 hrs, but the full effect was not produced until from 24 hrs.
to 30 hrs. had dapsed. It is obvious that we have here reached
‘ery nearly the minimum amount, which, distributed between
the glands of the disc, acts on the exterior tentacles; these
having themselves not received any of the solution.

In the next place, the viscid secretion round three of the
exterior glands was touched with the same little drop (*}, of a
niinim) of a solution of one part to 437 of water; and after an
interval of 2 hrs. 50 m. all three tentacleswere wdl inflected.
Bach of these glands could have received only the rsBoo °f?®
grain, or -00225 mg. A little drop of the same size and strength
yas also applied to four other glands, and in 1 hr. two became
inflected, whilst the other two never moved. We here see, asin
the case of the half-minims placed on the discs, that the nitrate
°f ammonia is more potent in causing inflection than the car-
bonate; for minute drops of the latter salt of this strength pro-
duced no effect. | tried minute drops of a still weaker solution
°f the nitrate, viz. one part to 875 of water, on twenty-one
glands, but no effect whatever was produced, except perhaps in
°no instance.

Sixty-three leaves were immersed in solutions of various
strengths; other leaves being immersed at the same time in the
same pure water used in making the solutions. Theresultsare
so remarkable, though less so than with phosphate of ammonia,
that | must describe the experiments in detail, but | will give
°nly a few. In ‘speaking of the successve periods when
inflection occurred, | always reckon from the time of first
immergon.
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Having made some preliminary trials as a guide, five leave3
were placed in the'same little vessdl in thirty minims of a solu-
tion of one part of the nitrate to 787;) of water (1 gr. to 18 0z.);
and this amount of fluid just sufficed to cover thom. After
2 hrs. 10 m. three of the leaves were consderably inflected, and
the other two moderately. The glands of all became of so dark
ared as almos to deserve to be called black. After 8 hrs. four
of the leaves had all their tentaclesmore or less inflected; whilst
the fifth, which | then perceived to be an old I*af, had only thirty
tentacles inflected. Next morning, after 23 hrs. 40 m,, all the
leaVes were in the same state, excepting that the old leaf had a
few more tentacles inflected. Five leaveswhich had been placed
dc the same time in water were observed at the same intervals
of time; afre 2 hrs. 10 m. two of them had four, one had seven,
one had ten, of the long-headed marginal tentacles, and the
fifth had four round-headed tentacles, inflected. After 8 hrs.
there was no change in these leaves, and after 24 hrs. all the
marginal tentacles had re-expanded; but in one leef, a dozen,and
in a second leaf, half a dozen, submarginal tentacles had become
inflected.  As the glands of the five leaves in the solution were
smultaneoudy darkened, no doubt they had all absorbed a nearly
equal amount of the salt: and ast}* of a grain was given to the
five leaves together, each got y-~ of agrain ((045mg.). | did
not count the tentacles on these leaves, which were moderatdy
fine ones, but as the average number on thirty-one leaves was
192, it would be safe to assume that each bore on an average at
least 1GO. If so, each of the darkened glands could have
received only 2W4Q0 °A & £78*" on A®Njtrate; and this caused
the inflection of a great majority of the tentacles.

This plan of immersing several leaves in the same vessel
IS a bad one, as it is impossble to fed sure that the more-
vigorous leaves do not rob the weaker ones of their share of
the salt. The glands, moreover, must often touch one another
or the sdes of the vessd, and movement may have been thus
excited; but the corresponding leaves in water, which were
little inflected, though rather more so than commonly occurs,
were exposed in an almost equal degree to these same sources
of error. | will, therefore, give only one other experiment made
in this manner, though many were tried and all confirmed
the foregoing and following results. Four leaves were placed
in forty minims of a solution of one part to 10,500 of water;
aud assuming that they absorbed equally, each leaf received
Tlee OF @ grain (0362 mg.). After 1 hr. 20 m. many of tho
tentacles on all four leaves were somewhat inflected. Afta
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5 hrs. 30 m. two leaves had all ther tentacles inflected; a
third leaf all except the extreme marginals, which seemed old
and torpid; and the fourth a large number. After 21 hrs.
every single tentacle, on all four taives, wa3 closdy inflected.
Of the four leaves placed at the same time in water, one had,
after 5 hrs. 45 m,, five marginal tentacles inflected; a second,
ten; athird, nine marginals and submarginals, and the fourth,
twelve, chiefly submarginals, inflected. After 21 hrs all these
marginal tentacles re-expanded, but a few of the submarginals
on two of the leaves remained dightly curved inwards. The
contras was wonderfully great between these four leaves in
water and those in the solution, the latter having every one of
their tentacles closely inflected. Making the moderate assump-
tion that each of these leaves bore 160 tentacles, each gland
could have absorbed only "i“o-°A 2 S™#" (000351 mg.).
This experiment was repeated on three leaves with the same
relative amount of tho solution; and after 6 hrs. 15 m. all the
tentacles except nine, on all three leaves takeh together, were
closdy inflected. In this case the tentacles on each leaf were
counted, and gave an average of 162 per ledf.

The following experiments weré tried during the summer of
1873, by placing the leaves, each in a separate watch-glass and
pouring over it thirty minims (1*775 ml.) of the solution; other
leaves being treated in exactly the same manner with the
doubly digtilled water used in making the solutions. The
trials above given were made several years before, and when |
road over my notes, | could not believe in the results; so |
resolved to begin again with moderately strong solutions.  Six
leaves were first immersed, each in thirty minims of a solution of
one part of the nitrate to 8750 of water (1 gr. to 20 0z.), so that
each recaved 335 of a grain (2025 mg.). Before 30 m. had
elapsed, foar of these leaves were immensdly, and two of them
nioderatdy, inflected. The glands were rendered of a dark
red. The four corresponding leaves in water wore not at all
affected until 6 hrs. had elapsed, and then only the short ten-
tacles on tho borders of the disc; and ther iuflection, as
previoudy explained, is never of any dgnificance.

Four leaves were immersed, each in thirty minims of a solu-
tion of one part to 17,500 of water (1 gr. to 40 0z.), so that each
received Vo @ @ grain (*101 mg.); and in lessthan 45 m. three
of thwn had all their tentacles, except from four toten, inflected;
the blade of one being inflected after 6 hrs.,, and tho blade of a
second after 21 hrs. The fourth leaf was not at all affected.
The glands of none were darkened. Of the corresponding leaves
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in water, only one had any of its exterior tentacles, namely five,
inflected; after 6 hrs. in one case, and after 21 hrs. in two other
cases, the short tentacles on the borders of the disc formed a
ring, in the usual manner.

Four leaveswereimmersed, each in thirty minims of a solution
of one part to 43,750 of water (1 gr. to 100 0z.), so that each leaf
got tglye of a grain (0405 mg.). Of these, one was much in-
flected in 8 m., and after 2 hrs. 7 m. had all the tentacles,
except thirteen, inflected. The second leaf, after 10 m., had all
except three inflected.  The third and fourth were, hardly at all
affected, scarcdy more than the corresponding leaves in water.
Of the latter, only one was affected, this having two tentacles
inflected, with those on the outer parts of the disc forming a
ring in the usual manner. In the leaf which had all its ten-
tacles except three inflected in 10 m., each gland (assuming that
the leaf bore 160 tentacles) could have absorbed only “s/Vou °f
agrain, or "000258 mg.

Four leaves were separatdy immersed as before in a solution
of one part to 131,250 of water (1 gr. to 300 0z.), s0 that each
received " of a grain, or '0135 mg. After 50 m. one leaf had
all its tentacles except sixteen, and after 8 hrs. 20 m. all but
fourteen, inflected. The second leaf, after 40 m., had all but
twenty inflected; and after 8 hrs. 10 m. began to re-expand.
The third, in 3 hrs. had about half its tentacles inflected, which
began to reexpand after 8 hrs. 15 m. The fourth leaf, after
3 hrs. 7 m, had only twenty-nine tentacles more or less in-
flected. Thus three out of the four leaves were strongly acted
on. It is dear that very senstive leaves had been accidentally
sdected. The day moreover was hot. The four corresponding
leaves in water were likewise acted on rather more than is usual;
for after 3 hrs. one had nine tentacles, ancther four, and
another two, and the fourth none, inflected. With respect to
the leaf of which all the tentacles, except sixteen, were inflected
after 50 m., each gland (assuming that the leaf bore 160 ten-
tacles) could have absorbed only A~ 0o © 2 S'" (‘0000937
mg.), and this appears to be about tho least quantity of the
nitrate which suffices to induce the inflection of a single tentacle.

As negative results are important in confirming the foregoing
positive ones, eight leaves wereimmer sed as before, each in thirty
minims of a solution of one part to 175000 of water (1 gr. to
400 oz.), so that each received only A" of a grain (0101 mg.).
This minute quantity produced a dight effect on only four of
the eight leaves. One had fifty-sax tentacles inflected after 2 hrs.
13 m.; a second, twunty-sx inflected, or sub-inflected, after
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A'm.; a third, eighteen inflected, after 1 hr.; and a fourth,
ten inflected, after 35 m. The four other leaves were not in
tho |east affected. Of the eight corresponding leaves in water,
°ne had, after 2 hrs. 10 m., nine tentacles, and four othersfrom
one to four long-headed tentacles, inflected; the remaining three
being unaffected. Hence, tho -* |- of 2 grain given to a sensi-
tive leaf during warm weather perhaps produces a slight effect;
but wo must bear in mind that occasonally water causes as
great an amount of inflection as occurred in this last ex-
periment.

Summary of the Resultsivith Nitrate of Ammonia.—
The glands of the disc, when excited by a liaf-minim
drop (-0296 ml.), containing Ve of a grain of the
titrate (-027 mg.), transmit a motor impulse to the
exterior tentacles, causing them to bend inwards. A
minute drop, containing —+g,uo~ Of @ grain (-00225mg.),
*t held for a fev seconds in contact with a gland,
causes the tentacle bearing this gland to be inflected.
M 3 ledf is left immersed for a few hours, and some-
tunes for only a fev minutes, in a solution of such
strength that each gland can absorb only the iny-mro
0f a grain (-0000937 mg.), this small amount is
plough to excite each tentacle into movement, and
rt becomes closdly inflected.

PHOSPHATE OF AMMONIA.

_ Fhis sat is more powerful than the nitrate, even
. 5 greater degree than the nitrate is more powerful
1"llan the carbonate. This is shown by wesker solu-
tions of the phosphate acting when dropped on the
discs, or applied to the glands of the exterior ten-
tacles, or when leaves are immersed. The difference
" the power of these three sdts, as tried in three
different ways, supports the results presently to be
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given, which are so surprising that their credi-
bility requires every kind of support. In 1872 |
experimented on twelve immersed leaves, giving each
only ten minims of a solution; but this was a bad
method, for so small a quantity hardly covered them.
None of these experiments will, therefore, be given,
though they indicate that excessvely minute doses
are efficent.  When | read over my notes, in 1873,
| entirely disbelieved them, and determined to make
another set of experiments with scrupulous care, on
the same plan as those made with the nitrate; namely
by placing leaves in watch-glasses, and pouring over
each thirty minims of the solution under trial, treat-
ing a the same time and in the same manner other
leaves with the distilled water used in making the
solutions. During 1873, seventy-one leaves were thus
tried in solutions of various strengths, and the same
number in water. Notwithstanding the care taken
and the number of the trials made, when in the
following year | looked merely at the results, without
reading over my observations, | again thought that
there must have been some error, and thirty-five fresh
trials were made with the weskest solution; but
the results were as plainly marked as before.  Al-
together, 106 carefully selected leaves were tried,
both in water and in solutions of the phosphate.
Hence, after the mogt anxious consideration, | can
entertain no doubt of the substantial accuracy of my
results.

Befare giving my experimans it may be wdl to premise that
crystallised phosphate of ammonia, such as | used, contains
FH*B pa cent, of water of crystallisation; so that in all the
following trials the eficient eements formed only &467 per
cent, of the salt used.

Extremely minute particles of the dry phosphate were placed
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with the point of a needle on the secretion surrounding several
glands. These poured forth much secretion, were blackened,
and ultimately died; but the tentacles moved only dlightly.
The dose, small as it was, evidently was too great, and the
result was the same as with particles of the carbonate of
ammonia.

Half-minims of a solution of one part to 437 of water were
placed on the discs of three leaves and acted most energetically,
causng the tentacles of one to be inflected in 15 m., and
the blades of all three to be much curved inwards in 2 hrs.
15m. Smilar drops of a solution of one part to 1312 of water,
(1 gr. to 30z) were then placed on the discs of five leaves,
so that each received the Nitso @2 S™@" (‘0225 mg.). After
8 hrs. the tentacles of four of them were consderably inflected,
and after 24 hrs. tho blades of three. After 48 hrs. all five
were amost fully re-expanded. | may mention with respect
to one of these leaves, that a drop of water had been left
during the previous 24 hrs. on its disc, but produced no effect;
Mid that this was hardly dry when the solution was added.

Smilar drops of a solution of one part to 1750 of water (1 gr.
to 4 oz.) were next placed on the discs of six leaves, so that
each received -g" of a grain (-0169 mg.); after 8 hrs. three of
them had many tentacles and their blades inflected; two others
had only a few tentacles dlightly inflected, and the sixth was
not at all affected. After 24 hrs. most of the leaves had a few
more tentacles inflected, but one had begun to re-expand. We
thus see that with the more sensitive leaves the * of a grain,
absorbed by the central glands, is enough to make many of the
exterior tentacles and the blades bend, whereas the 1:£” of a
grain of the carbonate smilarly given produced no effect; and
&' of a grain of the nitrate was only just sufficient to produce
a wdl-marked effect.

A minute drop, about equal to «£$ of a minim, of a solution of -
Oe part of the phogohate to 875 of water, was applied to the
secretion on three glands, each of which thus receved only
?'fW of a grain (‘00112 mg.), and all three tentacles became
inflected. Similar drops of a solution of one part to 1312 of
~ater (1 gr. to 3 0z.) were now tried on three leaves; a drop
JNing applied to four glands on the same leaf. On the firg
leef, three of the tentacles became dightly inflected in 6 m., and
re-expanded after 8 hrs. 45 m. On tho second, two tentacles
Wame sub-inflected in 12 m. And on the third all four ten-
tacles were decidedly inflected in 12 m.; they remained o for
** hrs. 30 m,, but by the next morning were fully re-oxpanded.
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IQ this latter case each gland could have received only the
w5 90e (Or ‘000563 mg.) of a grain. Lastly, smilar drops of a
solution of one part to 1750 of water (1 gr.to4 oz.) weretried on
five leaves; a drop being applied to four glands on the same
leaf. The tentacles on three of those leaves were not in the
least affected; on the fourth leaf, two became inflected; whilst
on the fifth, which happened to be a very sensitive one, all four
tentacles were plainly inflected in G hrs. 15 m.; but only onere-
mained inflected after 24 hrs. | should, however, state that in
this case an unusually large drop adhered to the head of the
pin. Each of these glands could have received very little more
than UMN-QO of a grain (or -000423); but this small quantity
aufficed to cause inflection. Wo must bear in mind that these
drops were applied to the viscid secretion for only from 10 to
15 seconds, and we have good reason to beieve that all the
phosphate in the solution would not be diifused and absorbed in
thistime. We have seen under tho same circumstances that the
absorption by a gland of yo .J%j °f # grain of the carbonate, and
of Braca °* @ S"@" °f the nitrate, did not cause the tentacle bear-
ing the gland in question to be inflected; so that here again the
phosphate is much more powerful than the other two salts.

We will now turn to the 106 experiments with immersad
leaves. Having ascertained by rcpaated trials that moderately
strong solutions were highly efficient, | commenced with sixteen
leaves, each placed in thirty minims of a solution of one part
to 43,750 of water (1 gr. to 100 0z.); so that each receved
TeeG °f 2 S%» or '04058 mg. Of these leaves, deven had
nearly all or a great number of ther tentacles inflected in
1 hr., and the twdfth leaf in 3 hrs. One of the eeven had
every single tentacle closaly inflected in 50 m. Two leaves out
of the sixteen were only moderately affected, yet more o
than any of those smultaneoudy immersed in water; and the
remaining two, which were pale leaves, were hardly at all
affected. Of the sixteen corresponding leaves in water, one
had nine tentacles, another six, and two others two tentacles
inflected, in the course of 5 hrs. So that the contragt in
appear ance between the two lots was extremely great.

Eighteen leaves were immersed, each in thirty minims of a
solution of one part to 87,500 of water (1 gr. to 200 0z.), SO
that each received 3@ °f @ grain (0202 mg.). Fourteen of
these were srongly inflected within 2 hrs,, and some of them
within 15 m.; three out of the eighteen were only dightly
affected, having twenty-one, nineteen, and twelve tentacles in-
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fleeted; and one was not at all acted on. By an accident only
fifteen, instead of eighteen, leaves were immersed at the same
time in water; these were observed for 24 hrs.; one had six,
another four, and athird two, of their outer tentacles inflected;
the remainder being quite unaffected.

The next experiment was tried under very favourable circum-
stances, for the day (July 8) was very warm, and | happened
to have unusually fine leaves. Five were immersed as before in
a solution of one part to 131,250 of water (1 gr. to 300 0z.), SO
that each recelved -** of a grain, or '0135 mg. After an
immerson of 25 m. all five leaves were much inflected. After
1 hr. 25 m. one leaf had all but eight tentacles inflected; the
second, all but three; the third, all but five; the fourth, all but
twenty-three; the fifth, on the other hand, never had more
than twenty-four inflected. Of the corresponding five leavesin
water, one had seven, a second two, a third ten, a fourth one,
and a fifth none inflected. Let it be observed what a contrast
Is presented between these latter leaves and those in the solu-
tion. | counted the glands on the second leaf in the solution,
and the number was 217; assuming that the three tentacles
which did not become inflected absorbed nothing, we find
that each of the 214 remaining glands could have absorbed
°nlY Terhire @ @ g"™ ° '0000631 mg. The third leaf bore
236 glands, and subtracting the five which did not become in-
flected, each of the remaining 231 glands could have absorbed
oy mtees of 2 ™ (" '0000584 mg.), and this amount
auffice to cause the tentacles to bend.

Twelve leaves were tried as before in a solution of one part to
175,000 of water (1 gr. to 400 oz.), so that each leaf received O*
°f a grain (*0101 mg.). My plants were not at the time in
% good state, and many of the leaves were young and pale.
Nevertheless, two of them had all their tentacles, except three
ov four, closdy inflected in under 1 hr. Seven were con-
Sderably affected, some within 1 hr., and others not until 3 hrs,
4 hrs. 30 m,, and 8 hrs. had elapsed; and this dow action
may be attributed to the leaves being young and pale Of
these nine leaves, four had ther blades well inflected, and a
fifth dightly so. The three remaining leaves were not affected.
With respect to the twelve corresponding leaves in water, not
one had its blade inflected; after from 1 to 2 hrs. one had
thirteen of its outer tentacles inflected; a second six, and four
others cither one or two inflected. After 8 hrs, the outer
tentacles did not become more inflected | whereas this occurred
with the leaves in the solution. | record in my notes that
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after the 8 hrs. it was impossible to compare the two lots, and
doubt for an instant the power of the solution.

Two of the above leaves in the solution had all ther tentacles
except three and four, inflected within an hour. | counted ther
glands, and, on the same principle as before, each gland on one
leaf could have absorbed only TToBom #"d on the other leaf
only = goo* °f @ gvlt of tho phaghate

Twenty leaves were immersed in the usual manner, each in
thirty minims of a solution of one part to 218,750 of water (1 gr.
to 500 oz.). So many leaves were tried because | was then
under the false impresson that it was incredible that any
weaker solution could produce an effect. Each leaf received

_of agrain,or "008L mg. The first eight leaves which |
trie’d both in the solution and in water were either young and
pale or too old; and tho weather was not hot. They were hardly
at all affected; nevertheless, it would be unfair to exclude them.
| then waited until | got eight pairs of fine leaves, and the
weather was favourable; the temperature of the room where the
leaves were immersaed varying from 75° to 81° (23°*8 to 27°'2
Cent.). In another trial with four pairs (included in the above
twenty pafrs), the temperature in my room was rather low,
about 60° (15°*5 Cent.); but the plants had been kept for several
days in a very warm greenhouse and thus rendered extremely
sengitive. Special precautions were taken for this set of experi-
ments; a chemist weighed for me a grain in an excelent
balance; and fresh water, given me by Professor Frankland, was
carefully measured. The leaves were sdected from a large
number of plantsin the following manner: the four finest were
immersed in water, and tho next four finest in tho solution, and
so on till the twenty pairs were complete. The water specimens
were thus a little favoured, but they did not undergo more in-
flection than in the previous cases, comparatively with those
in the solution.

Of the twenty leaves in the solution, eleven became inflected
within 40 m.; eight of them plainly and three rather doubt-
fully ; but the latter had at least twenty of their outer tentacles
inflected. Owing to the weakness of the solution, inflection
occurred, except in No. 1, much more dowly than in the pre-
vious trials. The condition of the eleven leaves which were
consderably inflected will now bo given at stated intervals,
always reckoning from the time of immersion:—

(1) After only 8 m. a large number of tentacles inflected,
and after 17 m. all but fifteen; after 2 hrs. all but eight in-
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fleeted, or plainly sub-inflected. After 4 hrs. the tentacles
began to re-expand, and such prompt re-expansion is unusual;
after 7 hrs. 30 m. they were almost fully re-expanded.

(2) After 39 m. alarge number of tentacles inflected; after
2 hrs 18 m. all but twenty-five inflected; after 4 hrs. 17 m. all
but sixteen inflected. The leaf remained in this state for many
hours.

(3) After 12 m. a consderable amount of inflection; after
4 hrs. all the tentacles inflected except those of the two outer
rows, and the leaf remained in this state for some time; after
23 hrs. began to re-expand.

(4) After 40 m. much inflection; after 4 hrs. 13 m. fully half
the tentacles inflected; after 23 hrs. still slightly inflected.

(5) After 40 m. much inflection; after 4 hrs. 22 m. fully half
the tentacles inflected; after 23 hrs. still dightly inflected.

(6) After 40 m. some inflection; after 2 hrs. 18 m. about
twenty-eight outer tentaclesinflected; after 5 hrs. 2U m. about a
third of the tentacles inflected; after 8 hrs. much re-expanded.

(7) After 20 m. some inflection ; atter 2 hrs. a consderable
number of tentacles inflected; after 7 hrs. 45 m. began to
re-expand.

(8) After 38 m. twenty-eight tentacles inflected; after 3 hrs.
45 in. thirty-three inflected, with most of the submarginal
tentacles sub-inflected; continued so for two days, and then
Partially re-expanded.

(9) After 38 m. forty-two tentacles inflected; after 3 hrs.
12 m. sixty-six inflected or sub-inflected; after 6 hrs. 40 m. all
but twenty-four inflected or sub-inflected; after 9 hrs. 40 m. all
but seventeen inflected; after 24 hrs. all but four inflected or
Sub-iiiflected, only a few being closdly inflected; after 27 hrs.
40 m. the blade inflected. The leaf remained in this state for
two days, and then began to re-expand.

. (10) After 38 m. twenty-one tentacles inflected; after 3 hrs.
iz m. forty-sx tentaclesinflected or sub-infleuted ; after 6 hrs.

0 m. all but seventeen inflected, though none closdly; after
24 hrs. every tentacle dightly curved inwards. after 27 hrs.
40 m. blade strongly inflected, and so continued for two days,
and then the tentacles and blade very dowly re-expanded.

(11) This fine dark red and rather old leaf, though not very
|arge, bore an extraordinary number of tentacles (viz. 252), and
behaved in an anomalous manner. After 6 hrs. 40 in. only the
short tentacles round the outer part of the disc were inflected,
forming a ring, as so often occurs in from 8 to 24 hrs. with
k&ves poth in water aud the weaker solutions. But after 9 hrs.
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40 m. all the outer tentacles except twenty-five were inflected,
as was the blade in a strongly marked manner. After 24 hrs.
every tentacle except one was closdy inflected, and the blade
was completely doubled over. Thus the leaf remained for two
days, when it began to reexpand. | may add that the three
latter leaves (Nos. 9, 10, and 11) were still somewhat inflected
after threedays. The tentacles in but few of these eleven leaves
became clowly inflected within so short a time as in the pre-
vious experiments with stronger solutions.

We will now turn to the twenty corresponding leaves in water.
Nine had none of their outer tentacles inflected; nine others
had from one to three inflected; and these re-expanded after
8 hrs.  The remaining two |leaves were moder ately affected; one
having six tentacles inflected in 34 m.; the other twenty-three
inflected in 2 hrs. 12 m.; and both thus remained for 24 hrs.
None of those leaves had their blades inflected. So that the con-
trast between the twenty leaves in water and the twenty in the
solution was very great, both within the firs hour and after
from 8 to 12 hrs. had eapsed.

Of the leavesin the solution, the glands on leaf No. 1, which
in 2 hrs. had all its tentacles except eight inflected, were
counted and found to be 202. Subtracting the eight, each gland
could have received only the Tsreee °f # grain (‘0000411 mg.)
of the phosphate. Leaf No. 9 had 213 tentacles, all of which,
"~ with the exception of four, were inflected after 24 hrs, but
none of them closely; the blade was also inflected; each gland
could have received only the—\cee—0f a grain, or '0000387
mg. Lastly, leaf No. 11, which had after 24 hrs. all its ten-
tacles, except one, closdy inflected, as well as the blade, bore
the unusually large number of 252 tentacles, and on the same
principle as before, each gland could have absorbed only the
555 sog Of @ grain, or -0000322 mg.

With respect to the following experiments, | must premise
that the leaves, both those placed in the solutions and in water,
were taken from plants which had been kept in a very warm
greenhouse during the winter. They were thus rendered ex-
tremely senditive, as was shown by water exciting them much
more than in the previous experiments. Before giving my
observations, it may be wel to remind the reader that, judging
from thirty-one fino leaves, the average number of tentacles is
192 and that the outer or exterior ones, the movements of
which are alone sgnificant, are to the short ones on the disc in
the proportion of about sixteen to nine.
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Four leaves were immersed as before, each in thirty minims
of a solution of one part to 328,125 of water (1 gr. to 750 oz.).
Each leaf thusrecelved yyj” of a grain (‘0054 mg.) of the salt;
and all four were greatly inflected.

(1) After 1 hr. all the outer tentacles but one inflected, and
the blade greatly so; after 7 hrs. began to re-expand.

(2) After 1 hr. all the outer tentacles but eight inflected,;
after 12 hrs. all re-expanded.

(3) After 1 hr. much inflection; after 2 hrs. 30 m. all the ten-
tacles but thirty-six inflected; after 6 hrs. all but twenty-two
inflected; after 12 hrs. partly re-expanded.

(4) After 1 hr. all the tentacles but thirty-two inflected; after
2 hrs. 30 m. all but twenty-one inflected; after 6 hrs. amost
"e-expanded.

Of the four corresponding leaves in water.—

(1) After 1 hr. forty-five tentacles inflected; but after 7 hrs.
% many had re-expanded that only ten remained much inflected.

(2) After 1 hr. seven tentacles inflected; these were amost
re-expanded in G hrs.

(3) and (4) Not affected, except that, as usual, after 11 hrs.
the short tentacles on the borders of the disc formed a ring.

There can, therefore, be no doubt about the efficiency of the
above solution; and it follows as before that each gland of No. 1
could have absorbed. only_g4/1,1000 Of*a grain ('00002G8 mg.)
°d of No. 2 only artaoo ® 2@ S™ (0000263 mg.) of the
Phosphate.

Seven leaves were immersed, each in thirty minims of a
solution of one part to 437,500 of water (1 gr. to 11)00 oz.).
Each leaf thus received +<ys Of a grain (*00405 mg.). The day
was warm, and the leaves were very fine, so that all circum-
stances wer e favourable.

(1) After 30 m. all the outer tentacles except five inflected,
and most of them closely; after 1 hr. blade dightly inflected,;
after 9 hrs. 30 m. began to rc-cxpand.

(2) After 33 in. all the outer tentacles but twenty-five in-
flected, and blade dightly so; after 1 hr. 30 m. blade strongly
inflected and remained so for 24 hrs.; but some of the tentacles
had then re-expanded.

(3) After 1 hr. all but twelve tentacles inflected; after 2 hrs
30 m. all but nine inflected; and of the inflected tentacles all
excepting four closely; blade dlightly inflected. After 8 hrs.
blade quite doubled up, and now all the tentacles excepting
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eight closdy inflected. The leaf remained in this state for two
days.

(4) After 2 hrs. 20 m. only fifty-nine tentacles inflected; but
after 5 hrs. all the tentacles closdy inflected excepting two
which were not affected, and eeven which were only sub-in-
flected ; after 7 hrs. blade consderably inflected; after 12 hrs.
much re-expanson.

(5) After 4 hrs. all the tentacles but fourteen inflected; after
9 hrs. 30 m. beginning to re-cxpand.

(6) After 1 hr. thirty-six tentacles inflected; after 5 hrs. all
but fifty-four inflected; after 12 hrs condderable re-expanson.

(7) After 4 hrs. 30 m. only thirty-five tentacles inflected or
sub-inflected, and this small amount of inflection never increased.

Now for the seven corresponding leavesin water:—

(1) After 4 hrs. thirty-eight tentacles inflected; but after
7 hrs. these, with the exception of six, re-expanded.

(2) After 4 hrs. 20 m. twenty inflected; these after 9 hrs
partially rc-expanded.

(3) After 4 hrs. five inflected, which began to re-expand after
7 hrs.

(4) After 24 hrs. one inflected.

(5), (6) and (7) Not at all affected, though observed for
24 hrs,, excepting the short tentacles on the borders of the disc,
which asusual formed aring.

A comparison of the leaves in the solution, &pemally of
the first five or even six on the list, with those in the water,
after 1 hr. or after 4 hrs, and in a still more marked degree
after 7 hrs. or 8 hrs,, could not leave the least doubt that the
solution had produced a great effect. This was shown not only
by the vastly greater number of inflected tentacles, but by
the degree or closeness of their inflection, and by that of their
blades. Yet each gland on leaf No. 1 (which bore 255 glands, all
of which, excepting five, were inflected in 30 m.) could not have
received more than onefour-millionth of a grain (-0000162
mg.) of the salt. Again, each gland on leaf No. 3 (which
bore 233 glands, all of which, except nine, were inflected in
2 hrs. 30 m.) could have received at most only the -jy*iet) °f
agrain, or -0000181 mg.

Four leaves were immersed as before in a solution of one part
to 656,250 of water (1 gr. to 1500 oz.) ; but on this occason |
happened to sdect leaves which were very little sensitive, as
on other occasons | chanced to sdlect unusually senstive
leaves. The leaves were not more affected after 12 hrs. than
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the four corresponding ones in water; but after 24 hrs. they
were dlightly more infbsted. Such evidence, however, is not at
all trustworthy.

Twelve leaves were immersed, each in thirty minims of a solu-
tion of one part to 1,312,500 of water (1 gr. to 3000 0z.); 0 that
each leaf received * Je-o of a grain (00135 mg.). The leaves were
Dat in very good condition; four of them were too old and of a
dark red colour; four weretoo pale, yet one of theselatter acted
yell; the four others, as far as could betold by the eye, ssemed
*n excelent condition. The result was as follows.—

(1) This was a pale leaf; after 40 m. about thirty-eight ten-
tacles inflected; after 3 hrs. 30 m. the blade and many of the
outer tentacles inflected; after 10 hrs. 15 m. all the tentacles
but seventeen inflocted, and the blade quite doubled up; after
21 hrs. al the tentacles but ten more or less inflected. Mo
of them were closdy inflected, but twenty-five were only sub-
inflected. :

(2) After 1 hr. 40 m. twenty-five tentacles inflected; after
6 hrs. all but twenty-one inflected; after 10 hrs. all but sixteen
more or lessinflected; after 24 hrs. re-expanded.

(3) After 1 hr. 40 m. thirty-five inflected; after 6 hrs. "a
largo number” (to quote my own memorandum) inflected,
but from want of time they were not counted; after 24' hrs. re-
expanded.

(4) After 1 hr. 40 m. about thirty inflected ; after C hrs. " a
large number all round the loaf" inflected, but they were not
bunted; after 10 hrs. began to re-expand.

(5) to (12) These were not more inflected than leaves often
arein water, having respectively 16, 8,10, 8, 4, 9,14, and O ten-
taclesinflected. Two of these leaves, however, were remarkablo
from having their blades dightly inflected after 6 hrs. '

With respect to the twelve corresponding leavesin water, (1)
had, after 1 hr. 35 in,, fifty tentaclesinflected, but after 11 hrs.
only twenty-two remained so, and those form win group, with the
blade at this point sightly inflected. It appeared asif this leaf
had been in some manner accidentally excited, for instance by a
particle of animal matter which was dissolved by the water.
(2) After 1 hr. 45 m. thirty-two tentacles inflected, but after
5 hrs. 30 m. only twenty-five inflected, and these after 10 hrs.
all reexpanded; (3) after 1 hr. twenty-five inflected, which
after 10 hrs. 20 m. were all re-expanded; (4) and (5) after
1 hr. 35 m. sx and seven tentacles inflected, which rc-expanded
after 11 hrs;; (C), (7) and (8) from one to throe inflected, which

' M 2
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soon re-expanded; (9), (10), (11) and (12) none inflected, though
observed for 24 hrs.

Comparing the states of the twelve leaves in water with those
in the solution, there could be no doubt that in the latter a larger
number of tentacleswere inflected, and thesetoa greater degree;
but the evidence was by no means so clear asin the former ex-
perimentswith stronger solutions. It deservesattention that the
inflection of four of the leaves in the solution went on increasing
during thefirst 6 hrs,, and with some of them for a longer time;
whereas in the water the inflection of the three leaves which
were the most affected, as well as of all the others, began to de-
crease duringthis sameinterval. It is also remarkable that the
blades of three of the leaves in the solution were dlightly in-
flected, and this is a most rare event with leaves in water,
though it occurred to a dight extent in one (No. 1), which
seemed to have been in some manner accidentally excited. All
this shows that the solution prodticed some effect, though less
and at a much dower rate than in the previous cases. The
small effect produced may, however, be accounted for in large
part by the majority of the leaves having been in a poor con-
dition.

Of theleavesin the solution, No. 1 bore 200 glands and received
™Horo °f @ grain of the salt Subtracting the seventeen tentacles
which were not inflected, each gland could have absorbed only
*N€ gTHIGEe °f @ grain (‘00000738 mg.).  This amount caused
the tentacle bearing each gland,to be greatly inflected. The
blade was also inflected.

Lastly, eight leaves were immersed, each in thirty minims of a
solution of one part of the phosphate to 21,875,000 of water (1 gr.
to 5000 oz.). Each leaf thus received-»ag00* 2 g %" of the salt,
or -00081 mg. | took especial painsin selecting the finest leaves
from the hot-house for immersion, both in the solution and the
water, and almogt all proved extremey senditive. Beginning as
before with those in the solution:—

(1) After 2 hrs. 30 m. all the tentacles but twenty-two in-
flected, but some only sub-inflected; the blade much inflected;
after 6 hrs. 30 m. all but thirteen inflected, with the blade
immensdly inflected; and remained so for 48 hrs.

(2) No changefor the first 12 hrs, but after- 24 hrs. all the
tentacles inflected, excepting those of the-outermost row, of which
only eleven were inflected. Theinflection continued to increase,
and after 48 hrs. all the tentacles except three were inflected,
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and most of them rather closdy, four or fiye being only sub-
inflected.

(3) No change for the firsg 12 hrs,;; but after 24 hrs. all the

tentacles excepting those of the outermost row were sub-inflected,
with the blade inflected. After 36 hrs. blade strongly inflected,
with all the tentacles, except three, inflected or sub-inflected.
After 48 hrs. in the same state.
, (4) to (8) These leaves, after 2 hrs. 30 m., had respectively
"*2 17, 7, 4, and O tentacles inflected, most of which, after a few
hours, re-expanded, with- the exception of No. 4, which retained
its thirty-two tentacles inflected for 48 hrs.

Now for the eight corresponding leavesin water :—

(1) After 2 hrs 40 m. this had twenty of its outer tentacles
inflected, five of which re-expandcd after 6 hrs. 30 m. After
10 hrs. 15 m. a most unusual circumstance occurred, namely,
the whole blade became dightly bowed towards the footstalk,
and soremained for 48 hrs. The exterior tentacles, excepting
those of the three or four outermost rows, were now also in-
flected to an unusual degree.

(2) to (8) These leaves, after 2 hrs. 40 m., had respectively 42,
12,9, 8, 2, 1, and O tentacles inflected, which all rc-expanded
within 24 hrs,, and most of them within amuch shorter time,

When the two lots of eight leaves in the solution and in the
water were compared after the lapse of 24 hrs., they undoubte-
dly differed much in appearance. The few tentacles on the
leaves in water which were inflected had after this interval re-
*paiided, with the exception of one leaf; and this presented
the very unusual case of the blade being somewhat inflected,
though in a degree hardly approaching that of the two leavesin
the solution. Of these latter leaves, No. 1 had aimog all its
tentacles, together with its blade, inflected after an immerson
°f 2 hrs. 30 m. Leaves No. 2 and 3 were affected at a much
dower rate; but after from 24 hrs. to 48 hrs. amog all their
tentacles were closdy inflected, and the blade of one quite
doubled up. We mugt therefore admit, incredible as the fact
may at first appear, that this extremely weak solution acted on
the more sensitive leaves;, each of wluch receved only the
inyAco of a grain (-00081 mg.) of the phosphate. Now, leaf
No. 3 bore 178 tentacles, and subtracting the three which were
not inflected, each 8Iand could have absorbed only the yradssss

oF a grain, or -00000463 mg. Leaf No. 1, whicn was strongly
acted on within 2 hrs. 30 m., and had til itsouter tentacles,
except thirteen, inflected within 6 hrs. 30 m., bore 260 tentacles;.
and on the same principle as before each gland could have
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absorbed only Tirmtsomi © @ grain, or '00000328 mg.; and this
excessvely minute amount sufficed to cause all the tentacles
bearing these glands to be greatly inflected. The blade was also

inflected.

Svmmary of the Resultswith Phosphate of Ammonia.—
The glands of the disc, when excited by a hdf-minim
drop ("0296 ml.), containing -gdve of a grain (0169
mg.) of this salt, transmit a motor impulse to the
exterior tentacles, causing them to bend inwards. A
minute drop, containing *Mr« of a grain (‘000423
mg.), if held for a few seconds in contact with a
gland, causes the tentacle bearing this gland to be
inflected. If aleaf is left immersed for a few hours,
- and sometimes for a shorter time, in a solution so
wesk that each gland can absorb only the Tirr7r 7ors
of a grain (‘00000328 mg.), this is enough to excite
the tentacle into movement, so that it becomes
closdy inflected, as does sometimes the blade. In
"the general summary to this chapter a few remarks
will be added, showing that the efficency of such
extremely minute doses is not so incredible as it

must at first appear.

Sulphate of Ammonia.—T he few trialsmade with thisand the
following five salts of ammonia were undertaken merdy to
ascertain whether they induced inflection. Half-minims of a
solution of one part of the sulphate of ammonia to 437 of
water were placed on the discs of seven leaves, s0 that each
received A of agrain, or -067/5 mg. After 1 hr. the tentacles
of five of them, as well as the blade of one, were strongly
inflected. The leaves were not afterwards observed.

Citrate of Ammonia.—Half-minims of a solution of one part
to 437 of water were placed on the discs of six leaves. In
1 hr. the short outer tentacles round the discs were a little
inflected, with the glands on the discs blackened. After
3hrs. 25 m. one leat#had its blade inflected, but none of the
exterior tentacles. All six leaves remained in nearly the same
state during the day, the submarginal tentacles, however,
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becoming more inflected. After 23 hrs. three of the leaves had
their blades somewhat inflected; and the submarginal tentacles
of all considerably inflected, but in none were the two, three, or
four outer rows affected. | have rarely seen cases like this,
except from the action of a decoction of grass. Theglands on the
discs of the above leaves, instead of being almost black, as after
the firs hour, were now after 23 hrs. very pale. | next tried
on four leaves half-minims of a weaker solution, of one part to
1312 of water (1 gr. to 3 0z.); so that each received y*y of
agrain (0225 mg.). After 2 hrs. 18 m. the glands on the disc
were very dark-coloured; after 24 hrs. two of the leaves were
dlightly affected; the other two not at all.

Acetate of Ammonia.—Half-minims of a solution of about one
part to 109 of water were placed on the discs of two leaves, both
of which were acted on in 5 hrs. 30 m., and after 23 hrs. had
every single tentacle closely inflected.

Oxahte of Ammonia.—Half-minims of a solution of one part
to 218 of water were placed on two leaves, which, after 7 hrs,,
became moderately, and after 23 hrs. strongly, inflected. Two
other leaves were tried with a weaker solution of one part
to 437 of water; one was strongly inflected in 7 hrs.; the other
not until 30 hrs. had elapsed.

Taiimte of Ammonia—Half-minims of a solution of one part
Jo 437 of water were placed on the discs of five leaves. In
31 m. there was a trace of inflection in the exterior tentacles of
some of the leaves, and this became more decided after 1 hr.
with all the leaves; but the tentacles were never closely in-
flected. After 8 hrs. 30 m. they began to re-expand. Next
morning, after 23 hrs., all were fully re-expanded, excepting
one which was still slightly inflected. The shortness of the
period of inflection in this and the following case is remark-
able.

Chloride of Ammonium. — Half-minims of a solution of one
part to 437 of water were placed on the discs of six leaves.
A decided degree of inflection in the outer and submarginal
tentacles was perceptible in 25 m.; and this increased during
the next three or four hours, but never became strongly marked.
After only 8 hrs. 30 m. the tentacles began to re-expand, and
by the next morning, after 24 hrs., were fully re-expanded on
four of the leaves, but still slightly inflected on two.

General Summary and Concluding Remarks on the
Salts of Ammonia.—We have now seen that the nine
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sats of ammonia which were tried, all cause the in-
flection of the tentacles, and often of the blade of
the leef. As fa as can be ascertaned from the
superficia trials with the last 9x salts, the citrate is
the least powerful, and the phosphate certainly by far
the most. The tartrate and chloride are remarkable
from the short duration of their action. The rea
tive effidency of the carbonate, nitrate, and phos
phate, is shown in the following table by the smallest
amount which auffices to cause the inflection of the
tentacles.

Solutions, how applied. Carbonate of ‘ Nitrate of Phosphate of

Ammonia. |  Ammonia. Ammonia.
Placed on the glands of i sk of & oy Of & i ;ﬂujofn

the disc, S0 as to act ( grain, or grain, or | gram,or
indirectly on the outer ’ , :
tentacleg : : )| *0675mg. | 027 mg. ; -OIGDrng.

Applied for a few se- [ s
conds directly to the 1ol of & . I mim°f?@
gland of an outer{ dram,or grain, or | gran, or
tentacle o "00445 mg. +0025 mg. P 00423 mg.

Leaf immersed, with [
time allowed for each{ 5w © *| wims of & ! tovenemn Of @
gland to absorb allf grain,or grain, or 4 gran, or
that it can , . .J*00024mg. 0000937 mg. , 100000328 mg.

Amount absorbed by a1 I
gland which suffices
to cause the aggre-! yufmm of 2 :
gation of the proto-) gran, or :
plasm in the adjoin-} +00048 myg.
ing cells of the ten-
tacles. . . . .

Trom the experiments tried in these three dif-
ferent ways, we see that the carbonate, which con-
tains 237 per cent, of nitrogen, is less eficient than
the nitrate, which, contains 35 per cent. The phos
phate contains less nitrogen than either of these
salts, namely, only 21/2 per cent., and yet is far more
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efficient; its power no doubt depending quite as much
on the phosphorus as on the nitrogen which it contains,
We may inter that thisis the case, from the energetic
manner in which bits of bone and phosphate of lime
dfect the leaves. Theinflection excited by the other
sdts of ammoniais probably due solely to their nitro-
gen,—on the same principle that nitrogenous organic
fluids act powerfully, whilst non-nitrogenous organic
fluids are powerless  As such minute doses of the
sdts of ammonia afect the leaves, we may fed amost
sure that Drosera absorbs and profits by the amount,
though smdl, which is present in rain-water, in the
samne manner as other plants absorb these same sdlts
by their roots.

The smdlness of the doses of the nitrate, and
more egpecidly of the phosphate of ammonia, which
cause the tentacles of immersed leaves to be inflected,
's perhaps the most remarkable fact recorded in this
volume. When we see that much less than the
millionth* of a grain of the phosphate, absorbed by
% gland of one of the exterior tentacles, causss it to
bend, it may be thought that the effects of the solu-
tion on the glands of the disc have been overlooked;
tamely, the transmisson of a motor impulse from
them to the exterior tentacles. No doubt the move-
ments of the latter are thus aided; but the aid thus
rendered must be insignificant; for we know that a
drop containing as much as the - of a grain placed
on the disc is only just able to cause the outer ten-
tacles of a highly sendtive leaf to bend. It is cer-

. * Itisscarcdy possibletoreal- stretch it along the wall of a large
~o what a million means. The hall; then mark off at one end
beet illustration which | havemet  thetenth of an inch. Thistenth
*ith is that given by Mr. Croll, will represent u hundred, and the
*h&ays—Take a harrow strip of — entire strip a million.

Buper 83 ft. 4 in. in length, and
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tainly a most surprising fact that the ; 1 .. of a
grain, or in round numbers the one-twenty-millionth
of a grain (0000033 ing.), of the phosphate should
affect any plant, or indeed any animal; and as this
salt contains 35*33 per cent, of water of crystallisation,
the efficient elements are reduced to gayV+Tir °f @
grain, or in round numbers to one-thirty-millionth
of a grain (-00000216 mg.). The solution, moreover,
in these experiments was diluted in the proportion of
one part of the salt to 2,187,500 of water, or one grain
to 5000 oz. The reader will perhaps best realise
this degree of dilution by remembering that 5000 oz.
would more than fill a 31-gallon cask; and that to
this large body of water one grain of the salt was
added; only half a drachm, or thirty minims, of the
solution being poured over a leaf. Yet this amount
ufficed to cause the inflection of almost every ten-
tacle, and often of the blade of the leaf.

| am well aware that this statement will at first
appear incredible to almost every one. Drosera is far
from rivalling the power of the spectroscope, but it
can detect, as shown by the movements of its leaves, a
very much smaller quantity of the phosphate of am-
monia than the most skilful chemist can of any
substance* My resultswerefor a long.time incredible

* When my first observations
were made on the nitrate of am-

'Treatise on Heat,!’ 2nd edit.
1871, p. 228). With respect to

monia, fourteen years ago, the
powers of the spectroscope had
not been discovered; and | felt
all the greater interest in the
then unrivalled powersof Drosera.
Now the spectroscope has al-
together beaten Drosera; for ac-
cording to Bunscn and Kirchhoff
probably less than one n” [ A~ of
a grain of sodium can be thus
detected (see Balfour Stewart,

ordinary chemical tests, | gather
from Dr. Alfred Taylor's work
on ' Poisons’ that about " of a
grain of arsenic, ,Jg of a grain
of prussic acid, jjm of iodine,
and 2" of tartarised antimony?
can be detected; but the power
of detection depends® much on the
solutions under trial not being
extremely weak.
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even to mysdf, and | anxiously sought for every
source of error. The salt was in some cases weighed
for me by a chemist in an excellent balance; and fresh
water was measured many times with care. The
observations were repeated during several years. Two
of my sons, who were asincredul ous as mysdlf, compared
severa lots of leaves simultaneoudy immersed in the
wesker solutions and in water, and declared that there
could be no doubt about the difference in their ap-
pearance. * | hope that some one may hereafter be in-
duced to repeat my experiments; in this case he should
select young and vigorous leaves, with the glands
surrounded by abundant secretion. The leaves should
be carefully cut of and laid gently in watch-glasses,
and a measured quantity of the solution and of water
poured over each. The water used must be as ab-
solutely pure as it can be made. It is to be especially
observed that the experiments with the weaker solu-
ions ought to be tried after severa days of very
wam weather. Those with the weakest solutions
should be made on plants which have been kept
for a considerable time in awarm greenhouse, or cool
hothouse; but this is by no means necessary for trials
with solutions of moderate strength.

| beg the reader to observe that the sensitiveness or
ntablllty of the tentacles was ascertained by three
different methods—indirectly by drops placed on the
disc, directly by drops applied to the glands of the
°uter tentacles, and by the immersion of whole leaves,
°nd it wes found by these three methods that the
titrate was more powerful than the carbonate, and the
phosphate much more powerful than the nitrate; this
result being intelligible from the difference in the
amount of nitrogen in the first two salts, and from the
presence of phosphorus in the third. It may ad tn*
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reader's faith to turn to the experiments with a
solution of one grain of the phosphate to 1000 oz
of water, and he will there find decisve evidence that
the one-four-millionth of a grain is sufficient to cause
the inflection of a single tentacle. There is, there-
fore, nothing very improbable in the fifth of this
weight, or the one-twenty-millionth of a grain, acting
on the tentacle of ahighly sensitive leaf. Again, two
of the leaves in the solution of one grain to 3000
0z., and three of the leaves in the solution of one
grain to 5000 oz, were dffected, not only fa more
than the leaves tried at the same time in water, but
incomparably more than any five leaves which can be
picked out of the 173 observed by me at different
times in water.

There is nothing remarkable in the mere fact of the
one-twenty-millionth of a grain of the phosphate,
dissolved in above two million times its weight of
water, being absorbed by a gland. All physologists
admit that the roots of plants absorb the salts of
ammonia brought to them by the rain; and fourteen
galons of rain-water contain* a grain of ammonia,
therefore only a little more than twice as much as i&
the weakest solution employed by me. The fcc*
which appears truly wonderful is, that the one-twenty-
millionth of a grain of the phosphate of ammonia
(including less than the one-thirty-millionth of €fi-
cient matter), when absorbed by a gland, should
induce some change in it, which leads to a motor
impulse being transmitted down the whole length of
the tentacle, causing the basal part to bend, often
through an angle of above 180 degrees.

t Astonishing as is this result, there is no sound reason

* Miller's «Elements of Chemigtry,' part ii. p. 107, 3rd edit. 1804.
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why we should reect it asincredible. Prof. Donders
of Utrecht, informs me that from experiments formerly
made by him and Dr. De Euyter, he inferred that less
than the one-millionth of a grain of sulphate of atro-
ping, in an extremely diluted state, if applied directly
totheiris of a dog, paralyses the muscles of this organ.
But, in fact, every time that we perceive an odour, we
have evidence that infinitely smaller particles act on
our nerves. When a dog stands a quarter of a mile to
leeward of a deer or other animal, and perceives its
presence, the odorous particles produce some change in
the olfactory nerves; yet these particles must be in-
finitely smaller * than those of the phosphate of am-
monia weighing the one-twenty-millionth of a grain.
These nerves then transmit some influence to the brain
of the dog, which leadsto action on its part. With Dro-
Fra, thereally marvellous fact is, that a plant without
%uy specialised nervous system should be affected by
such minute particles; but we have no grounds for
assuming that other tissues could not be rendered as
®xquisitely susceptible to impressions from without if
this were bendficial to the organism, as is the nervous
system of the higher animals.

from go to TOW °® inch—in
diameter. Therefore, an object
between /r and ;; of the size of
a sphere of the phosphate of am-
monia of the above weight can

* My son, George Darwin, has
calculated for me the diameter of
% sphere of phosphate of ammonia
Fspecific gravity 1678), weigh-
"£ the on- -twenty-millionth of

& grain, and finds it to be 1 Jr of
 inch. Now, Dr. Klein informs
me that the smallest Micrococd,
Wwhich are distinctly discernible
under a power of 80 diameters,
e estimated to be from -0002 to
.'0005 of a millimetre—that is,

be seen under a high power; and
Nno one supposes that odorous par-
ticles, such as those emitted from
the deer in the above illustration,
could be seen under any power of
the microscope.
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CHAPTER VIII.

THE EFFECTS OP VARIOUS SALTS AND ACIDS OX THE LEAVES.

Salts of sodium, potassum, and other alkaline, earthy, and metallic
salts— Summary on the action of these salts— Various acids—
Summary on their action.

HAVING found that the sadts o ammonia were 0
powerful, | wes led to investigate the action of some
other salts. It will be convenient, first, to give a list
of the substances tried (including forty-nine salts and
two metallic acids), divided into two columns; showing
those which cause inflection, and those which do not
do 0, or only doubtfully. My experiments were made
by placing half-minim drops on the discs of leaves, or,
more commonly, by immersing them in the solutions;
and sometimes by both methods. A summary of the
results, with some concluding remarks, will then be
given. The action of various acids will afterwards be
described.

SALTS CAUSNG INFLECTION. SALTS NOT CAUSING INFLECTION.

(Arranged in Groups according to the Chemical Classification in Watts
! Dictionary of Chemistry*)

Sodium carbonate, rapid inflec- Potassium carbonate: slowly poi-
tion. % m sonous.
Sodium nitrate, rapid inflection. Potassium nitrate: somewhat poi-
sonous.
Sodium sulphate, moderately  Potassium sulphate.
rapid inflection.
Sodium phosphate, very rapid in-  Potassium phosphate.
flection.
Sodium citrate, rapid inflection. Potassium citrate.
Sodium oxalate, rapid inflection.
Sodium chloride, moderately rapid  Potassium chloride.
inflection.
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SALTS NOT CAUSNG INFLECTION.

(Arranged in Groups according to the CJiemical Classification in Watts
* Dictionary of Chemistry

Sodium iodide, rather dow inflec-
tion.

Sodium bromide, moder ately rapid
inflection.

Potassum oxalate,
doubtful inflection.

Lithium nitrate, moderately rapid
inflection.

Caesum chloride, rather dow in-
flection.

Silver nitrate, rapid inflection:
quick poison.

dow and

Cadmium chloride, dow inflection.
Mercury perchloride, rapid infla-
tion : quick poison.

Aluminium chloride, dow and
doubtful inflection.

Golgl chloride, rapid inflection:
‘quick poison.

Tin chloride, dow inflection: poi-
sonous.

Antimony tartrate, dow inflec-
tion : probably poisonous.

Arsonious acid, quick inflection:
POiSONOUS.

Iron chloride, dow inflection:
probably poisonous. -

Chromic acid, quick inflection:
highly poisonous.

Copper chloride, rather dow in-

. flection: poisonous.

Nickel chloride, rapid inflection:
probably poisonous.

Platinum chloride, rapid inflec-
tion: poisonous.

Potassum iodide, a slight and
doubtful amount of inflection.
Potassium bromide.

Lithium acetate.

Rubidium chloride.

Calcium acetate.
Calcium nitrate.

Magnesium acetate.
Magnesium nitrate.
Magnesium chloride.
Magnesium sulphate.
Barium acetate.
Barium nitrate.
Strontium acetate.
Strontium nitrate.
Zinc chloride.

Aluminium nitrate, a trace of in-
flection.

Aluminium and potassum sul-
phate.

Lead chloride,

Manganese chloride

Cobalt chloride.
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Sodium, Carbonate of (pure, given me by Prof. Hoffmann).—
Half-minims (-0296 ml.) of a solution of one part to 218 of
water (2 grs. to 1 oz.) were placed on the discs of twelve leaves.
Seven of these became wdll inflected; three had only two or
three of their outer tentacles inflected, and the remaining two
were quite unaffected. But the dose, though only the+ J* of a
grain (135 mg.), was evidently too strong, for three of'the
seven well-inflected leaves were killed. On the other hand, one
of the seven, which had only a few tentacles inflected, re-
expanded and seemed quite healthy after 48 hrs. By employing
a weaker solution (viz. one part to 437 of water, or 1 gr. to
1 0z.), doses of » of a grain (‘0675 mg.) were given to Six
leaves. Some of these were affected in 37 m.; and in 8 hrs. the
outer tentacles of all, as wel as the blades of two, were con-
dderably inflected. After 23 hrs. 15 m. the tentacles had
amogt re-expanded, but the blades of the two were still just
perceptibly curved inwards. After 48 hrs. all six leaves were
fully re-expanded, and appeared perfectly healthy.

Three leaves were immersed, each in thirtyininims of a solu-
tion of one part to 875 of water (I gr. to 2 0z.); so that each
received * of a grain (202 mg.); after 40 m. the three were
much- affected, and after 6 Hrs 45 m. the tentacles of all and
the blade of one closdly inflected.

Sodium, Nitrate of (pure).—Half-minims of a solution of one
part to 487 of water, containing - of a grain ("0675 mg)»
were placed on the discs of five leaves. After 1 hr. 25 m. the
tentacles of nearly all, and the blade of one, were somewhat
inflected. The inflection continued to increase, and in 21 hrs,
15 m. the tentacles and the blades of four of them were greatly
affected, and the blade of the fifth to a dight extent. After an
additional 24 hrs. the four leaves still remained closdy inflected,
whilst the fifth was beginning to expand. Four days after the
solution had been applied, two of the leaves had quite, and one
had partially, re-expanded; whilst the remaining two remained
closdaly inflected and appeared injured.

Three leaves were immersed, each in thirty minims of a solu-
tion of one part to 875 of water; in 1 hr. there was great inflec-
tion, and after 8 hrs. 15 m. every tentacle and the blades of all
three were most strongly inflected.

Sodium, Sulphate of—Half-minims of a solution of one part
to 437 of water were placed on the discs of six leaves. After
5 hrs. 30 m. the tentacles of three of them (with the blade of
one) were condderably, and those of the other three dightly,
inflected. After 21 hrs. the inflection had a little decreased,
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and in 45 hrs. the leaves were fully expanded, appearing quite
healthy.

Three leaves were immersed, each in thirty minims of a solu-
tion of one part of the sulghate to 875 of water; after 1 hr.
30 m. there was some inflection, which increased so much that
in 8 hrs. 10 m. all the tentacles and the blades of all three leaves
werQ closely inflected.

Sodium, Phosphate of.—Half-minims of a solution of one part
to 437 of water were placed on the discs of six leaves. The
solution acted with extraordinary rapidity, for in 8 m. the outer
tentacles on several of the leaves were much incurved. After
6 hrs. the tentacles of all six leaves, and the blades of two, were
closely inflected. This state of things continued for 24 hrs,
excepting that the blade of a third leaf became incurved. After
48 hrs. all the leaves re-expanded. It is clear that » of a
grain of phosphate of soda has great power in causing in-
flection.

Sodium, Citrate of.—Half-minimsof a solution of onepart to
437 of water were, placed on the discs of six leaves, but these
wore not observed until 22 hrs. had eapsed. The sub-
Eaargina tentacles of five of them, and the blades of four, were
then found inflected; but the outer rows of tentacles were not
affected. One leaf, which appeared older than the others, was
‘cry little affected in any way. After 46 hrs. four of the leaves
were almost re-expanded, including their blades. Three leaves
were also immersed, each in thirty minims of a solution of one
part of the citrate to 875 of water; they were much acted
on in 25 m.; and after 6 hrs. 35 m. almost all the tentacles,
including those of the outer rows, were inflected, but not the |
blades.

Sodium, Oxalate of.—Half-minimsof a solution of one part to
437 of water wero placed on the discs of seven leaves; after
5 hrs. 30 m. the tentacles of all, and the blades of most of them,
were much affected. In 22 hrs., besdes the inflection of tho
tentacles, the blades of all seven leaves were so much doubled
over that their tips and bases almost touched. Ou no other
occason have | seen the blades so strongly affected. Three
leaves were also immersed, each in thirty minims of a solution of
one part to 875 of water; after 30 m. there was much inflection,
and after 6 hrs. 35 m. the blades of two and the tentacles of all
were closaly inflected.

Sodium, Chloride of (best culinary salt).—Half-minims of u
solution of one part to 218 of water were placed on the discs

N
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of four leaves. Two, apparently, were not at all affected in
48 hrs.; the third had its tentacles dightly inflected; whilst
the fourth had almost all its tentacles inflected in 24 hrs,, and
these did not begin to re-expand until the fourth day, and were
not perfectly expanded on the seventh day. | presume that
this leaf was injured by the salt. Half-minims of a weaker
solution, of one part to 437 of water, were then dropped 04 the
discs of six leaves, so that each recelved -* of a grain. In
1 hr. 33 m. there was dlight inflection; and after 5 hrs. 30 m.
the tentacles of all six leaves were considerably, but not closdy,
inflected. After 23 hrs. 15 m. all had completely re-expanded,
and did not appear in the least injured.

Three leaves were immer sed, each in thirty minims of a solu-
tion of one part to 875 of water, so that each received fa °f @
grain, or 202 mg. After 1 hr. there was much inflection;
after 8 hrs. 30 m. all the tentacles and the blades of all three
were closaly inflected. Four other leaves were also immersed
in the solution, each recelving the same amount of salt
as before, viz. fa of agrain. They all soon became inflected;
after 48 hrs. they began to re-expand, and appeared quite un-
injured, though the solution was sufficiently strong to taste
saline.

Sodium, | odide of.—Half-minims of a solution of one part to
437 of water were placed on the discs of six leaves. After
24 hrs. four of them had their blades and many tentacles in-
flected. The other two had only ther submarginal tentacles
inflected; the outer ones in most of the leaves being but little
affected. After 46 hrs. the leaves had nearly re-expanded.
Three leaves were also immersed, each in thirty minims of a
solution of one part to 875 of water. After 6 hrs. 30 m. almost
all the tentacles, and the blade of one leaf, were closdly inflected.

Sodium, Bromide of.—Half-minims of a solution of onepart to
437 of water were placed on six leaves. After 7 hrs. there was
some inflection; after 22 hrs. three of the leaves had their blades
and most of ther tentacles inflected; the fourth leaf was very
dightly, and the fifth and sixth hardly at all, affected. Three
leaves were also immersed, each in thirty minims of a solution
of one part to 875 of water; after 40 m. there was some inflec-
tion ; after 4 hrs. thetentacles of all three leaves and the blades
of two were inflected. These leaves were then placed in water,
and after 17 hrs. 30 m. two of them were almost completdy!

and the third partially, re-expanded; so that apparently they
were not injured.
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Potassium, Carbonate of (pure).—Half-minims of a solution
of one part to 437 of water were placed on six leaves. No
effect was produced in 24 hrs.; but after 48 hrs. some of the
leaves had ther tentacles, and one the blade, considerably
inflected. This, however, seemed the result of their being in-
jured; for on thethird day after the solution was given, three of
the leaves were dead, and one was very unhealthy; the other
two were recovering, but with several of their tentacles appa-
rently injured, and these remained permanently inflected. It
Is evident that the gJe of a grain of this salt acts as a poison.
Three leaves were also immersed, each in thirty minims of a
solution of one part to 875 of water, though only for 9 hrs.; and,
yery differently from what occurs with the salts of soda, no
inflection ensued.

Potassium, Nitrate of.—Half-minims of a strong solution, of
one part to 109 of water (4 grs. to 1 0z.), were placed on the
discs of four leaves, two were much injured, but no inflection
ensued. Eight leaves were treated in the same manner, with
drops of a weaker solution, of one part to 218 of water. After
50 hrs. there was no inflection, bat two of the leaves seemed in-
jured. Five of these leaves were subsequently tested with drops
°f milk and a solution, of gelatine on their discs, and only one
became inflected; so that the solution of the nitrate of the
above strength, acting for 50 hrs., apparently had injured or
paralysed the leaves. Six leaves were then treated in the same
manner with a still weaker solution, of one part to 437 of water,
and these, after 48 hrs., were in no way affected, with the excep-
tion of perhapsa single leaf. Three leaves were next immersed
for"25 hrs, each in thirty minims of a solution of one part to
875 of water, and this produced no apparent effect. They were
then put into a solution of one part of carbonate of ammonia
to 218 of water; the glands were immediately blackened, and
after 1 hr. there was some inflection, and the protoplasmic con-
tents of the cells became plainly aggregated. This shows that
the leaves had not been much injured by their immerson for
25 hrs. in the nitrate.

Potassium, /Sulphate of. —Half-minimsof a solution of onepart
to 437 of water were placed on the discs of six leaves. After
20 hrs. 30 m. no effect was produced; after an additional 24 hrs.
three remained quite unaffected; two seemed injured, and the
sixth seemed almost dead with its tentacles inflected. Never-
theless, after two additional days, all six leaves recovered. The
iImmerdon of three leaves for 24 hrs, each in thirty minims of -

N 2
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a solution of one part to 875 of water, produced no apparent
effect. They were then treated with the same solution of car-
bonate of ammonia, with the same result as in the case of the
nitrate of potash.

Potassium, Phosphate of. —Half-minims of a solution of one
part to 437 of water were placed on the discs of six leaves,
which were observed during three days; but no effect was pro-
duced. The partial drying up of the fluid on the disc dightly
drew together the tentacles on it, as often occurs in experi-
ments of thiskind. The leaves on the third day appeared quite
healthy.

Potassium, Citrate of.—Half-minims of a solution of one part
to 437 of water, left on the discs of six leaves for three days,
and the immerson of three leaves for 9 hrs, each in 30 minims
of a solution of one part to 875 of water, did not produce the
least effect.

Potassium, Oxalate of.—Half-minims were placed on different
occasons on the discs of seventeen leaves, and the results per-
plexed me much, as they still do. Inflection supervened very
dowly. After 24 hrs. four leaves out of the seventeen were well
inflected, together with the blades of two; six were dlightly
affected, and seven not at all. Three leaves of one lot were
observed for five days, and all died; but in another lot of
six, all excepting one looked healthy after four days. Three
leaves were immersed during 9 hrs,, each in 30 minims of
a solution of one part to 875 of water, and were not in the
least affected; but they ought to have been observed for a
longer time.

Potassium, Chloride (/.—Nether half-minimsof a solution of
one part to 437 of water, left on the discs of six leaves for three
days, nor the immerson of three leaves during 25 hrs, in
30 minims of a solution of one part to 875 of water, produced
the least effect. The immersed leaves were then treated with
carbonate of ammonia, as described under nitrate of potash, and
with the same result.

Potassium, lodide g/* —Half-minims of a solution of one part
to 437 of water were placed on the discs of seven leaves. In
30 m. one leaf had the blade inflected; after some hoursthree
leaves had most of their submarginal tentacles moderately in-
flected; the remaining three being very dightly affected.
Hardly any of these leaves had their outer tentacles inflected.
After 21 hrs. all re-expanded, excepting two which still had a
few submarginal tentacles inflected. Three leaves wcro next
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immersed for 8 hrs. 40 m., each in 30 minims of a solution of
one part to 875 of water, and were not in the least affected. |
do not know what to conclude from this conflicting evidence;
but it is clear that the iodide of potassum does not generally
produce any marked effect.

Potassium, Bromide of.—Half-minimsof a solution of one part
to 437 of water were placed on the discs of six leaves; after
22 hrs. one had its blade and many tentacles inflected, but |
suspect that an insect might have alighted on it and then
escaped; the five other leaves were in no way affected. |
tested three of these leaves with bits of meat, and after 21 hrs.
they became splendidly inflected. Three leaves were also im-
mersed for 21 hrs. in 30 minims of a solution of one part to 875
of water; but they were not at all affected, excepting that the
glands looked rather pale.

Lithium, Acetate of.—Four leaves were immersed together in
a vessa containing 120 minims of a solution of one part to 437
of water; so that each received, if the leaves absorbed equally,
1V of a grain. After 24 hrs. there was no inflection. | then
added, for the sake of testing the leaves, some strong solution
(viz. 1 gr.to 20 oz., or one part to 8750 oi water) of phosphate
of ammonia, and all four became in 30 m. closdy inflected.

Lithium, Nitrate of.—Four leaves were immersed, as in the
last case, in 120 minims of a solution of one part to 437 of
water; after 1 h. 30 in. all four were a little, and after 24 hrs,
greatly, inflected. | then diluted the solution with some
water, but they still remained somewhat inflected on the third
day.

Ccesium, Chlorideof.—Four leaveswereimmer sed, asabove, in
120 minims of a solution of one part to 437 of water. After
1 hr. 5 m. the glands were darkened; after 4 hrs. 20 m. there
was a trace of inflection; after 6 hrs. 40 m. two leaves were
greatly, but not closdly, and the other two consderably inflected.
After 22 hrs. the inflection was extremdy great, and two had
their blades inflected. | then transferred the leaves into, water,
and in 46 hrs. from ther firs immerson they were amost re-
expanded.

Rubidium, Chloride of.-—Four leaveswhich wereimmersed, as
above, in 120 minims of a solution of one part to 437 of water,
werenot acted on in 22 hrs. | then added some of the strong
solution (1 gr. to 20 oz.) of phosphate of ammonia, and in 30 m.
all were immensely inflected.

Silver, Nitrate of. — Three leaves were immersed in ninety
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minims of a solution of one part to°437 of water; so that each
recaeived, as before.  of agrain. After 5 m. dight inflection,
and after 11 m. very srong inflection, the glands becoming
excessvely black; after 40 m. all the tentacles were closdly
inflected. After 6 hrs. the leaves were taken out of the solution,
washed, and placed in water; but next morning they were
evidently dead.

Calcium, Actt iteo/ —Four leaveswereimmersed in 120 minims
of a solution of one part to 437 of water; after 24 hrs. none of
the tentacles were inflected, excepting a few where the blade
joined the petiole; and this may have been caused by the
absorption of the salt by the cut-off end of the petiole. | then
added some of the solution (1 gr. to 20 oz.) of phospate of
ammonia, but this to my surprise excited only dight inflection,
even after 24 hrs. Hence it would appear that the acetate had
rendered the leaves torpid.

Calcium, Nitrate (/.—Four leaveswereimmersed in 120 minims
of a solution of one part to 437 of water, but were not affected
in 24 hrs. | then added some of the solution of phosphate of
ammonia (1 gr.to 20 oz.), but this caused only very dight in-
flection after 24 hrs. A fresh leaf was next put into a mixed
solution of the above strengths of the nitrate of calcium and
phosphate of ammonia, and it became closdly inflected in between
5m. and 10 m. Half-minims of a solution of one part of the
nitrate of calcium to 218 of water were dropped on the discs of
three leaves, but produced no effect.

Magnesium, Acetate, Nitrate, and Chloride of.—Four leaveswere
immersed in 120 minims of solutions, of one part to 437 of water,
of each of these three salts ; after 6 hrs. there was no inflection;
but after 22 hrs. one of the leaves in the acetate was rather more
inflected than generally occurs from an immerson for this
length of timein water. Some of the solution (1 gr. to 20 0z.)
of phosphate of ammonia was then added to the three solutions.
The leavesin the acetate mixed with the phosphate underwent
some inflection; and this was well pronounced after 24 hrs.
Those in the mixed nitrate were decidedly inflected in 4 hrs.
30 m., but the degree of inflection did not afterwards much
increase; whereas the four leaves in the mixed chloride were
greatly inflected in a few minutes, and after 4 hrs. had almost
every tentacle closdly inflected. We thus see that the acetate
and nitrate of magnesum injure the leaves, or at least prevent
the subsequent action of phosphate of ammonia; whereas the
chloride has no such tendency.
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Magnesium, Sulphate of.—Half-minimsof asolution of one part
to 218 of water were placed on the discs of ten leaves, and pro-
duced no effect.

Barium, Acetate of—Four leaveswere immersed in 120 minims
of a solution of one part to 437 of water, and after 22 hrs. there
was no inflection, but the glands were blackened. The leaves
were then placed in a solution (1 gr. to 20 oz.) of phosphate of
ammonia, which caused after 26 hrs. only a little inflection in
two of the leaves.

Barium, Nitrate of. —Four leaveswereimmersed in 120 minims
of a solution of one part to 437 of water; and after 22 hrs. there
was no more than that dight degree of inflection, which often
follows from an immerdon of this length in pure water. |
then added some of the same solution of phosphate of ammonia,
and after 30 m. one leaf was greatly inflected, two others
moderately, and the fourth not at all. The leaves remained
in this state for 24 hrs.

Strontium, Acetate of.—Four leaves, immersed in 120 minims of
a solution of one part to 437 of water, were not affected in
22 hrs. They were then placed in some of the same solution
of phosphate of ammonia, and in 25 m. two of them were
greatly inflected; after 8 hrs. the third leaf was consderably
inflected, and the fourth exhibited a trace of inflection. They
were in the same state next morning.

Strontium, Nitrate of.—Five leaves were immersed in 120
minims of a solution of one part to 437 of water; after 22 hrs.
there was some dlight inflection, but not more than sometimes
occurs with leaves in water. They were then placed in the
same solution of phosphate of ammonia; after 8 hrs. three of
them were moderatdy inflected, as were all H”e after 21 hrs,;
but not ono was closealy inflected. It appears that the nitrate of
strontium renders the leaves half torpid.

Cadmium, Chloride of.—Threeleaveswereimmersed in ninety
minims of a solution of one part to 437 of water; after 5 hrs.
20 m. dight inflection occurred, which increased during the
next three hours. After 24 hrs all three leaves had their
tentacles well inflected, and remained so for an additional 24
hrs.; glands not discolour ed.

Mercury, Ptrchloride of—Thr eeleaveswereimmersad in ninety
minims of a solution of one part to 437 of water; after 22 ni.
there was some dlight inflection, which in 48 m. became well
pronounced; the glands were now blackened. After 5 hrs.
35 m. al the tentacles closaly inflected; after 24 hrs. still -
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inflected and discoloured. The leaves were then removed and
left for two days in water; but they never re-expanded, being
evidently dead.

Zinc, Chloride of.—Three leaves immersed in ninety minims
of a solution of one part to 437 of water were not affected in
25 hrs. 30 m.

Aluminium, Chloride of.—Four leaveswereimmersed in 120
minims of a solution of one part to 437 of water; after 7 hrs.
45 m. no inflection; after 24 hrs. one leaf rather closdly, the
second moderately, the third and fourth hardly at all, inflected.
The evidence is doubtful, but | think some power in dowly
causing inflection must be attributed to this salt. These leaves
were then placed in the solution (1 gr. to 20 oz.) of phosphate
of ammonia, and after 7 hrs. 30 m. the three, which had been
but little affected by the chloride, became rather closdy in-
flected.

Aluminium, Nitrate of —Four leaves were immersed in 120
minims of a solution of one part to 437 of water; after 7 hrs.
45 m. there was only a trace of inflection; after 24 hrs. one leaf
was moder ately inflected. The evidence is here again doubtful,
asin the case of the chloride of aluminium. The leaves were
then tranderred to the same solution, as before, of phosphate of
ammonia; this produced hardly any effect in 7 hrs. 30 m.; but
after 25 hrs. one leaf was pretty closdy inflected, the three
othersvery dightly, perhaps not more so than from water.

Aluminium and Potassium, Sulphate of (common alum).—Half-
minims of a solution of the usual strength were placed on the
discs of nine leaves, but produced no effect.

Gold, Chloride of.—Seven leaves were immersed in BO much of
a solution of one part to 437 of water that each received
30 minims, containing -* of agrain, or 4048 mg., of the chloride.
There was some inflection in 8 m., which became extreme in
45 m. In 3 hrs. the surrounding fluid was coloured purple, and
the glands were blackened. After O hrs. the leaves were trans
ferred to water; next morning they were found discoloured and
evidently killed. The secretion decomposes the chloride very
readily; the glands themselves becoming coated with the
thinnest layer of metallic gold, and particles float about on
the surface of the surrounding fluid.

Lead, Chloride of.—Three leaves were immersed in ninety
minims of a solution of one part to 437 of water. After 23 hrs.
therewas not a trace of inflection; the glands were not blackened,
and the leaves did not appear injured. They were then trans
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ferred to the solution (1 gr. to 20 oz.) of phosphate of ammonia,
and after 24 hrs. two of them were somewhat, the third very
little, inflected; and they thus remained for another 24 hrs.

Tin, Chloride of.—Four leaves were immersed in 120 minims
of a solution of about one part (all not being dissolved) to 437 of
water. After 4 hrs. no effect; after 6 hrs. 30 m. all four leaves
tad ther submarginal tentacles inflected; after 22 hrs. every
sngle tentacle and the blades were closdy inflected. The sur-
rounding fluid was now coloured pink. The |leaves were washed
and trandferred to water, but next morning were evidently dead.
This chlorideis a deadly poison, but acts dowly.

Antimony, Turtrate of —Thr ee leaves wereimmersed in ninety
niinims of a solution of one part to 437 of water. After 8 hrs.
30 m. there was dlight inflection; after 24 hrs. two of the leaves
were closdly, and the third moderatdy, inflected; glands not
much darkened. The leaves were washed and placed in water,
but they remained in the same state for 48 additional hours.
This salt is probably poisonous, but acts dowly.

Arsenious Ati<f.—A solution of one part to 437 of water; three
leaves were immersed in ninety minims; in 25 m. consderable
inflection; in 1 h. great inflection; glands not discoloured. After
6 hrs. the leaves were tranderred to water; next morning they
looked fresh, but after four days were pale-coloured, had not
re-expanded, and were evidently dead.  *

Iron, Chloride of.—Three leaves were immersed in ninety
niinims of a solution of one part to 437 of water; in 8 hrs. no
inflection; but after 2i hrs. condderable inflection; glands
blackened; fluid coloured yellow, with floating flocculent
particles of oxide of iron. The loaves were then placed in
water; after 48 hrs. they had ro-expanded a very little, but |
think were killed; glands excessively black.

Chromic Acid.—One part to 437 of water; three leaves were
inunersed in ninety minims; in 30 m. some, and in 1 hr. con-
sderable, inflection; after 2 hrs. all the tentacles closdy in-
flected, with the glands discoloured. Placed in water, next
day leaves quite discoloured and evidently killed.

Manganese, Chloride of.—Three leaves immersed in ninety
niinims of a solution of one part to 437 of water; after 22 hrs.
no more inflection than often occurs in water; glands not
blackened. The leaves were then placed in the usual solution
of phosphate of ammonia, but no inflection was caused even
after 48 hrs.

Copper, Chloride*f.—Threeleavesimmersed in ninety minims
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of a solution of one part to 437 of water; after 2 hrs. some inflec-
tion; after 3 hrs. 45 m. tentacles closdy inflected, with the
glands blackened. After 22 hrs. still closdly inflected, and the
leaves flaccid. Placed in pure water, next day evidently dead.
A rapid poison.

Nickd, Chloride of—Three leaves immersed in ninety minims
of a solution of one part to 437 of water; in 25 m. consderable
inflection, and in 3 hrs. all the tentacles closdly inflected. After
22 hrs. still closdly inflected; most of the glands, but not all,
blackened. The leaves were then placed in water; after 24 hrs.
remained inflected; were somewhat discoloured, with the glands
and tentacles dingy red. Probably killed.

Cobalt, Chloride of.—Threeleavesimmersed in ninety minims
of a solution of one part to 437 of water; after 23 hrs. there
was not a trace of inflection, and the glands were not more
blackened than often occurs after an equally long immersion in
water.

Platinum, Chloride o/ —Three leaves immersed in ninety
minims of a solution of one part to 437 of water; in 6 m. some
inflection, which became immense after 48 m. After 3 hrs. the
glands were rather pale. After 24 hrs. all the tentacles till
closdly inflected; glands colourless; remained in same state for
four days; leaves evidently killed.

Concluding Remarks on the Action of the foregoing
Salts—Of the fifty-one salts and metallic acids which
were tried, twenty-five caused the tentacles to be in-
flected, and twenty-six had no such effect, two rather
doubtful cases occurring in each series. In the table
at the head of this discusson, the salts are arranged
according to their chemical affinities; but their action
on Drosera does not seem to be thus governed. The
nature of the base is far more important, as far as can
be judged from the few experiments here given, than
that of the acid; and this is the conclusion at which
physiologists have arrived with respect to animals.
We see this fact illustrated in all the nine salts of
soda causing inflection, and in not being poisonous
except when given in large doses, whereas seven of
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the corresponding salts of potash do not cause inflec-
tion, and some of them are poisonous. Two of them,
however, viz. the'oxalate and iodide of potash, dowly
induced a slight and rather doubtful amount of inflec-
tion. This difference between the two series is inter-
esting, as Dr. Burdon Sanderson informs me that
sodium salts may be introduced in large doses into
the circulation of mammals without any injurious
effects, whilst small doses of potassum salts cause
leath by suddenly arresting the movements of the
heart. An excellent instance of the different action
°f the two series is presented by the phosphate of
soda quickly causing vigorous inflection, whilst phos-
phate of potash is quite inefficient. The great power
°f the former is probably due to the presence of
phosphorus, as in the cases of phosphate of lime and
°f ammonia. Hence we may infer that Drosera cannot
obtain phosphorus from the phosphate of potash. This
’s remarkable, as | hear from Dr. Burdon Sanderson
that phosphate of potash is certainly decomposed
within the bodies of animals. Mogt of the salts of
soda act very rapidly; theiodide acting dowest. The
oxalate, nitrate, and citrate seem to have a specia
tendency to cause the blade of the leaf to be inflected.
He glands of the disc, after absorbing the citrate,
transmit hardly any motor impulse to the outer
tentacles; and in this character the citrate of soda
resembles the citrate of ammonia, or a decoction of
grass-leaves; these three fluids al acting chiefly on
the blade.

It seems opposed to the rule of the preponderant
influence of the base that the nitrate of lithium
causes moderately rapid inflection, whereas the acetate
causes none; but this metal is closdly alied to sodium



188 DROSERA ROTUNDIPOLIA. CHAP. VIII-

and potassum,* which act so differently; therefore
we might expect that its action would “be inter-
mediate. We see, dso, that caesum causes inflection,
and rubidium does not; and these two metals are
dlied to sodium and potassum. Mog of the earthy
salts are inoperative.  Two salts of calcium, four of
magnesium, two of barium, and two of strontium, did
not cause any inflection, and thus fdlow the rule of
the preponderant power of the base. Of three salts
of duminium, one did not Ad, a second showed a
trace of action, and the third acted dowly and doubt-
fully, so that their effects are nearly dlike.

Of the salts and acids of ordinary metals, seventeen
were tried, and only four, namely those of zinc, lead,
manganese, and cobdlt, faled to causeinflection. The
salts of cadmium, tin, antimony, and iron, act dowly;
and the three latter seem more or lesspoisonous. The
salts of dlver, mercury, gold, copper, nickel, and
platinum, chromic and arsenious acids, cause great
inflection with extreme quickness, and are deadly
poisons. It is surprising, judging from animals, that
lead and barium should not be poisonous. Mos of the
poisonous salts make the glands black, but chloride of
platinum made them very pale. | shall have occason,
in the next chapter, to add a fev remarks on the df-
ferent effects of phosphate of ammonia on leaves pre-
vioudy immersed in various solutions.

ACIDS.

| will first give, as in the case of the sdts, a lig
of the twenty-four acids which were tried, divided into
two series, according as they cause or do not cause

* Miller's' Elementsof Chemigry, 3rd edit. pp. 337, 448.
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After describing the experiments, a few

concluding remarks will be added.

ACIDS, MUCH DILVTED, WHICH CAUSE
INFLECTION.

ACIDS, DILUTED TO THE SAME
DEGREE, WHICH DO NOT CAISE
INFLECTION.

Nitric, strong inflection; poi-
SoNous.

Hydrochloric, moderate and
dow inflection; not poisonous.

Gallic; not poisonous.
Tannic; not poisonous.
Tartaric; not poisonous.
Citric; not poisonous.

grWNE

Hydriodic, strong inflection;
poisonous.

lodic, strong inflection; poi-
sonous.

Sulphuric, strong inflection;
somewhat poisonous.
Phosphoric, strong inflection;
poisonous.

Boiacic, moderate and rather
dow inflection; not poisonous.
Formic, very slight inflec-
tion ; not poisonous.

Acetic, strong and rapid in-
flection ; poisonous.

10. Propionic, strong but not very
rapid inflection; poisonous.

Uric; () not poisonous.

© o N oo g b~ W

U. Oleic, quick inflection; very
pOoiSoNous.
12. Carbolic, very slow inflection;

poisonous.

18. Lactic, slow and moderate in-
flection; poisonous.

U. Oxalic, moderately quick in-
flection ; very poisonous.

15 malic, very slow but consider-
able inflection; not poisonous.

16. Benzoic, rapid inflection; very
poisonous.

17. Huccinic,
inflection;
SONous.

18. Hippuric, rather slow inflec-
tion; poisonous.

19. Hydrocyanic, rather rapid in-
flection ; very poisonous.

moderately quick
moderately poi-

Nitric Acid.—Four leaves wore placed, each in thirty minims
°f one part by weight of the acid to 487 of water, so that each
recaived 1\ of a grain, or 4Q48 mg. This strength was chosen
for thisand most of the following experiments, asit is the same
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as that of most of the foregoing saline solutions. In 2 hrs. 30 m.
some of the leaves were consderably, and in 6 hrs. 30 m. all
were immensdly, inflected, as were their blades. The surround-
ing fluid was dlightly coloured pink, which always shows that
the leaves have been injured. They were then left in water for
three days, but they remained inflected and were evidently
Killed. Mog of the glands had become colourless. Two leaves
were then immersed, each in thirty minims of one part to 1000
of water; in a few hours there was some inflection; and after
24 hrs. both leaves had aimost all their tentacles and blades in-
flected ; they wereleft in water for three days, and one partially
re-expanded and recovered. Two leaves were next immersed,
each in thirty minims of one part to 2000 of water; this pro-
duced very little effect, except that most of the tentacles close
to the summit of the petiole were inflected, as if the acid had
been absorbed by the cut-off end.

Hydrochloric Acid—Onepart to 437 of water; four leaveswere
immersed as before, each in thirty minims.  After 6 hrs. only
one leaf was condderably inflected. After 8 hrs. 15 m. one had
its tentacles and blade well inflected; the other three were
moderately inflected, and the blade of one dightly. The
surrounding fluid was not coloured at all pink. After 25 hrs.
three of these four leaves began to re-expand, but their glands
were of a pink instead of a red colour; after two more days
they fully re-expanded; but the fourth leaf remained inflected,
and seemed much injured or killed, with its glands white.
Four leaves werethen treated, each with thirty minimsof one part
to 875 of water; after 21 hrs. they were moderately inflected;
and on being trandferred to water, fully re-expanded in two days,
and seemed quite healthy.

llydriodic Acid.—One to 437 of water; threeleaves were im-
mersed as before, each in thirty minims.  After 45 m. the glands
wer e discoloured, and the surrounding fluid became pinkish, but
there was no inflection. After 5 hrs. all the tentacles were
closaly inflected; and an immense amount of mucus was secr eted,
so that the fluid could be drawn out into long ropes. The leaves
were then placed in water, but never re-expanded, and were evi-
dently killed. Four leaveswere next immersed in one part to 875
of water; the action was ROW sower, but after 22 hrs. all four
leaves were closdly inflected, and were affected in other respects
as above described. These leaves did not re-expand, though
left for four days in water. This acid acts far more powerfully
than hydrochloric, and is poisonous.

| odic Acid—Oneto 437 of water:; threeleaves were immersed,
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each in thirty minims; after 3 hrs. strong inflection; after 4 hrs.
glands dark brown; after 8 hrs. 30 m. close inflection, and the
leaves had become flaccid; surrounding fluid not coloured pink.
These leaves were then placed in water, and next day were
evidently dead.

Sulphuric Acid—One to 437 of water; four leaves were im-
mersed, each in thirty minims, after 4 hrs great inflection;
after 6 hrs. surrounding fluid just tinged pink; they wero then
placed in water, and after 46 hrs. two of them were still closely
inflected, two beginning to re-expand; many of the glands
colourless. This acid is not so poisonous as hydriodic or iodic
acids.

Phosphotic Acid—One to 437 of water; three leaves were
immersed together in ninety minftns, after 5 hrs. 30 m. some
inflection, and some glands colourless, after 8 hrs. all the
tentaclesclosely inflected, and many glandscolourless; surround-
mg fluid pink. Left in water for two days and a half, remained
In the same state and appeared dead.

Boracic Acid—One to 437 of water; four leaves wore im-
mers&d together in 120 minims; after 6 hrs. very dight inflection;
after 8 hrs. 15 m. two were condderably inflected, the other two
dightly. After 21 hrs. one leaf was rather closdy inflected,
the second less closdly, the third and fourth moderatdy. The
leaves were washed and put into water; after 24 hrs. they
were almost fully re-expanded and looked healthy. This acid
agrees closaly with hydrochloric acid of the same strength in
its power of causing inflection, and in not being poisonous.

Ki/miic Acid—Four leaves were immersed together in 120
minims of one part to 437 of water; after 40 m. dight, and after
6 hrs. 30 m. very moderate inflection; after 22 hrs. only a little
more inflection than often occurs in water. Two of the leaves
were then washed and placed in a solution (1 gr. to 20 oz.) of
phosphate of ammonia; after 24 hrs. they were consderably
inflected, with tho contents of their cells aggregated, showing
that the phosphate had acted, though not to the full and
ordinary degree.

Acetic Acid—Four leaves were immersed together in 120
minims of one part to 437 of water. In 1 hr. 20 m. the tentacles
of all four and the blades of two were greatly inflected. After
8 hrs. the leaves had become flaccid, but still remained closely
inflected, the surrounding fluid being coloured pink. They were
then washed and placed in water; next morning they were still
inflected and of a very dark red colour, but with their glands
colourless. After another day they were dingy-coloured, and
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evidently dead. Thisacid is far more powerful than formic, and
Is highly poisonous. Half-minim drops of a stronger mixture
(viz. one part by measure to 3 of water) were placed on the
discs of five leaves;, none of the exterior tentacles, only those
on the borders of the disc which actually absorbed the acid,
became inflected. Probably the dose was too strong and para-
lysed the leaves, for drops of a weaker mixture caused much
inflection; nevertheless the leaves all died after two days.

Propionic AM.—T hree leaves wereimmer sed in ninety minims
of a mixture of one part to 437 of water; in 1 hr. 50 m. there
was no inflection; but after 3 hrs. 40 m. one leaf was greatly
inflected, and the other two dightly. The inflection continued
to increase, so that in 8 hrs. all three leaves were closdly in-
flected. Next morning, after 20 hrs, most of the glands were
very pale, but some few were almost black. No mucus had been
secreted, and the surrounding fluid was only just ])erceptibly
tinted of a pale pink. After 46 hrs. the leaves became dlightly
flaccid and were evidently killed, as was afterwards proved to
be the case by keeping them in water. The protoplasm in the
closely inflected tentacles was not in the least aggregated, but
towards their bases it was collected in little brownish masses at
the bottoms of the cells. This protoplasm was dead, for on
leaving the leaf in a solution of carbonate of ammonia, no
aggregation ensued. Propionic acid is highly poisonous to
Drosera, like its ally acetic acid, but induces inflection at a
much dower rate.

Ohic Acid (given me by Prof. Frankiand).—Three leaves were
immersed in this acid; some inflection was almost immediately
caused, which increased dlightly, but then ceased, and the leaves
seemed killed.  Next morning they were rather shrivelled, and
many of the glands had fallen off the tentacles. Drops of this
acid were placed on the discs of four leaves; in 40 m. all the
tentacles were greatly inflected, excepting the extreme marginal
ones; and many of these after 3 hrs. became inflected. | was
led to try this acid from supposing that it was present (whi<*
does not seem to be the case)* in olive ail, the action of which
is anomalous. Thusdrops of thisoil placed on the disc do not
cause the outer tentacles to be inflected; yet when minute
drops were added to the secretion surrounding the glands of the
outer tentacles, these were occasionally, but by means always,
inflected. Two leaveswere also immersed in this oil, and there

* Sec articles on Glycerine and Olcic Acid in Watts ©Diet, of

{ ‘]Il“lli\' ry_ %
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was no inflection for about 12 hrs.; but after 23 hrs. aimost all
the tentacles were inflected. Three leaves were likewise im-
mersed in unboiled linseed oil, and soon became somewhat, and
in 3 hrs. greatly, inflected. After 1 hr. the secretion round the
glands was coloured pink. 1 infer from thislatter fact that the
power of linseed oil to cause inflection cannot be attributed to
the albumin which it is said to contain.

Carbolic Acid—Two leaveswere immersad in sixty minims of
a solution of 1 gr. to 437 of water; in 7 hrs. one was dlightly,
and in 21 hrs. both were closaly, inflected, with a surprising
amount of mucus secreted. These leaves were washed and |eft
for two days in water; they remained inflected; most of ther
glands became pale, and they ssemed dead. This acid is
poisonous, but does not act nearly so rapidly or powerfully as
might have been expected from its known destructive power on
the lowest organisms. Half-miuims of the same solution were
placed on the discs of three leaves; after 24 hrs. no inflection of the
outer tentacles ensued, and when bits of meat were given them,
they became fairly wdl inflected. Again half-minims of a
"dronga solution, of one part to 218 of water, were placed on the
discs of threeleaves; no inflection of the outer tentacles ensued,;
bits of meat were then given as before; one leaf alone became
wél_ inflected, the discal glands of the' other two appearing
much injured and dry. We thus see that the glands of
the discs, after absorbing this acid, rardy transmit any motor
iImpulse to the outer tentacles, though these, when their own
glands absorb the acid, are strongly acted on.

Lactic Acid.—Three leaveswereimmersad in ninety minims of
one part to437 of water. After 48 m. there was no inflection,
but the surrounding fluid was coloured pink; after 8 hrs.
30 m. one leaf alone was a little inflected, and amogst all
the glands on all three loaves were of a very pale colour.
The leaves were then washed and placed in a solution (1 gr.
to 20 oz.) of phosphate of ammonia; after about 16 hrs. there
was only a trace of inflection. They were left in the phosphate
for 48 hrs, and remained in the same state, with almost all
their glands discoloured. The protoplasm within the céls
was not aggregated, except in a very few tentacles, the glands
of which were not much discoloured. | believe, therefore
that almost all the glands and tentacles had beea killed by
the acid so suddenly that hardly any inflection was caused.
Pour leaves were next immersed in 120 minims of a weaker
solution, of one part to 875 of water; after 2 hrs. 30 m. the
surrounding fluid was quite pink; the glands were pale, but

O
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there was no inflection; after 7 hrs. 30 m. two of the leaves
showed some inflection, and the glands were almogt white;
after 21 hrs. two of the leaves were consderably inflected,
and a third dlightly; most of the glands were white, the others
dark r«d. After 45 hrs. one leaf had almost every tentacle in-
flected ; a second a large number; the third and fourth very few:
almog all the glands were white, excepting those on the discs of
two of the leaves, and many of these were very dark red. The
leaves appeared dead. Hence lactic acid actsin a very peculiar
manner, causing inflection at an extraordinarily dow rate, and
being highly poisonous. Immersion in even weaker solutions,
viz. of one part to 1312 and 1750 of water, apparently killed the
leaves (the tentacles after a time being bowed backwards), and
rendered the glands white, but caused no inflection.

Gallic, Tannic, Tartaric, and Citric Acids—One part to 437 of
water. Three or four leaves were immersed, each in thirty
minims of these four solutions, so that each leaf received * of a
grain, or 4048 mg. No inflection was caused in 24 hrs., and the
leaves did not appear at all injured. Those which had been in
the tannic and tartaric acids were placed in a solution (1 gr. to
20 oz.) of phosphate of ammonia, but no inflection ensued in
24 hrs. On theother hand, the four leaves which bad been in
thecitric acid, when treated with the phosphate, became decidedly
inflected in 50 m. and drongly inflected after 5 hrs, and 0
remained for the next 24 hrs.

Malic Aci'f.—Threeleaveswereimmersed in ninety minims of
a solution of one part to 437 of water; no inflection was caused
in 8 hrs. 20 m., but after 24 hrs. two of them were consderably,
and the third dightly, inflected—more so than could be ac-
counted for by the action of water. No great amount of mucus
was secreted. They wero then placed in water, and after two
days partially re-expanded. Hence this acid is not poisonous.

Oxalic Acid.—T hreeleaveswereimmer sed in ninety minimsof
asolution of 1 gr. to 437 of water; after 2 hrs. 10 m. there was
much inflection; glands pale; the surrounding fluid of a dark
pink colour; after 8 hrs. excessve inflection. The leaves were
then placed in water; after about 16 hrs. the tentacles were of
a very dark red colour, like those of the leaves in acetic acid.
After 24 additional hours, the three leaves were dead and their
glands colourless.

Benzoic Acid—Five leaves were immersed, each in thirty
minims of a solution of 1 gr. to 437 of water. This solution was
so weak that it only just tasted acid, yet, as we shall see, wdi
highly poisonous to Drosera.  After 52 m. the submarginftl
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tentacles were somewhat inflected, and all the glands very pale-
coloured; the surrounding fluid was coloured pink. On one
occasion the-fluid became pink in the course of only 12m., and
the glands as white as if the leaf had been dipped in boiling
water. After 4 hrs. much inflection; but none of the tentacles
were closdly inflected, owing, as | believe, to their having been
paralysed before they had time to complete their movement.
An extraordinary quantity of mucus was secreted. Some of the
leaves were left in the solution; others, after an immersion of
6 hrs. 30 m., were placed in water. Next morning both lots
Ware quite dead; the leaves in the solution being flaccid, those
*n thewater (now coloured yellow) of a pale brown tint, and
their glands white.

JSuccinic Acid—Threeleaveswere immersed in ninety minims
°f a solution of 1 gr. to 437 of water; after 4 hrs. 15 m. consider -
able and after 23 hrs. great inflection; many of the glands
Pale; fluid coloured pink. The leaves were then washed and
placed in water; after two days there was some re-cxpansion
out many of the glands were still white. This acid |s not
Nearly so poisonous as oxalic or benzoic.

Uric Acid—Three leaves were immersed in 180 minims of a
solution of 1 gr. to 875 of warm water, but all the acid was not
glssolved; so that each received nearly -* of a grain. After
«& m. there was some slight inflection, but this never increased,;
after 9 hrs. the glands were not discoloured, nor was the solu-
tion coloured pink; nevertheless much mucus was secreted.
The leaves were then placed in water, and by next morning
fully re-expanded. | doubt whether this acid really causes
inflection, for the slight movement which at first occurred may
have boon due to the presence of atrace of albuminous matter.
“ut it produces some effect, as shown by the secretion of so
Tauch mucus.

Hippuric Acid—Four leaves were immersed in 120 minims of
& solution of 1 gr. to 437 of water. After 2 hrs. the fluid was
coloured pink; glands pale, but no inflection. After 6 hrs. some
inflection; after 9 hrs. all four leaves greatly inflected; much
mucus secreted; all the glands very pale. The leaves were then
left in water for two days; they remained closely inflected,
Yith their glands colourless, and | do not doubt were killed.

Hydrocyanic Acid.—Four leaves were immersed, each in thirty
minims of one part to 437 of water; in 2hrs. 45 m. all the
tentacles were consderably inflected, with many of the glands
Pale; after 3 hrs. 45 m. all strongly inflected, and the surround- -
ing fluid coloured pink; after 6 hrs. all closely inflected. After

02
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an immersion of 8 hrs. 20 m. the leaves were washed and placed
in water; next morning, after about 16 hrs., they were still
inflected and discoloured; on the succeeding day they were
evidently dead. Two leaves were immersed in a stronger
mixture, of one part to fifty of water; in 1 hr. 15 m. the glands
became as white as porcelain, as if they had I>een dipped in boil-
ing water; very few of the tentacles were inflected; but after
4 hrs. almost all were inflected. These leaves were then placed
in water, and next morning were evidently dead. Half-minim
drops of the same strength (viz. one part to fifty of water) were
next placed on the discs of five leaves; after 21 hrs. all the
outer tentacles were inflected, and the leaves appeared much
injured. | likewise touched the secretion round a large number
of glands with minute drops (about * of aminim, or "0029 ml.)
of Scheele's mixture (6 per cent.); the glands first became bright
red, and after 3 hrs. 15 m. about two-thirds of the tentacles
bearing these glands were inflected, and remained so for the two
succeeding days, when they appeared dead.

Concluding Remarks on the Action of Adds—It is
evident that acids have a strong tendency to cause the
inflection of the tentacles; * for out of the twenty-four
acids tried, nineteen thus acted, either rapidly and
energeticaly, or dowly and dlightly. This fact is
remarkable, as the juices of many plants contain more
acid, judging by the taste, than the solutions employed
in my experiments. From the powerful effects of so
many acids on Drosera, we are led to infer that those
naturally contained in the tissues of this plant, as well
as of others, must play some important part in their
economy. Of the five cases in which acids did not
cause the tentacles to be inflected, one is doubtful;
for uric acid did act dlightly, and caused a copious
secretion of mucus. Mere sourness to the taste is no

* According to M. Foumicr Borberis instantly to close; though
(‘Do la Fecondation dans les drops of water have no sucli power,
Phiin¢rogames 1803, p. 61) drops  which latter statement | can con-
of acetic, hydrocyanic, and sul- firm,
phuric acid cause the stamens of
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criterion of the power of an acid on Drosera, as citric
ana tartaric acids are very sour, yet do not excite
inflection. It is remarkable how acids differ in
their power. Thus, hydrochloric acid acts far less
powerfully than hydriodic and many other acids of the
same strength, and is not poisonous. This is an in-
teresting fact, as hydrochloric acid plays so important
% part in the digestive process of animals. Formic
4id induces very slight inflection, and is not poison-
°us; whereas its ally, acetic acid, acts rapidly and
powerfully, and is poisonous. Malic acid acts slightly,
whereas citric and tartaric acids produce no effect.
Lactic acid is poisonous, and is remarkable from in-
ducing inflection onlv after a considerable interval of
time. Nothing surprised me more than that asolution
°f benzoic acid, so wesk as to be hardly acidulous to
“ie taste, should act with great rapidity and be highly
Poisonous;, for | am informed that it produces no
Marked effect on the anima economy. It may be
seen, by looking down the list a the head of this dis-
cusson, that most of the acids are poisonous, often
highly so. Diluted acids are known to induce nega-
tive osmose* and the poisonous action of so many
%ids on Drosera is, perhaps, connected with this
power, for we have seen that the fluids in” which they
were immersed often became pink, and the glands
pale-coloured or white. Many of the poisonous acids,
such as hydriodic, benzoic, hippuric, and carbolic (but
A neglected to record all the cases), caused the secre-
tion of an extraordinary amount of mucus, so that
long ropes of this matter hung from the leaves when
they were lifted out of the solutions. Other acids,
Slch as hydrochloric and malic, have no such ten-

* Miller's' Elements of Chemistry/ part i. 1867, p. 87.
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dency; in these two latter cases the surrounding fluid
was not coloured pink, and the leaves were not
poisoned. On the other hand, propionic acid, which
IS poisonous, does not cause much mucus to be
secreted, yet the surrounding fluid became dightly
pink. Lastly, as in the case of sdine solutions,
leaves, after being immersed in certain acids, were
soon acted on by phosphate of ammonia; on the
other hand, they were not thus afected after immer-
gon in cetain other acids. To this subject, how-

ever, | shal have to recur.
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CHAPTEE IX.
THE EFFECTS OF CERTAIN ALKALOID POISONS, OTHEU SUBSTANCES AND
VAPOURS.

Strychnine, salts of— Quinine, sulphate of, does not soon arrest the
movement of the protoplasm — Other salts of quinine— Digitaline
— Nicotine — Atropine—Vcratrine—Colchicine—Theine—Curare
—M or phia—Hyoscyamus— Poison of the cobra, apparently acce-
lerates the movements of the protoplasm — Camphor, a powerful
stimulant, its vapour narcotic— Certain essential oils excite move-
ment—Glycerine— Water and certain solutions retard or prevent
the subsequent action of phosphate of ammonia— Alcohol inno-
cuous, its vapour narcotic and poisonous— Chloroform, sulphuric
and nitric ether, their stimulant, poisonous, and narcotic power —
Carbonicacid nar cotic, not quickly poisonous—Concluding remarks.

As in the last chapter, | will first give my experiments,
and then a brief summary of the results with some
concluding remarks.

Acetate of Strychnine—Half-minimsof asolution of onepart to
437 of water were placed on the discs of six leaves;, s0 that
each received -* of a grain, or -06/5ing. In 2 hrs. 30 m. the
outer tentacles on some of them were inflected, but in an irregu-
Ja manner, sometimes only on one sde of theleaf. The next
morning, after 22 hrs. 30 m., tho inflection had not increased.
The glands on tho central disc were blackened, and had ceasd
secreting.  After an additional 24 hrs. all the central glands
seemed dead, but the inflected tentacles had re-expanded and
appeared quite healthy. Hence the poisonous action of strych-
nine seems confined to the glands which have absorbed it;
nevertheless, these glands transmit a motor impulse to the
exterior tentacles. Minute drops (about -fa & 2 M™?m)
the samo solution applied to tho glands of the outer tentacles
occasionally caused them to bend. The poison does not seem
to act quickly, for having applied to several glands smilar
drops of a rather stronger solution, of one part to 292 of water,
thisdid not prevent the tentacles bending, when their glands
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were excited, after an interval of a quarter to three quarters of
an hour, by being rubbed or given bitsof meat. Similar drops
of a solution of one part to 218 of water (2 grs. to 1 oz.) quickly
blackened the glands, some few tentacles thus treated moved,
whilst others did not. The latter, however, on being subse-
quently moisgened with saliva or given bits of meat, became
incurved, though with extreme sowness, and this shows that
they had been injured. Stronger polutions (but the strength
was not ascertained) sometimes arrested all power of movement
very quickly; thus bits of meat were placed on the glands of
sveral exterior tentacles, and as soon as they began to move,
minute drops of the strong solution were added. They con-
tinued for a short time to go on bending, and then suddenly
good still; other tentacles on the same leaves, with mesat
on their glands, but not wetted with the strychnine, continued
to bend and soon reached the centre of the legf.

Citrate of Strychnine—Half-minimsof a solution of one part
to 437 of water were placed on the discs of six leaves; after
24 hrs. the outer tentacles showed only a trace of inflection.
Bits of meat were then placed on three of these leaves, but in
24 hrs. only dight and irregular inflection occurred, proving
that the leaves had been greatly injured. Two of the leavesto
which meat had not been given had ther discal glands dry and
much injured. Minute drops of a strong solution of one part to
109 of water (4 grs. to 1 0z.) were added to the secretion round
several glands, but did not produce nearly so plain an effect as
the drops of a much weaker solution of the acetate. Particles of
the dry citrate wore placed on six glands; two of these moved
some way towards the centre, and then stood still, being no
doubt killed; three others curved much farther inwards, and
were then fixed; oné alone reached the centre. Five leaves
were immersad, each in thirty minims of a solution of one part
to 437 of water; 0 that each received V of a grain; after
about 1 hr. some of the outer tentacles became inflected, and
the glands were oddly mottled with black and white. These
glands, in from 4 hrs. to 5 hrs,, became whitish and opaque,
and the protoplagn in the cells of the tentacles was wel aggre-
gated. By this time two of the leaves were greatly inflected,
but tho three others not much more inflected than they were
before Neverthdess two fresh leaves, after an immerdon re-
spectively far 2 hrs. and 4 hrs. in the solution, were not killed;
for on being left for 1 hr. 30 m. in a solution of one part of
carbonate of ammonia to 218 of water, their tentacles became
more inflected, and there was much aggregation. The glands
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of two other leaves, after an immerson for 2 hrs. in a stronger
solution, of one part of the citrate to 218 of water, became of an
opaque, pale pink colour, which before long disappeared, leaving
them white. One of these two leaves had its blade and
tentacles greatly inflected; the other hardly at all; but the
protoplasm in the cells of both was aggregated down to the
bases of the tentacles, with the spherical masses in the céls
close beneath the glands blackened. After 24 hrs. one of these
leaves was colour less, and evidently dead.

Sulphite of Quinine—Some of this salt was added to
water, which is said to dissolve TQW P2t ''® \eight.
Five leaves were immersed, each in thirty minims of this solu-
tion, which tasted bitter. Inlessthan 1 hr. some of them had
a few tentacles inflected. In 3 hrs. most of the glands became
whitish, others dark-coloured, and many oddly mottled. After
6 hrs. two of the leaves had a good many tentacles inflected, but
this very moderate degree of inflection never increased. One of
the leaves was taken out of the solution after 4 hrs., and placed
in water; by the next morning some few of the inflected
tentacles had re-expanded, showing that they were not dead;
but the glands were still much discoloured. Another leaf not
included in the above lot, after an immergon of 3 hrs. 15 m,,
was carefully examined; the protoplasm in the cells of the
outer tentacles, and of the short green ones on the disc, had
become strongly aggregated down to their bases; and | distinctly
saw that the little masses changed their postions and shapes
I'ather rapidly; some coalescing and again separating* | was
surprised at this fact, because quinine is said to arrest all move-
ment i,, the white corpuscles of the blood; but as, according to
Binz* thisisduetother being no longer supplied with oxygen
Ky the red corpuscles, any such arresment of movement could
not be expected in Drosera.  That the glands had absorbed some
°f the salt was evident from their change of colour; but | at
firgt thought that the solution might not have travelled down
the cdls of the tentacles, where the protoplasm was seen in
active movement This view, however, | have no doubt, is
erroneous, for a leaf which had been immersed for 3 hrs. in the
quinine solution was then placed in alittle solution of one part of
carbonate of ammonia to 218 of water; and in 30 m. tho glands
and tho upper cells of tho tentacles became intensely black, with
the protoplasm presenting a very unusual appearance; for it

* Quarterly Journal of Microsoopical Science' April 1874, p. 185.
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had become aggregated into reticulated dingy-coloured masses,
having rounded and angular interspaces. As | have never
seen this effect produced by the carbonate of ammonia alone,
it must be attributed to the previous action of the quinine.
Thesereticulated masses were watched for some time, but did
not change their forms, so that tho protoplasm no doubt had
been killed by the combined action of the two salts, though
exposed to them for only a short time.

Another leaf, after an immersion for 24 hrs. in the quinino
solution, became somewhat flaccid, and the protoplasm in all
the cells was aggregated Many of the aggregated masses were
discoloured, and presented a granular appearance; they were
spherical, or elongated, or still more commonly consisted of
little curved chains of small globules. None of these masses
exhibited the least movement, and no doubt were all dead.

Half-minims of the solution were placed on the discs of six
leaves, after 23 hrs. one had all its tentacles, two had a fen*
and the others none inflected; so that the discal glands, when
irritated by this salt, do not transmit any strong motor impulse
to the outer tentacles. After 48 hrs. the glands on the discs of
all six leaves were evidently much injured or quite killed. It is
clear that this salt is highly poisonous.*

Actfate nf Quinine—Four loaves wereimmersed, each in thirty
minims of a solution of one .part to 437 of water. The solution
was tested with litmus paper, and was not acid. After only
10 in. all four leaves were greatly, and after 6 hrs. immensaly,
inflected. They were then left in water for 60 hrs., but never
re-cxpanded; the glands were white, and the leaves evidently
dead. This salt is far more efficient than the sulphate in
causing inflection, and, like that salt, is highly poisonous.

Nitrate of Quinine—Four leaveswereimmersed, each in thirty
minims of a solution of ono part to 437 of water. After 6 hrs.
thero was hardly a trace of inflection; after 22 hrs. three of the
leaves were moderately, and the fourth dlightly inflected; so
that this salt induces, though rather slowly, well-marked inflec-
tion. These leaves, on being left in water for 48 hrs., aimost

* Binz found several years ago
(as stated iu * The Journal of
Anatomy and Phys.' November
1872, p. 195) that quinia is an
energetic poison to low vege
table and animal organisms. Even
one part added to 4000 parts of
blood arreststhe movementsof tho

" rounded and granular.”

white corpuscles, which become
In the
tentacles of Drosera tho aggre-
gated masses of protoplasm, which
appeared killed by tho quinine,
likewise presented a granular
appearance. A dmilar appear-
ance is caused by very hot water.
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completely re-expanded, but the glands were much discolour ed.
Hence this salt is not poisonous in any high degree. The
different action of the three foregoing salts of quinine is sin-
gular.

Diyitaline—Half-minims of a solution of one part to 437 of
water were placed on the discs of five leaves. In 3 hrs. 45 m.
some of them had ther tentacles, and one had its blade,
moderatdy inflected. After 8 hrs. three of them were well in-
flected; the fourth had only a few tentacles inflected, and the
fifth (an old leaf) was not at all affected. They remained in
nearly the Rame state for two days, but tho glands on their discs
became pale. On the third day the leaves appeared much
injured. Nevertheless, when bits of meat were placed on two
of them, the outer tentacles became inflected. A minute drop
(@bout A of a minim) of tho solution was applied to three
glands, and after 6 hrs. all three tentacles were inflected, but
next day had nearly re-expanded; so that this very small dose
°A Tiritae °f 2 grain (-00225 mg.) acts on a tentacle, but is not
poisonous. It appears from these several facts that digitaline
causes inflection, and poisons the glands which absorb a
moder ately large amount.

Nicotine—Tho secretion round several glands was touched
with a minute drop of the pure fluid, and the glands were
instantly blackened; the tentacles becoming inflected in a few
minutes. Two leaves were immersed in a weak solution of two
drops to 1 oz, or 437 grains, of water. When examined
after 3 hrs. 20 m., only twenty-one tentacles on one leaf were
closdly inflected, and six on the other dightly so; but all the
glands were blackened, or very dark-coloured, with the pro-
toplasm in all the cells of all the tentacles much aggregated
and dark-coloured. The leaves were not quite killed, for on
being placed in a little solution of carbonate of ammonia
(2 grs. to 1 o0z.) a few more tentacles became inflected, the
remainder not being acted on during the next 24 hrs.

Half-minims of a sronger solution (two drops to i oz. of
water) were placed on the discs of six leaves, and in 30 m. all
those tentacles became inflected; the glands of which had
actually touched the solution, as shown by ther blackness;
but hardly any motor influence was transmitted to the outer
tentacles. After 22 hrs. most of the glands on the discs ‘ap-
peared dead; but this could not have been the caso, as when
bits of meat were placed on three of them, some few of tho
outer tentacles wereinflected in 24 hrs. Hence nicotine has a
great tendency to blacken the glands and to induce aggregation
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of the protoplasm, but, except when pure, has very moderate
power of inducing inflection, and still less power of causing
a motor influence to be transmitted from the discal glands to
the outer tentacles. It is moderately poisonous.

Atropine—A. grain was added to 437 grains of water, but
was not all dissolved; another grain was added to 437 grains of
a mixture of one part of acohol to seven parts of water; and
a third solution was made by adding one part of valerianate of
atropino to 437 of water. Half-minims of these three solutions
were placed, in each case, on the discs of six leaves; but no
effect whatever was produced, excepting that the glands on
the discs to which the valerianate was given were dlightly
discoloured. The six leaves on which drops of the solution
of atropine in diluted acohol had been left for 21 hrs.
were given bits of meat, and all became in 24 hrs. fairly wel
inflected; so that atropine does not excite movement, and is
not poisonous. | aso tried in the same manner the akaloid
sold as daturine, which is believed not to differ from atropine,
and it produced no effect. Three of the leaves on which drops
of this latter solution had been left for 24 hrs. were likewise
given bits of meat, and they had in the course of 24 hrs. a good
many of their submarginal tentacles inflected.

Vtrah'ine, Cokhicine, Theine—Solutions were made of these
three alkaloids by adding one part to 437 of water. Half-minims
were placed, in each case, on the discs of at least six leaves, but
no inflection was caused, except perhaps a very slight amount
by the theine. Haf-minims of a strong infuson of tea like-
wise produced, as formerly stated, no effect. | aso tried similar
drops of an infuson of one part of the extract of colchicum, sold
by druggists, to 218 of water; and the leaves were observed for
48 hrs., without any effect being produced. The seven leaves on
which drops of veratrino had been left for 26 hrs. were given
bits of meat, and after 21 hrs. were well inflected. These three
alkaloids arc therefore quite innocuous.

Curare—One part of thisfamous poison was added to 218 of
water, and three leaves were immersed in ninety minims of the
filtered solution. In 3 hrs. 30 m. some of the tentacles were
a little inflected; as was the blade of one, after 4 hrs. After
7 hrs. the glands were wonderfully blackened, showing that
matter of some kind had been absorbed. In 9 hrs. two of the
leaves had most of their tentacles sub-inflected, but the inflec-
tion did not increase in the course of 24 hrs. One of these
leaves, after being immersed for 9 hrs. «in the solution, was
placed in water, and by next morning had largely re-expanded;
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the other two, after their immerson for 24 hrs., were likewise
placed in water, and in 24 hrs. were consderably re-expanded,
though their glands were as black as ever. Half-minims were
placed on the discs of six leaves, and no inflection ensued; but
after three days the glands on the discs appeared rather dry,
yet to my surprise were not blackened. On another occason
drops were placed on the discs of six leaves, and a consderable
amount of inflection was soon caused; but as| had not filtered
the solution, floating particles may have acted on the glands.
After 24 hrs. bits of meat were placed on the discs of three of
these leaves, and next day they became strongly inflected. As |
at first thought that the poison might not have been dissolved
in pure water, one grain was added to 437 grains of a mixture
°f one part of alcohol to seven of water, and half-minims were
placed on the discs of six leaves. These were not at all affected,
and when after a day bits of meat were given them, they were
dightly inflected in 5 hrs,, and closdly after 24 lira. It follows
from these several facts tJiat a solution of curare induces a very
moderate degree of inflection, and this may perhaps be duo to
the presence of a minute quantity of aloumen. It certainly is
not poisonous. The protoplasm in one of the leaves, which had
been immersad for 24 hrs,, and which had become dlightly in-
flected, had undergone a very dlight amount of aggregation—
not more than often ensues from an immersion of this length of
timein water.

Acetate of Morphia.—I tried a great number of experiments
with this substance, but with no certain result. A condderable
number of leaves were immersaed from between 2 hrs. and 6 hrs.
in a solution of one part to 218 of water, and did not become
inflected. Nor were they poisoned; for when they were washed
and placed in weak solutions of phosphate and carbonate of
ammonia, they soon became strongly inflected, with tho pro-
toplasm in the cells woll aggregated. If, however, whilst the
leaves were immersed in the morphia, phosphate of am-
monia was added, inflection did not rapidly ensue. Minute
drops of the solution were applied in the usual manner to the
secretion round between thirty and forty glands, and when,
after an interval of 6 m., bitsof meat, a little saliva, or particles
°f glass, were placed on them, the movement of tho tentacles
was greatly retarded. But on other occasons no such retar-
dation occurred. Drops of water smilarly applied never have
any retarding power. Minute drops of a solution of sugar of
the same strength (one part to 218 of water) sometimes retarded
the subsequent action of meat and of particles of glass, and
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sometimes did not do so. At one time | fet convinced tha
morphia acted as a narcotic on Drosera, but after having foun<
in what a sngular manner immersion in certain non-poisonou
salts and acids prevents the subsequent action of phosphate o*
ammonia, whereas other solutions have no such power, my
first conviction seems very doubtful.

Extract of Jlyoscyamus.—Several leaves were placed, each ir
thirty minims of an infuson of 3 grs. of the extract sold by
druggiststo 1 oz. of water. One of them, after being immersd
for 5 hrs. 15 m., was not inflected, and was then put into a
solution (1 gr. to 1 oz.) of carbonate of ammonia; after 2 hrs.
40 m. it was found consderably inflected, and the glands
much blackened. Four of the leaves, after being immersaed for
2 hrs. 14 m., were placed in 120 minims of a solution (1 gr. to
20 oz.) of phosphate of ammonia; they had already become
dightly inflected from the hyoscyamus, probably owing to the
presence of some albuminous matter, as formerly explained,
but the inflection immediately increased, and after 1 hr. was
srongly pronounced; so that hyoscyamus does not act as a
narcotic or poison.

Poison from, the Fang of a Living Adder.—Minute drops were
placed on the glands of many tentacles, these were quickly
inflected, just asif saliva had been given them. Next morning*
after 17 hrs. 30 m., all were beginning to re-expand, and they
appeared uninjured.

Poison from the Cobra.—Dr. Fayrer, well known from his
investigations on the poison of this deadly snake, was so kind
as to give me some in a dried state. It is an albuminous
substance, and is believed to replace tho ptyaline of saliva* A
minute drop (about *£% of a minim) of a solution of one part to
437" of water was applied to the secretion round four glands;, so
that each recelved only about *-*Q of a grain (‘0016 mg.). The
operation was repeated on four other glands, and in 15 m.
several of the eight tentacles became well inflected, and all of
them in 2 hrs. Next morning, after 24 hrs., they were ill
inflected, and the glands of a very pale pink colour. After an
additional 24 hrs. they were nearly re-expanded, and completely
so on the succeeding day; but most of the glands remained
amost white.

Half-minims of the same solution were placed on the discs of
three leaves, o that each received » of a grain (‘0675 mg.); «*

* Dr. Fayrer,’ The Thanatophidia of India/ 1872, p. 150.
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4 hrs. 15 m. the outer tentacles were much inflected; and after
6 hrs. 30 m. those on two of the leaves were closdly inflected and
the blade of one; the third leaf was only moderatdy affected.
The leaves remained in the same state during the next day,
but after 48 hrs. re-expanded.

Three leaves were now immersed, each in thirty minims of the
solution, so that each received *£$ of a grain, or 4048 mg. In
6 m. there was some inflection, which steadily increased, so that
after 2 hrs. 30 m. all three leaves were closdly inflected; the
glands were at first somewhat darkened, then rendered pale; and
the protoplasm within the cdlls of the tentacles was partially
aggregated. The little masses of protoplasm were examined
after 3 hrs, and again after 7 hrs, and on no other occason
have | seen them undergoing such rapid changes of form.
After 8 hrs. 30 m. the glands had become quite white; they had
not secreted any great quantity of mucus. The leaves were
now placed in water, and after 40 hrs. re-expanded, showing that
they wore not much or at all injured. During their immerson
in water the protoplasm within the cells of the tentacles was
occasonally examined, and always found in strong movement.

Two leaves were next immersed, each in thirty minims of a
much stronger solution, of one part to 109 of water; sothat each
recaved £ of a grain, or 16°2 mg. After 1 hr. 45 m. the sub-
marginal tentacles were strongly inflected, with the glands some-
what palo; after 3 hrs. 30 m. both leaves had all their tentacles
closdly inflected and the glands white. Hence the weaker
solution, as in so many other cases, induced more rapid inflec-
tion than the stronger one; but the glands were sooner rendered
white by the latter. After an immergon of 24 hrs. some of the
tentacles were examined, and the protoplasm, still of a fine
pur ple colour, was found aggregated into chainsof small globular
masses. These changed ther shapes with remarkable quickness.
After an immerson of 48 hrs. they were again examined, and
their movements were so plain that they could easly be seen
under a weak power. The leaves were now placed in water,
and after 24 hrs. (i. e 72 hrs. from their firs immerson) the
little masses of protoplasm, which had become of a dingy purple,
were still in strong movement, changing their shapes, coaleﬂzlng,
and again separating.

In 8 hrs. after these two leaves had been placed in water (i. e.
in 56 hrs. after their immergon in the solution) they began to
reexpand, and by the next morning were more expanded.
After an additional day (i. e on the fourth day after their immer-
son in the solution) they were largdy, but not quite fully
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expanded. The tentacles were now examined, and the aggregated
masses were aimost wholly redissolved; the cells being filled with
homogeneous purplo fluid, with the exception here and there of
a single globular mass. We thus see how completely the proto-
plasm had escaped all injury from the poison. Asthe glands
were soon rendered quite white, it occurred to me that their
texture might have been modified in such a manner as to
prevent the poison passing into the cells beneath, and conse-
quently that the protoplasm within these cells had not been at
all affected. Accordingly | placed another leaf, which had been
immersed for 48 hrs. in the poison and afterwards for 24 hrs. in
water, in a little solution of one part of carbonate of ammonia
to 218 of water; in 30 m. the protoplasm in the cells beneath
the glands became darker, and in the course of 24 hrs. the
tentacles were filled down to their bases with dark-coloured
spherical masses. Hence the glands had not lost their
power of absorption, as far as the carbonate of ammonia is
concerned.

From these facts it is manifest that the poison of the cobra,
though so deadly to animals, isnot at all poisonous to Droser a;
yet it causes strong and rapid inflection of the tentacles, and
soon discharges all colour from the glands. It seems even to act
as a simulant to tho protoplasm, for after condderable expe-
rience in observing the movements of this substance in Drosera,
| have never seen it on any other occason in so active a state. |
was therefore anxious to learn how this poison affected animal
protoplasm; and Dr. Fayrer was so kind as to make some obser -
vations for me, which ho has since published.* Ciliated epi-
thelium from the mouth of a frog was placed in a solution of
*03 gramme to 4*6 cubic cm. of water; others being placed
at the same time in pure water for comparison. Tho move-
ments of the cilia in the solution seemed at firgt increased,
but soon languished, and after between 15 and 20 minutes
ceased; whilst those in tho water were still acting vigoroudly.
The white corpuscles of the blood of a frog, and the cilia on two
infusorial animals, a Parainzecum and Volvox, were smilarly
affected by the poison. Dr. Fayrer also found that the muscle
of a frog lost its irritability after an immerson of 20 m. in
the solution, not then responding to a strong eectrical current.
On the other hand, the movements of the cilia on the mant|e of
an Unio were not always arrested, even when left for a consider-

* * Proceedings of Roval Society,' Feb. 18, 1875.
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able time in a very strong solution.  On the whole, it seems
that the poison of the cobra acts far more injuriously on the
protoplasm of the higher animals than on that of Drosera.

Thereis one other point which may be noticed. | have occa-
sonally observed that the drops of secretion round the glands
were rendered somewhat turbid by certain solutions, and more
specially by some acids, a film being formed on the surfaces of
the drops; but | never saw this effect produced in so con-
spicuous a manner as by the cobra poison. When the stronger
solution was employed, the drops appeared in 10 m. like little
white rounded clouds. After 48 hrs. the secretion was changed
into threads and sheets of a membranous substance, including
minute granules of various sizes.

Camphor.—Some scraped camphor wasleft for aday in abottle
W|th distilled water, and then filtered. A solution thus madeis
flaid to contain nfej of its weight of camphor; it smelt and
tasted of this substance. Ten leaves were immersed in this
solution; after 15 m. five of them were well inflected, two
showing a first trace of movement in 11 m. and 12 m.; the
sixth loaf did not begin to move until 15 m. had elapsed, but
Weas fairly well inflected in 17 m. and quite closed in 24 m.; the
seventh began to move in 17 m.,'and was completely shut in
26 m. The eighth, ninth, and tenth leaves were ohl and of
a very dark red colour, and these were not inflected after an
immersion of 24 hrs.; so that in making experiments with
camphor it is necessary to avoid such leaves. Some of these
leaves, on being left in the solution for 4 hrs, became of a
rather dingy pink colour, and secreted much mucus; although
their tentacles were closely inflected, the protoplasm within the
cellswas not at all aggregated. On another occasion, however,
fter a longer immersion of 24 hrs,, there was well marked
Agregation. A solution made by addmg two drops of campho-
rated spirits to an ounce of water did not act on one leaf;
whereas thirty minims added to an ounce of water acted on two
leaves immersed together.

M. Voge has shown* that the flowersof various plants do not
wither so soon when their stems are placed in a solution of cam-
Phor as when in water; and that if already dightly withered,.
they recover more quickly. The germination of certain seeds is
also accdlerated by the solution. So that camphor acts as a
simulant, and it is the only known stimulant for pinnto. 1

e

* | Gardene'B Chronidle 1874, p. C7L Nearly smilar observations
W9 made in 1798 by B. S. Barton.
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wished, therefore, to ascertain whether camphor would render the
leaves of Drosera more sensitive to mechanical irritation than
they naturally arc. Six leaves wore left in distilled water for
5 m. or 6m., and then gently brushed twice or thrice, whilst still
under water, with a soft camel-hair brush; but no movement
ensued. Nine leaves, which had been immersed in the above
solution of camphor for the times stated in the following
table, were next brushed only once with the same brush and in
the same manner as before; the results are given in the table.
My first trials were made by brushing the leaves whilst still
immersed in the solution; but it occurred to me that the viscid
secretion round the glands would thus be removed, and the
camphor might act more effectually on them. In all the
following trials, therefore, each leaf was taken out of the solu-
tion, waved for about 15 s. in water, then placed in fresh water
and brushed, so that the brushing would not allow the freer
access of the camphor; but this treatment made no difference
in the results.

o T_Len%th of
I ime between
é ml;ne"ne?;h():fm! Length of Time between* the Act of Brushing E’?Erl‘énslgg-gg]n
: the Solution
: the Solution and the Inflection of the Tentacles. and the First
A of Camphor. Sign of the
E Inflection of the
55 Tentacles.
f3 m. considerableinflection; 4 m. all)
1 |5m \ thetentaclesexcept 3or 4inflected./ 8 1
2 {t5m. 18 m. first sign of inflection. 11 111
. /G in. 30 s. slight inflection; 7m. 303\ ;
3 {5in { plain inflection. 11 ni.30s.
, (21in. 30 s. atrace of inflection; 3 m. | .
4 : 4m.30s. \ plain; 4in. strongly mar ked. o
. '12m. 30 s. atrace of inflection; 3in.
no4m .\ plain inflection. } 6m.30s.
12 m. 30s. decided inflection; 3m. 30s. 1
0  4m. \ strongly marked. jp Gm.30*.
12 in. 30 s. dlight inflection; 3 m.
7 X 4m. N plain; 4 m. well marked. } Gm.30s
8 i am (2 m. trace of inflection; 3 m. con- 5 i
' \ siderable, 6 m. strong inflection. n.
9 13 {2 m. trace of inflection; 3 m. con-{{ . .
m. - il sderablé* G m. strong inflection. } > .

Other leaves were left in the solution without being brushed;
one of these first showed a trace of inflection after 11 m.; a
second after 12 m.; five were not inflected until 15 m. had
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¥lapsed, and two not until a few minutes later. On the other
hand, it will be seen in the right-hand, column of the table that
niost of the leaves subjected to the solution, and which wero
brushed, became inflected in a much shorter time. The move-
ment of the tentacles of some of these leaves was so rapid that
*t could beplainly seen through a very weak lens.

. Two or three other experiments are worth giving. A large
°ld loaf, after being immersed for 10 m. in tho solution, did not
appear likely to be soon inflected; so | brushed it, and in 2 m.
it began to move, and in 3 m. was completely shut. Another
loaf, after an immersion of 15 m., showed no signs of inflection,
0 \was brushed, and in 4 m. was grandly inflected. A third lesf,
after an immerson of 17 m., likewise showed no signs of in-
flection; it was then brushed, but did not move for 1 hr.; so
that here was a failure. It was again brushed, and now in
9 m. a few tentacles became inflected; the failure therefore was
Not complete.

We, a2y conclude that a small dose of camphor in solutionisa
powerful stimulant to Droscra. It not only soon excites the ten-
tacles to bend, but apparently renders the glands sensitivo to a
touch, which by itself does not cause any movement. Or it may
** that a slight mechanical irritation not enough to cause any
~flection yet gives some tendency to movement, and thus
reinforces the action of the camphor. This latter "viev would
have appeared to me the more probable one, had it not been
shown by M. Vogel that camphor is astlmulant in other waysto
Various plants and seeds.

. Two plants bearing four or five leaves, and with their roots
J" a little cup of water, were exposed to the Taponr of some

®Its of camphor (about as largo as a filbert-nut), under a
'<*sol holding ten fluid ounces. After 10 lirs. no inflection
frL "> kut the glands appeared to bo secreting more copiously.
Jno loaves were in a narcotised condition, for on bits of meat
being placed on two of them, there was no inflection in 3 hrs.
*>m, and even after 13 hrs. 15 m. only a few of the outer
tentacles were glightly inflected; but this degree of movement
snows that the leaves had not been killed by an exposure
durmg 10 hrs. to the vapour of camphor.

W of Caraway.—Water is said to dissolve about a thou%\ndth
Part of its weight of thisoil. A drop was added to an ounce
‘:_f water and tho bottle occasionally shaken during a day;
«ut many minute globules remained undissolved. Five leavos
wero immersed in this mixture; in from 4 m. to 5 m. there was
80mo jnflection, which becamo moderately pronounced in two or

p 2
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three additional minutes. After 14 m. all five leaves were well,
and some of them closaly, inflected. After 6 hrs. the glandswere
white, and much mucus had been secreted. The leaveswere
now flaccid, of a peculiar dull-red colour, and evidently dead-
One of the leaves, after an immerson of 4 m., wasbrushed, likethe
leaves in the camphor, but this produced no effect. A plant
with itsrootsin water was exposed under a 10-0z. vessd to the
vapour of thisoil, and in 1 hr. 20 m. one leaf showed a trace of
inflection. After 5 hrs. 20 m. the cover was taken off and the
leaves examined; one had all its tentacles closaly inflected,
the second about half in the same state; and the third all snb-
inflectod. The plant was left in the open air for 42 hrs.,, but not
a single tentacle expanded; all the glands appeared dead, except
hero and there one, which was still secreting. It is evident
that this ail is highly exciting and poisonous to Drosera.

Oil of Gloves—A mixturewasmade in the same manner asin
thelast case, and three leaves were immersed in it. After 30 m,
therewas only a trace of inflection which never increased. After
1 hr. 30 m. the glands wore pale, and after 6 hrs. white. No
doubt the leaveswere much injured or killed.

Turpentine—Small drops placed on the discs of some leaves
Killed them, as did likewise drops of *creosote A plant was |eft
for 15 m. under a 12-oz. vossd, with its inner surface wetted
with twelve drops of turpentine; but no movement of the ten-
taclesensued. After 24 hrs. the plant was dead.

Glycerine—Half-minims were placed on the discs of three
leaves. in 2 hrs. some of the outer tentacles were irregularly
inflected; and in 19 hrs. the leaves were flaccid and apparently
dead; the glands which had touched the glycerine were colour-
less. Minute drops (about £5 of a minim) were applied to the
glands of several tentacles, and in a few minutes these moved
and soon reached the centre.  Smilar drops of a mixture
of four dropped drops to 1l oz. of water were likewise applied
to saveral glands; but only a few of the tentacles moved, and
these very dowly and dightly. Half-minims of this same mix-
tureplaced on the discs of some leavescaused, to my surprise, no
inflection in the course of 48 hrs." Bits of meat were thon given
them, and next day they were wdl inflected; notwithstanding
that some of the discal glands had been rendered almost colour-
less. Two leaves wereimmersed in the same mixture, but only
for 4 hrs.; they were not inflected, and on being afterwards
loft for 2 hrs. 30 m. in a solution (1 gr. to 1 oz.) of carbonate of
ammonia, their glands were blackened, their tentacles inflected,
and the protoplasm within their cells aggregated. It appears
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from these facts that a mixture of four drops of glycerine to
an ounce of water is not poisonous, and excites very little in-
flection ; but that pure glycerine is poisonous, and if applied
HI very minute quantities to the glands of the outer tentacles
causes their inflection.

J-he Effects of Immersion in Water and in various Solutions on
the subsequent Action of Phosphate and Carbonate of Ammonia.—
Wo have seen in the third and seventh chapters that immersion
m distilled water causes after a time some degree of aggregation
°f the protoplasm, and a moderate amount of inflection, espe-
cialy in the case of plants which have been kept at a rather
high temperature. Water does not excite a copious secretion
Jf mucus. Wo have hero to consider tho effects of immersion
lu various fluids on tho subsequent action of salts of ammonia
and other stimulants. Four leaves which had been left for
24 hrs. in water were given bits of moat, but did not clasp them.
Ten leaves, after a similar immersion, were left for 24 hrs. in
a powerful solution (1 gr. to 20 oz.) of phosphate of ammonia,
and only one showed oven a trace of inflection. Three of
these leaves, on being left for an additional day in the solution,
still remained quite unaffected. Whon, however, some of theao
leaves, which had been first immersed in water for 24 hrs., and
then in the phosphate for 24 hrs. were placed in a solution of
carbonate of ammonia (one part to 218 of water), the pro-
toplasm in the cells of the tentacles became in a fev hours
strongly aggregated, showing that this salt had been absorbed
and taken effect.

A short immersion in water for 20 m. did not retard the sub-
sequent action of tho phosphate, or of splinters of glass placed
on the glands; but in two instances an immersion for 50 m. pre-
vented any effect from a solution of camphor. Several leaves
which had been left for 20 m. in a solution of one part of white
sugar to 218 of water woro placed in tho phosphate solution,
the action of which was delayed; whereas a mixed solution of
sugar and the phosphate did not in the least interfere with the
effects of tho latter. Throe leaves, after beingimmersed for 20 m.
in the sugar solution, were' placed in a solution of carbonate of
ammonia (one part to 218 of water); in 2 m. or 3 m. the glands
were blackened, and after 7 m. tho tentacles wcro considerably
inflected, so that the solution of sugar, though it delayed- tho
action of tho phosphate, did not delay that of tho carbonate.
Immersion in a similar solution of gum arabic for 20 m. had no
retarding action on tho phosphate. Three loavos were left for
20 m. in a mixture of one part of alcohol to seven parts of water,
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and then placed in the phosphate solution : in 2 hrs. 15 m. there
was a trace of inflection in one leaf, and in 5 hrs. 30 in. a second
was slightly affected; tho Inflection subsequently increased,
though slowly. Hence diluted alcohol, which, as we shall see, is
hardly at all poisonous, plainly retards tho subsequent action of
the phosphate.

It was shown in the last chapter that leaves which did not
become inflected by nearly a day's immersion in solutions of
various salts and acids behaved very differently from one an-
other when subsequently placed in the phosphate solution. |
here give a table summing up the results.

Period of

Immersion | Effects produced on the Leaves by their subse-
of the uent Immersion for stated periods in a
Name of the Saltsand | Leaves In lution of one part of phosphnte of
Acids in Solution. Solutions ammonia to 8750 of water, or 1 gr. to
of one part 20 oz.
to 437 of
water.

Rubidium chloride .j 22 hrs. | After 30 m. strong inflection of the

tentacles.
Potassium carbonatg 20 m. | Scarcely any inflection until 5 lira
had elapsed.
Calcium acetate .{ 21 hrs. | After 24 hrs. very slight inflection.
Calcium nitrate. .} 24 hrs Do. do.

Magnesium acetate.| 22 hrs. | Some slight inflection, which became
well pronounced in 24 hrs.
Magnesium nitrate.] 22 hrs. | After 4 hrs. 30 m. a fair amount of
inflection, which never increased.
Magnesium chloridgl 22 hrs. | After a few minutes great inflection;
after 4lire, all four leaveswith almost
every tentacle closely inflected.
Barium acetate . .| 22 hrs. | After 24 hrs. two leaves out of four
_ _ nligiitly inflected.

Barium nitrate . .| 22 hrs. | After 30 m. one leaf greatly, and two
others moderately, inflected; they
_ remained thus for 24 hrs.
Strontium acetate .| 22 hrs. | After 25 m. two leaves greatly in-
flected; after 8 hrs. a third leaf
moderately, and the fourth very
dlightly, inflected. All four thus
remained for 24 hrs.

Strontium nitrate .| 22 hrs. | After 8 hrs. three leaves out of five
moder ately inflected; after 24 hrs.
all five in this state; but not one
closely inflected.

Aluminium chloridg 21 hrs. | Three leaves which had either been
slightly or not at all affected by the
chloride became after 7 hrs. 30 m.
i rather closaly inflected.
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———

Period of
Immersionf Effects produced on the Leaves by their sub-
of thee sequent Immersion for stated periodsin a
Name or the Saltsnnd | Leaves in Solution of one p.irt of phosphate of
Acids in Solution. Solutions ammonia to «750 of water, or 1 gr. to
of one part 20 oz.
to 437 of

water.

Aluminium nitrate.| 24 hrs. | After 25hrs. slight and doubtful dtva. -

Lead chloride . .| 28 hrs, | After 24 hrs. two leaves somewhat
inflected, the third vory little; and

. thus remained.
Manganese chloride| 22 hrs, | After 48 hrs. not the least inflection.
Lacticacid . . .| 48 hra, | After 24 hrs. atrace of inflection in

a few tentacles, the glands of
which had not been killed by the

acid.
Tamnicucid. . .| 24 s, | After 24 hrs. no inflection,
euirtaricucid . .| 24 hiw, Do. do.
Citricacid . . .| 24 hrs, | After 50 m. tentacles decidedly in-

flected, and after 5 hrs. strongly
inflected; so remained for the next
24 hrs.

Formicaci<l. . ,22hrs. | Notobserved until 24 hrs. had elapsed;
tentacles consderably inflected, and
protoplasm aggregated.

. Inalarge mgjority of these twenty cases, a varying degree of
inflection was dowly caused by the phosphate. In four cases,
however, tho inflection was rapid, occurring in less than half an
hour or at most in 50 m. In three cases the phosphate did not
produce the least effect. Now what are we to infer from these
facts? Wo know from ten trials that immersion in distilled
water for 24 hrs. prevents the subsequent action of the phos
phate solution. It would, therefore, appear as if tho solutions of
chloride of manganese, tannic and tartaric acids, which are not
poisonous, acted exactly like water, for the phosphate produced
no effect on the leaves which had been previoudy immersed
in these three solutions. The majority of the other solutions
behaved to a certain extent like water, for the phosphate pro-
duced, after a consderable interval of time, only a slight effect.
On tho other hand, the leaves which had been immersed in the
solutions of the chloride of rubidium and magnesum, of acetate
of strontium, nitrate of barium, and citric acid, wcro quickly
acted on by tho phosphate. Now was water absorbed from these
five weak solutions, and yet, owing to tho presence of tho salts,
did not prevent the subsequent action of the phosphate? Or
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may we not suppose* that the interstices of the walls of
the glands were blocked up with the molecules of these five
substances, so that they were rendered impermeable to water;
for had water entered, wo know from the ten trials that the
phosphate would not afterwards have produced any effect ? It
further appears that the molecules of the carbonate of ammonia
can quickly passinto glands which, from having been immer sed
for 20 m. in a'weak solution of sugar, ether absorb the phos
phate very dowly or are acted on by it very dowly. On the
other hand, glands, however they may have been treated, seem
eadly to permit the subsequent entrance of the molecules of
carbonate of ammonia. Thus leaves which had been immersed
in a solution (of one part to 437 of water) of nitrato of potas
sum for 48 his—of sulphate of potassum for 24 hrs—and of
the chloride of potassum for 25 hrs—on being placed in a
solution of one part of carbonate of ammonia to 218 of water,
had ther glands immediately blackened, and after 1 hr. ther
tentacles somewhat inflected, and the protoplasm aggregated.
But it would be an endless task to endeavour to ascertain
the wonderfully diversfied effects of various solutions on
Drosera

Alcohol (onepart to seven of water).—It hasalready been shown
that half-minims of this strength placed on the discs of leaves
do not cause any inflection; and that when two days afterwards
the leaves were given bits of meat, they became strongly in-
flected. Four leaves were immersed in this mixture, and two of
them after 30 m. were brushed with a camd-hair brush, like the
leaves in the solution of camphor, but this produced no effect.

* Sco Dr. M. Traube's curious By allowing a precipitation ol

experiments on the production of
artificial cells, ami on their per-
meability to various salts, de-
scribed in his papers. “Experi-
mente zur Theorie der Zullcnbil-
<lung und Kndosinose" Brcsktn,
18G0; and " Experiment© zur
physicalischcn Erklarung der Bil-
<lung der Zellhaut, ihres Wachs-
thums durch Intussusception,”
Uivdliiu, 1874. These researches
perhaps explain my results. Dr.
Trdubo commonly employed as a
membrano the prccipituto formed
whou tanuio acid comes into con-
tact with a solution of gelatine.

sulphate of barium to take place

-at the Bame time, the membrane

becomes "infiltrated" with this
salt; and in consequence of the
intercalation of molecules of sul-
phate of barium among those of
the gelatine precipitate, the mole-
cular interstices in the membrano
are made smaller. In this altered
condition, themembraneno longer
allows the passage through it of
either sulphate of ammonia or
nitrate of barium, though it re
tains its permeability for water
and chloride of ammonia.
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Nor gid these four leaves, on being left for 24 brs. in the diluted
alcohol, undergo any inflection. They were then removed; one
being placed in an infuson of raw meat, and bits of meat on
the discs of the other three, with their stalks in water. Next
day one seemed a little injured, whilst tAvo othersshowed merely
a trace of inflection. We must, howover, bear in mind that
immergon for 24 hrs. in water prevents leaves from clasping
nieat. Hence alcohal of the above strength is not poisonous, nor
does it stimulate the loaves like camphor does.

Tho vapour of alcohol acts differently. A plant having three
good leaves was left for 25 m. under a recever holding 19 oz.
"With sixty minims of alcohol in a watch-glass. No movement
ensued, but somo few of the glands were blackened and
Bliriveled, whilst many became quite pale. These wore scattered
°vor al the leaves in the most irregular manner, reminding mo
°f the manner in which the glands were affected by the vapour
°f carbonate of ammonia. Immediately on the removal of the
recaiver particles of raw meat wereplaced on many of theglands,
those which retained their proper colour being chiefly selected.
Eut not a single tentacle was inflected during the next 4 hrs.
After the first 2 hrs. the glands on all tho tentacles began to
dry; and next morning, after 22 hrs,, all three leaves appeared
amost dead, with ther glands dry; the tentacles on one leaf
alone being partially inflected.

A second plant was left for only 5 m. with some alcohal in a
watch-glass, under a 12-o0z. recelver, and particles of meat were
then placed on the glands of several tentacles. After 10 m.
some of them began to curve inwards, and after 55 m. nearly
all were consgderably inflected; but afew did not move. Some
anaesthethic efect is here probable, but by no means certain.
A third plant was also left for 5 m. under the same small vessd,
with its whole inner surface wetted with about a dozen drops of
alcohol. Particles of meat were now placed on tho glands of
several tentacles, some of which first began to movein 25m.;
after 40 m. mogt of them were somewhat inflected, and after
1 hr. 10 m. amos all were condderably inflected. From ther
dow rate of movement there can bo no doubt that tho glands of
these tentacles had been rendered insensble for a time by
exposure during 5 m. to tho vapour of alcohal.

Vapour of Chloroform.—The action of thisvapour on Droscra
Isvery variable, depending, | suppose, on the constitution or ago
of tho plant, or on somo unknown condition. It sometimes
causes tho tentacles to move with extraordinary rapidity, and
sometimes produces no such effect. The glands are sometimes



218 DROSERA ROTTJINDIFOLIA. CHAP. | X.

rendered for a time insensible to the action of raw meat, but
sometimes are not thus affected, or in a very dight degree. A
plant recovers from a small dose, but is eadly killed by a larger
one.

A plant was left for 30 m. under a bdl-glass holding
19 fluid oz. (539-6 ml.) with eight drops of chloroform, and
before the cover was removed, most of the tentacles became
much inflected, though they did not reach the centre. After
the cover was removed, bits of meat were placed on the glands
of saveral of the somewhat incurved tentacles, these glands
were found much blackened after 6 hrs. 30 m., but no further
movement ensued. After 24 hrs. the leaves appeared almogt
dead. ‘

A smaller bell-glass, holding 12 fluid oz. (340*8 nil.), was now
employed, and a plant was left for 90 s. under it, with only
two drops of chloroform. Immediately on the removal of the
glass all the tentacles curved inwards so as to stand perpen-
dicularly up; and some of them could actually be seen moving
with extraordinary quickness by little starts, and therefore in
an unnatural manner; but they never reached the centre
After 22 hrs. they fully re-expanded, and on meat being placed
on their glands, or when roughly touched by a needle, they
promptly became inflected; so that these leaves had not been
in the least injured.

Anocther plant was placed under the same small bel-glass
with three drops of chloroform, and before two minutes had
elapsed, the tentacles began to curl inwards with rapid little
jerks. The glass was then removed, and in the course of two
or three additional minutes almost every tentacle reached the
centre. On several other occasons the vapour did not excite
any movement of this kind.

There seems also to be great variability in the degrco and
manner in which chloroform renders the glandsinsensible to the
subsequent action of meat. In the plant last referred to, which
had been exposed for 2 m. to three dropsof chloroform, some
few tentacles curved up only to a perpendicular postion, and
particles of meat were placed on ther glands; this caused
them in 5 m. to begin moving, but they moved so dowly that
they did not reach the centre until 1 hr. 30 m. had eapsed.
Anocther plant was smilarly exposed, that is, for 2 m. to three
drops of chloroform, and on particles of meat being placed on
the glands of several tentacles, which had curved tip into a
perpendicular position, one of theso began to bend in 8 m., but
afterwards moved very slowly; whilst noneof the other tentacles
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naovod for the next 40 m. Nevertheless, in 1 hr. 45 m. from the
time when tho bits of meat had been given, all the tentacles
reached the centre. In this case some slight anaesthetic effect
apparently had been produced. On the following day the plant
"ad perfectly recovered.

. Ancther plant bearing two leaves was exposed for 2 m. under
the 19-0z. vessel to two drops of chloroform; it was then taken
°ut and examined; again exposed for 2 m. to two drops;
taken out, and re-exposed for 3 m. to three drops, so that
gltogether it was exposed alternately to the air and during
* m. to the vapour of seven dropsof chloroform. Bits of meat
Were now placed on thirteen glands on the two leaves. On one
°f these leaves, a single tentacle first began moving in 40 m.,
and two others in 54 m. On tho second leaf some tentacles
»st moved in 1 hr. 11 m. After 2 hrs. many tentacles on both
loaves were inflected; but none had reached the centre within
thistime. In this case there could not be the least doubt that
the chloroform had exerted an anaesthetic influence on the
leaves.

On the other hand, another plant was exposed under the same
vessel for a much longer time, viz. 20 m., to twice as much
chloroform. Bits of meat were then placed on the glands of
many tentacles, and all of them, with a single exception, reached
"lo centre in from 13 m. to 14 m. In this case, little or no
anaesthetic effect had been produced; and how to reconcile
these discordant results, | know not.

Vujjonr of Sulphuric Ether.—A plant was exposed for 30 m. to
thirty minims of this ether in a vessel holding 19 oz.; and bits
of raw meat were afterwards placed on many glands which had
become pale-coloured : but none of the tentacles moved. After
C hrs. 30 m. the leaves appeared sickly, and the discal glands
Were aimost dry. By the next morning mauy of tho tentacles
Were dead, as were all those on which meat had been placed:;
showing that matter had been absorbed from the meat which
had increased the evil effects of the vapour. After four days
the plant itself died. Another plant was exposed in the same
vessel for 15 m. to forty minims. One young, small, and
tender leaf had all its tentacles inflected, and seemed much
injured. Bits of raw meat were placed on several glands on
two other and older leaves. These glands became dry after
9 hrs.,, and seemed injured; the tentacles never moved, except-
ing onewas ultimately a little inflected. The glands of which
the other tentacles continued to secrete, and appeared uninjured,
h®the whole plant after three days became very sickly.
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In the two foregoing experiments the doses were evidently too
large and poisonous. With weaker doses, the anaesthetic effect
wasvariable, asin the case of chloroform. A plant was exposed
for 5m. to ten drops under a 12-oz. vessdl, and bits of meat were
then placed on many glands. None of the tentacles thus treated
began to movein a decided manner until 40 m. had elapsed; but
then some of them moved very quickly, so that two reached the
centre after an additional interval of only 10m. In 2 hrs. 12 m.
from the time when the meat was given, all the tentaclesreached
the centre. Ancther plant, with two leaves, was exposed in the
same vessd for 5 m. to a rather larger dose of ether, and bits of
meat were placed on saveral glands. In this case one tentacle
on each leaf began to bend in 5m.; and after 12 m.two tentacles
on one leaf, and one on the second leef, reached the centre. In
30 m. after the meat had been given, all the tentacles, both those
with and without meat, were closdy inflected ; so that the ether
apparently had stimulated these leaves, causing all the tentacles
to bend.

Vapour of Nitric Ether.—T hisvapour seemsmoreinjuriousthan
that of sulphuric ether. A plant was exposed for 5m. in a 12-
0z. vessdl to eight drops in a watoh-glass, and | distinctly saw a
few tentacles curling inwards before the glass was removed.
Immediately afterwards bits of meat were placed on three
glands, but no movement ensued in the course of 18 m. The
same plant was placed again under the same vessd for 16 m.
with ten drops of the ether. None of the tentacles moved,
and next morning those with the meat were ill in the same
pogtion. After 48 hrs. one leaf seemed healthy, but the others
were much injured.

Ancther plant, having two good leaves, was exposed for 6 m.
under a 19-0z. vessdl to the vapour from ten minims of the
ether, and bits of meat were then placed on the glands of many
tentacles on both leaves. After 36 m. several of them on one
leaf became inflected, and after 1 hr. aimost all the tentacles,
those with and without meat, nearly reached the centre. On
the other leaf the glands began to dry in 1 hr. 40 m., and after
several hours not a single tentacle was inflected; but by the
next morning, after 21 hrs.,, many were inflected, though they
seemed much injured. In this and the previous experiment,
it is doubtful, owing to the injury which the leaveshad suffered,
whether any anaesthetic effect had been produced.

A third plant, having two good leaves, was exposed for only
4 m. in the 19-0z. vessdl to the vapour from six drops. Bits of
meat were then placed on the glands of seven tentacles on the
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same leaf. A single tentacle moved after 1 hr. 23 m.; after

2 krs. 3m. several were inflected; and after 3 hrs. 3 m. all the
seven tentacles with meat were well inflected. From the dow-

ness of these movements it is clear that this leaf had been

rendered insengible for a time to the action of the meat. A

second leaf was rather differently affected; bits of meat were
placed on the glands of five tentacles, three of which were
dightly inflected in 28 m.; after 1 hr. 21 m. one reached the
pentre, but the other two were still only dightly inflected; after

8 hrs. they were much more inflected; but even after 5 hrs,
16 m. all five had not reached the centre. Although some of

the tentacles began to move moderatey soon, they afterwards
moved with extreme downess. By next morning, after 20 hrs,

niost of the tentacles on both leaves were closdy inflected, but

not quite regularly. After 48 brs. neither leaf appeared injured,

though the tentacles were still inflected; after 72 hrs. one
was almost dead, whilst the other was re-expanding and

recovering.

Carbonic Acid.—A plant was placed under a 122-o0z. bell-glass
filled with this gas and standing over water; but | did not make
aufficient allowance for the absorption of the gas by the water,
so that towards the latter part of the experiment some air was
drawn in. After an exposure of 2 hrs. the plant was removed,
and bits of raw meat placed on the glands of three leaves. One of
theseleaves hung a little down, and was at first partly and soon
afterwards completely covered by the water, which rose within
the vessel as the gas was absorbed. On this latter leaf the
tentacles, to which meat had been given, became well inflected
in 2m. 30 s, that is, at about the normal rate; so that until
| remembered that the leaf had been protected from the gas,
and might perhaps have absorbed oxygen from the water
which was continually drawn inwards, | falsely concluded that
the carbonic acid had produced no effect. On the other two
leaves, the tentacles with meat behaved very differently from
those on the first leaf; two of them first began to move dightly
in 1 hr. 50 m., always reckoning from the time when the meat,
was placed on the glands—were plainly inflected in 2 hrs.
22 m—and in 3 hrs. 22 m. reached tho centre. Three other
tentacles did not begin to move until 2 hrs. 20 m. had dapsed,
but reached the centre at about the same time with the others,
viz.in 3 hrs. 22 m.

This experiment was repeated several times with nearly the
same results, excepting that the interval before the tentacles
began to move varied a little. .1 will give only one other case.
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A pknt was exposed in the same vessel to the gas for 45 m., and
bits of meat were then placed on four glands. But the ten-
tacles did not move for 1 hr. 40 m.; after 2 hrs. 30 m. all four
were well inflected, and after 3 hrs. reached the coutre.

The following singular phenomenon sometimes, but by no
means always, occurred. A plant was immersed for 2 hrs., and
bits of meat wcro then placed on several glands. In the course
of 13 m. all the submarginal tentacles on one leaf became con-
siderably inflected; those with the meat not in the least degree
.more than the others. On a second leaf, which was rather
old, the tontacles with moat, as well as a few others, wcro
moderately inflected. On a third leaf all the tentacles were
closely inflected, though meat had not been placed on any of
the glands. This movement, | presume, may bo attributed to
excitement from the absorption of oxygen. The last-mentioned
leaf, to which no meat had been given, was fully re-expanded
after 24 hrs.; whereas the two other leaves had all their ten-
tacles closely inflected over the bits of meat which by this time
had been carried to their centres. Thus thfco three leaves
had perfectly recovered from the effects of the gasin the course
of 24 hrs.

On another occasion some fine plants, after having been left
for 2 hrs. in the gas, were immediately given bits of meat in the
usual manner, and on their exposure to the air most of their
tentacles became in 12 m. curved into a vertical or sub-vertical
position, but in an extremely irregular manner; someonly on one
side of the leaf and somo on tho other. They remained in this
position for some time; the tentacles with the bits of meat not
having at first moved' more quickly or farther inwards than the
others without meat. But after 2 hrs. 20 m. tho former began
to move, and steadily went on bending until they reached tho
centre. Next morning, after 22 hrs.,, all tho tentacles on these
leaves were closely clasped over tho meat which had been carried
to their centres; whilst the vertical and sub-vertical tentacles on
the other leaves to which no meat had been given had fully
re-expanded. Judging, however, from the subsequent action of
a weak solution of carbonate of ammonia on one of these latter
leaves, it had not perfectly recovered its excitability and power
of movement in 22 hrs.; but another leaf, after an additional
24 hrs., had completely recovered, judging from the manner in
which it clasped a fly placed on its disc.

| will give only one other experiment. After the exposure of
a plant for 2 hrs. to the gas, one of its leaves was immersed in
a rather strong solution of carbonate of ammonia, together with
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a fresh leaf from another plant. Tho latter had most of ,its
tentacles strongly inflected within 30 m.; whereastholeaf vnicli
had been exposed to thé carbonic acid remained for 24 hrs. in
tho solution without undergoing any inflection, with the excep-
tion of two tontaclel. This leaf had been almost completely
paralysed, and was not able to recover its sensibility whilst stih

in tho solution, which from having been made with distilled
water probably contained little oxygen.

Concluding Remarks on the Effects of the foregoing
Agents—As the glands, when excited, transmit some
influence to the surrounding tentacles, causing them
to bend and their glands to pour forth an increased
amount of modified secretion, | was anxious to
ascertain whether the leaves included any eement
having the nature of nervetissue, which, though
not continuous, served asthe channd of transmisson.
This led me to try the several alkaloids and other
substances which are known to exert a powerful in-
fluence on the nervous sysem of animals. | was at
firs encouraged in my trials by finding that strych-
nine, digitaline, and nicotine, which all act on the
nervous system, were poisonous to Drosera, and caused
a certain amount of inflection. Hydrocyanic acid,
again, which is so deadly a poison to animals, causd
rapid movement of the tentacles. But as several in-
nocuous acids, though much diluted, such as beuzoic,
acetic, &c, as well as some essential ails, are ex-
tremely poisonous to Drosera, and quickly cause
grong inflection, it seems probable that strychnme
nicotfhe, digitaline, and hydrocyanlc acid, excite in-
flection by acting on elements in no way analogaus
to the nerve-cdls of animals. If eements ot this
latter nature had been present in the leaves, it m|ght
have been expected that morphia, hyoscyamus atro-
pine, veratrine, colchicine, curare, and diluted alcohol
would have produced some marked effect; whereas
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these substances are not poisonous and have no power,
or only a very slight one, of inducing inflection. It
should, however, be observed that curare, colchicine,
and veratrine are muscle-poisons—that is, act on
nerves having some special relation with the muscles,
~ and, therefore, could not be expected to act on Drosera.
The poison of the cobra is most deadly to animals,
by paralysing their nerve-centres* yet is not in the
least so to Drosera, though quickly causing strong
inflection.

Notwithstanding the foregoing facts, which show
how widdy different is the effect of certain substances
on the health or life of animals and of Drosera, yet
there exists a certain degree of paralelism in the
action of certain other substances. We have seen that
this holds good in a striking manner with the salts of
sodium and potassum. Again, various metallic salts
and acids, namely those of dlver, mercury, gold, tin,
arsenic, chromium, copper, and platina, most or all of
which are highly poisonous to animals, are equally so
to Drosera.  But it is asingular fact that the chloride
of lead and two salts of barium were not poisonous to
this plant. It isan equally strange fact, that, though
‘acetic and propionic acids are highly poisonous, their
aly, formic acid, is not so; and that, whilst certain
vegetable acids, namely oxdlic, benzoic, &c, are
poisonous *in a high degree, gallic, tannic, tartaric, and
malic (all diluted to an equal degree) are not so.
Malic acid induces inflection, whilst the three other
just named vegetable acids have no such power. But
a pharmacopoeia would be requisite to describe the
diversfied effects of various substances on Droserat

* Dr. Fayrcr, 'The Thanato- cyanic, and chromic acids, ace-
phidia of India/ 1872, r> 4. tate of strychnine, and vapour of
f Seeing that acetic, hydro- ether, are poisonous to Drosera,
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changes of form, but after 24 hrs. were motionless,
the leaf being flaccid and apparently dead. On the
other hand, with leaves subjected for 48 hrs. to ft
strong solution of the poison of the cobra, the proto-
plasmic masses were unusually active, whilst with
the higher animals the vibratile cilia and white
corpuscles of the blood seem to be quickly paralysed
by this substance.

With the salts of alkalies and earths, the nature of
the base, and not that of the acid, determines ther
physiological action oh Drosera, asis likewise the case
with animals; but thisrule hardly applies to the salts
of quinine find strychnine, for the acetate of quinine
causes much more inflection than the sulphate, and
both are poisonous, whereas the nitrate of quinine is
not poisonous, and induces inflection at a much dower
rate than the acetate. The action of the citrate of
strychnine is also somewhat different from that of the
sulphate.

Leaves which have been immersed for 24 hrs in
water, and for only 20 m. in diluted alcohal, or in ;i
weak solution of sugar, are afterwards acted on very
dowly, or not at all, by the phosphate of ammonia,
though they are quickly acted on by the carbonate
Immersion-fof 20 m. in a solution of gum arabic has
no such inhibitory power. The solutions of certain
salts and acids affect the leaves, with respect to the
subsequent action of the phosphate, exactly like water,
whilst others allow the phosphate afterwards to act
quickly and energetically. In this latter case, the
interstices of the cell-walls may have been blocked up
by the molecules of the salts first given in solution,
so that water could not afterwards enter, though the
moleculesof the phosphate could do so, and those of
the carbonate still more easily.
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] _rI]he action of camphor dissolved in water is remark-
able, for it not only soon induces inflection, but
apparently renders the glands extremely sensitive to
mechanical irritation; for if they are brushed with a
soft brush, after being immersed in the solution for

short time, the tentacles begin to bend in about
« m. It may, however, be that the brushing,
though not a sufficient stimulus by itself, tends to
excite movement merely by reinforcing the direct
action of the camphor. The vapour of camphor, on
the other hand, serves as a narcotic.

Some essentia oils, both in solution and in vapour,
cause rapid inflection, others have no such power;
those which | tried were all poisonous.

Diluted alcohol (one part to seven of water) is not
poisonous, does not induce inflection, nor increase the
sensitiveness of the glands to mechanical irritation.
1"he vapour acts as a narcotic or anaesthetic, and long
exposure to it kills the leaves.

The vapours of chloroform, sulphuric and nitric
ether, act in a singularly variable manner on different
leaves, and on the several tentacles of the same ledf.
J—hISj| suppose, is owing to differences in the age or
institution, of the leaves, and to whether certain
tentacles have lately been in action. That these
vapours are absorbed by the glands is shown by their
changed colour; but as other plants not furnished
with glands are affected by these vapours, it is
probable that they are likewise absorbed by the so-.
mata of Drosera. They sometimes excite extraordi-
narily rapid inflection, but this is not an invariable
result. If alowed to act for even.a moderately ‘long
time, they kill the leaves; whilst a small dose acting
for only a short time serves as a narcotic or anesthetic.
In this case the tentacles, whether or not they have

Q2
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become inflected, are not excited to further move
ment by bits of meat placed on the glands, until
some consderable time has elapsed. It is generdly
believed that with animals and plants these vapours
act by arresting oxidation.

Exposure to carbonic acid for 2 hrs., and in one case
for only 45 m., likewise rendered the glands insensible
for atime to the poweful stimulus of raw meat. The
leaves, however, recovered their full powers, and did
not seem in the least injured, on being left in the
ar for 24 or 48 hrs. We have seen in the third
chapter that the process of aggregation in leaves sub-
jected for two hours to this gas and then immersed in
a solution of the carbonate of ammonia is much re-
tarded, so that a considerable time elgopses before the
protoplasm in the lower cells of the tentacles becomes
aggregated. In some cases, soon after the leaves were
removed from the gas and brought into the air, the
tentacles moved spontaneously; this being due, | pre-
ume, to the excitement from the access of oxygen.
These inflected tentacles, however, could not be ex-
cited for some time afterwards to any further move-
ment by their glands being stimulated. With other
irritable plants it is known* that the excluson of
oxygen prevents their moving, and arrests the move-
ments of the protoplasm within their cells, but. this
arrest is a different phenomenon from the retardation
of theprocess of aggregation just aluded to. Whether
this latter fact ought to. be attributed to the direct
action of the carbonic acid, or to the excluson of
oxygen, | know not.

« Sachs,' Trait€de Lot.* 1874, pp. 84G, 1037.
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CHAPTER X.

ON THE SENSITIVENESS OP THE LEAVES, AND ON THE LINES OP
TRANSMISSON OP THE MQTOR IMPULSE.

Glands and summits of the tentacles alone sensitive—Transmission
of. the motor impulse down the pedicels of the tentacles, and
across the blade of the leaf—Aggregation of tho protoplasm,
areflex action—First discharge of the motor impulse sudden —
Direction of the movements of the tentacles—Motor impulse
transmitted through the cdlular tissue— Mechanism of the move-
ments—Nature of the motor impulse—Re-expansion of the ten-
tacles.

WE have seen in the previous chapters that many
widely different stimulants, mechanical and chemical,
excite the movement of the tentacles, aswell asof the
blade of the leaf; and we must now consder, firstly,
what are the- points which are irritable or sensitive,
and secondly how the motor impulse is transmitted
from one point to another. The glands are almost
exclusively tho seat of irritability, yet this irritability
must extend for a very short distance below them:;
for when they were cut off with a sharp pair of
scissors without being themselves touched, the ten-
tacles often became inflected. These headless ten-
tacles frequently re-expanded; and when afterwards
drops of the two most powerful known stimulants were
placed on the cut-off ends, no effect was produced'.
Nevertheless these headless tentacles are capable, of
subsequent inflection if excited by an impulse, sent
from the disc. | succeeded on several occasions in
crushing glands between fine pincers, but this did
not excite any movement; nor did raw meat and salts »
of ammonia, when placed on such crushed glands.
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It is probable that they were killed so instantly that
they were not able to transmit any motor impulse; for
in SX observed cases (in two of which however the
gland was quite pinched dff) the protoplasm within
the cdlls of the tentacles did not become aggrelated;
whereas in some adjoining tentacles, which were
inflected from having, been roughly touched by the
pincers, it was well aggregated. In-like manner the
protoplasm does not become aggregated when a ledf is
instantly killed by being dipped into boiling water.
On the other hand, in severa cases in which tentacles
became inflected after their glands had been cut df
with sharp scissors, a distinct though moderate degree
of aggregation supervened. '

The pedicels of the tentacles were roughly and re-
peatedly rubbed; raw meat or other exciting sub-
stances were placed on them, both on the upper
surface near the base and dsewhere, but no dis
tinct movement ensued. Some bits of meat, after
being left for a condderable time on the pedicels,
were pushed upwards, so as just to touch the glands,
and in a minute the tentacles began to bend. |
believe that the blade of the leaf is not sendtive to
any stimulant. | drove the point of a lancet through
the blades of severd leaves, and a needle three or four
times through nineteen leaves. in the former case
no movement ensued; but about a dozen of the leaves
which were repeatedly pricked had a fewv tentacles
irregularly inflected. As, however, their backs had
to be supported during the operation, some of the
outer glands, as well as those on the disc, may have
been touched; and this perhaps sufficed to cause the
slight degree of movement observed. Nitschke* says

* «Bot. Zetung,' 1860, p. 234.
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that cutting and pricking the leaf does not excite
movement. The petiole of the leaf is quite insensible.
The backs of the leaves bear numerous minute
papilla), which do not secrete, but have the power of
absorption. These papillae are, | believe, rudiments
°f formerly existing 'tentacles together with their
glands. Many experiments were made to ascertain
whether the backs of the leaves could be irritated in
any way, thirty-seven leaves being thus tried. Some
were rubbed for a long time with a blunt needle,
and drops of milk and other exciting fluids, raw
meat, crushed flies, and various substances, placed on
others. These substances were apt soon to become
dry, showing that no secretion had been excited.
Hence | moigened" them with saliva, solutions of
ammonia, weak hydrochloric acid, and frequently with
the secretion from the glands of other leaves. |
also kept some leaves, on the backs of which exciting
objects had been placed, under a damp bell-glass; but
with all my care | never saw any true movement. |
was led to make so many trials because, contrary to
my previous experience, Nitschke states* that, after
affixing objects to'the backs of leaves by the aid of
the viscid secretion, he repeatedly saw the tentacles
(and in one instance the blade) become reflexed.
This movement, if a true one, would be most ano-
malous; for it implies that the tentacles receive a
motor impulse from an unnatural source, and have
the power of bending in a direction exactly the
reverse of that which is habitual to them; this power
not being of the least use to the plant, as insects
cannot adhere to the smooth backs of the leaves.

| have said that no effect was produced in the above

—_—

* “Bot. Zoitungr, 1860, p. 437.
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cases; but this is not strictly true, for in three in-
stances a little syrup was added to the bits of raw
meat on the backs of leaves, in order to keep them
damp for a time; and after 36 hrs. there was a trace
of reflexion-in the tentacles of one led, and cer-
tainly in the blade of another. After twelve addi-
tional hours, the glands began to dry, and all three
leaves seemed. much injured. Four leaves were then
placed under a bell-glass, with their footstalks in
water, with drops of syrup on their backs, but without
any meat. Two of these leaves, after a day, had a few
tentacles reflexed.  The drops had now increased con-
siderably in size, from having imbibed moisture, so
as to trickle down the backs of the tentacles and
footstalks. On thfe second day, one leaf had its
blade much reflexed; on the third day the tentacles
of two were much reflexed, as well as the blades of
al four to a greater or less degree. The upper sde
of one lodf, instead of being, as at firdt, slightly
concave, now presented a strong convexity upwards.
Even on the fifth day the leaves did not appear dead.
Now, as sugar does not in the least excite Drosera,
we may safely attribute the reflexion of the blades
and tentacles of the above leaves to exosmose from
the cells which were in contact with the syrup, and
their consequent contraction. When drops of syrup
are placed on the leaves of plants with their roots still
in damp earth, no inflection ensues, for the roots, no
doubt, pump up water as quickly as it is lost by
exognose. But if cut-off leaves are immersed in
syrup, or in any dense fluid, the tentacles are greatly,
though irregularly, inflected, some of them assuming
the shape of corkscrews; and the leaves soon become
flaccid. If they are now immersed in a fluid of low
goecific gravity, the tentacles re-expand. From these
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facts we may conclude that drops of syrup placed on
the backs of leavesdo not act by exciting a motor
impulse which is tranamitted to the tentacles; but
that they cause reflexion by inducing exosmose
Dr. Nitschke used the secretion for sticking insects
to the backs of the leaves, and | suppose that he
used a large quantity, which from being dense pro-
bably caused exosmose. Perhaps he experimented on
cut-off leaves, or on plantswith their rootsnot supplied
with enough water.

As far, therefore, as our present knowledge serves,
we may conclude that the glands, together with the
immediately underlying cells of the tentacles, are
the exclusive seats of that irritability or sensitiveness
with which the leaves are endowed. The degree to
which a gland is excited can be measured only by
the number of the surrounding tentacles which are in-
flected, and by the amount and rate .of their move
ment. Equally vigorous leaves, exposed to the same
temperature (and this is an important condition),
are excited in different degrees under the following
cdrcumgances. A minute quantity of a weak solu-
tion produces no effect; add more, or give a rather
dronger solution, and the tentacles bend. 'Touch
& gland once or twice, and no movement follows;
touch it three or four times, and the tentacle becomes
inflected. But the nature of the substance which is
given is a very important element: if equal-szed par-
ticles of glass (which acts only mechanically), of
gelatine, and raw meat, are placed on the discs of
several leaves, the meat causes far more rapid, encr-
gotic, and widely extended movement than the two
foomea substances. The numbe of glands which are
excited also makes a great difference in the result:
place a bit of meat on one or two of the discal
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glands, and only a fev of the immediately surround-
ing short tentacles are inflected; place it on severd
glands, and many more are acted on; place it on
thirty or forty, and all the tentacles, including the
extreme margina ones, become closdly inflected. We
thus see that the impulses proceeding from a number
of glands strengthen one another, spread farther, and
act on a larger number of tentacles, than the im-
pulse from any single gland.

Transmission of the Motor |mpulse—In every case
the impulse from a gland has to travel for a least
a short distance to the basa part of the tentacle,
the upper part and the gland itsdf being merely
caried by the inflection of the lower part. The
impulse is thus aways transmitted down nearly
the whole length of the pedicel. When the centra
glands are stimulated, and the extreme margina ten-
tacles become inflected, the impulse is transmitted
across hdf the diameter of the disc; and when the
glands on one dde of the disc are stimulated, the
impulse is transmitted across nearly the whole width
of the disc. A gland transmits its motor impulse
far more easly and quickly down its own tentacle
to the* bending place than across the disc to neigh-
bouring tentacles. Thus a minute dose of a very
week solution of ammonia, if given to one of the
glands of the exterior tentacles, causes it to bend and
reach the centre; whereas a large drop of the same
solution, given to a score of glands on the disc, will
not cause through their combined influence the least
inflection of the exterior tentacles. Again, when a
bit of meat is placed on the gland of an exterior
tentacle, | have seen movement in ten seconds, and
repeatedly within a minute; but a much larger bit
place/l on severd glands on the disc docs not cause
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the exterior tentacles to bend until half an hour or
even several hours have eapsed.

The motor impulse soreads gradually on all sdes
from one or more excited glands, o that the ten-
tacles which stand nearest are always first affected.
Hence, when the glands in the centre of the disc
are excited, the extreme marginal tentacles are the
last inflected. But the glands on different parts of
the leaf tranagmit their motor powe in a somewhat
different manner. If a bit of meat be placed on
the long-headed gland of a marginal tentacle, it
quickly transmits an impulse to its own bending
portion; but never, as far as| have observed,.to the
adjoining tentacles; for these are not aflected until
the meat has been carried to the central glands,
which then radiate forth their conjoint impulse on all
sdes. On four occasons leaves were prepared by
removing some days previoudy all the glands from
the centre, so that these could not be excited by
the bits of meat brought to them by the inflection of
the marginal tentacles, and now those marginal ten-
tacles re-expanded after a time without any other
tentacle being affected. Other leaves were smilarly
prepared, and bits of meat were placed on the
glands of two tentacles in the third row from the out-
sde, and on the glands of two tentacles in the fifth
row. In these four cases the impulse was sent
in the first place laterally, that is, in the same
concentric row of tentacles, and then towards the
centre; but not centrifugally, or towards the, ex-
terior tentacles. In one of these cases only a single
tentacle on each sde of the one with meat. was
affected. In the three other cases, from half a dozen
to a dozen tentacles, both laterally and towards the
centre, were well inflected or sub-inflected. Lastly, in
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ten other experiments, minute bits of meat were placed
on a single gland or on two glands in the centre of the
disc. In order that no other glands should touch
the meat, through the inflection of the closely adjoin-
ing short tentacles, about half a dozen glands had
been previoudy removed round the selected ones. On
eight of these leaves from sixteen to twenty-five of the
short surrounding tentacles were inflected in the course
of one or two days; so that the motor impulse radiat-
ing from one or two of the discal glands is able to
produce this much effect. The tentacles which had
been removed are included in the above numbers; for,
from standing so close, they would certainly have been
affected. On the two remaining leaves, dmost all the
short tentacles on the disc were inflected. With a
more powerful stimulus than meat, namely a little
phosphate of lime moistened with sdliva, | have seen
the inflection spread still farther from a single gland
thus treated; but even in this case the three or four
outer rows of tentacles were not affected. From these
experiments it appears that the impulse from a single
gland on the disc acts on a greater number of ten-
tacles than that from a gland of one of the exterior
elongated tentacles, and this probably follows at
least in part, from the impulse having to travel a very
short distance down the pedices of the central ten-
tacles, so that it is able to spread to a considerable
distance all round.

Whilst examining these leaves, | was struck with the
feet that in Six, perhaps seven, of them the tentacles
were much more inflected at the distal and proxi-
mal ends of the leaf (i. e. towards the gpex and base)
than on either side; and yet the tentacles on the sides
stood as near to the gland where the bit of meat lay
as did those at the two ends. It thus appeared as
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if the motor impulse was transmitted from the centre
across the disc more readily in a longitudinal than
*n a transverse direction; and as this appeared a
new and interesting fact in the physiology of plants,
thirty-five fresh experiments were made to test its
truth. Minute bits of meat were placed on a single
gland or on afew glands, on the right or left side of
the discs of eighteen leaves, other bits of the same
gze being placed on the distal or proxima ends of
seventeen other leaves. Now if the motor impulse
were transmitted with equal force or at an equal rate
through the blade in all directions, a bit of mea
placed at one side or at one end of the disc ought to
dfect equally all the tentacles situated at an equd
distance from it; but this certainly is not the case.
Before giving the genera results, it may "be wel to
describe three or four rather unusual cases.

(1) A minute fragment of a fly was placed on one side of the
disc, and after 32 m. seven of the outer tentacles near the frag-
ment were inflected; after 10 hrs. several more became so, and
after 23 hrs. a still greater number; and now the blade of the
leaf on this side was bent inwards so as to stand up at right
angles to the other side. Nether the blade of the leaf nor a
single tentacle on the opposite side was affected; the line of
separation between the two halves extending from the footstalk
to the apex. The leaf remained in this state for three days,
and on the fourth day began to re-expand; not a single ten-
tacle having been inflected on the opposite side.

(2) I will here give a case not included in the abovethlrty—
five experiments. A small fly was found adhering by its feet to*
the left sde of the disc. The tentacles on this sde soon closed
in and killed the fly; and owing probably to its struggle whilst
alive, the leaf was so much excited that in about 24 hrs. all the
tentacles on the opposite side became inflected; but as they
found no prey, for their glands did not reach the fly, they ro-
expanded in tho course of 15 hrs.; the tentacles on the left sde
remaining clasped for several days.

(3) A bit of meat, rather larger than those commonly used,
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was placed in a medial line at the basal end of the disc, near
the footstalk; after 2 hrs. 80 m. some neighbouring tentacles
were inflected; after 6 hrs. the tentacles on both sides of the
footsalk, and some way up both sides, were moderately in-
flected; after 8 hrs. the tentacles at the further or distal end
were more inflected than those on either side; after 23 hrs.
the meat was well clasped by all the tentacles, excepting by the
exterior ones on the two sides.

(4) Another bit of meat was placed at the opposite or distal
end of another leaf, with exactly the same réative results.

(5) A minute bit of meat was placed on one sde of the*disc;
next day the neighbouring short tentacles were inflected, as
well as in a dlight degree three or four on the opposte side
near the footstalk. On the second day these latter tentacles
showed signs of re-expanding, so | added a fresh bit of meat
at nearly the same spot, and after two days some of the short
tentacles on the opposte side of the disc were inflected. As
soon as these began to re-expand, | added another bit of meat,
and next day all the tentacles on the opposte side of the disc
wore inflected towards the meat; whereas we have seen that
those on the same side were affected, by tha first bit of meat
which was given.

Now for the genera results. Of the eighteen leaves
on which bits of meat were placed on the right
or left sdes of the disc, eight had a vast number of
tentacles inflected on the same side, and in four of
them the blade itsdf on this sde was likewise in-
flected; whereas not a single tentacle nor the blade *
was dfected on the oppodite side. These leaves pre-
sented a very curious appearance, as if only the in-
flected side was active, and the other paraysed. In the
remaining ten cases, a few tentacles became inflected
beyond the media line, on the side opposite to that
where the meat lay; but, in some of these cases, only
a the proxima or distal ends of the leaves. The
inflection on the opposite side aways occurred con-
Siderably after that on the same side, and in one in-
stance not until the fourth day. We have glso seen
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with No. 5 that bits of meat had to be added thrice
before all the short- tentacles on the opposite side of
the disc were inflected.

Xhe result was widely different when bits of meat
were placed in amedia line at the distal or proximal
ends of the disc. In three of the seventeen expei-
ments thus made, owing either to the state of the leaf
or to the smallness of the bit of meat, only the im-
ftLediately-adjoining tentacleswere affected; but in the
other fourteen cases the tentacles at the opposite end
of the leaf were inflected, though these were as distant
from where the meat lav as were those on one side of
the disc from the meat on the opposite side. In some
of the present cases the tentacles on the sides were not
a all affected, or in a less degree, or after a longer
interval of time, than those at the opposite end. One
set of experiments is worth giving in fuller detail.
Cubes of meat, not quite so small as those usually em-
ployed, were placed on one side of the discs of four
leaves, and cubes of the same size at the proximal
or distal end of four other leaves.- Now, when those
two sets of leaves were compared after an interval of
24 hrs., they presented a striking difference.  Those
having 'the cubes on one side were very slightly
affected on the opposite side; whereas those with the
cubes at either end had almost every tentacle at the
opposite end, even the marginal ones, closdy in-
flected. After 48 hrs. the contrast in the state of the,
two sets was still great; yet those with the meat on
one side now had their discal and submargina ten-
tacles on the opposite side somewhat inflected,.this
being due to the large size of the cubes. Finally we
may conclude from these thirty-five experiments, not
to mention the six or seven previous ones, that the
motor impulse is transmitted from any single gland
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or smal group of glands through the blade to the
other. tentacles more readily and effectudly in a
longitudinal than in a transverse direction.

As long as the glands remain excited, and this may
last for many days, even for eleven, as when in contact
with phosphate of lime, they continue to transmit a
motor impulse to the basal and bending parts of their
own pedicels, for otherwise they would re-expand. The
great difference in the length of time during Which
tentacles remain inflected over inorganic objects, and
over objects of the same sze containing soluble nitro-
genous matter, proves the same fact. But the intensity
of the impulse transmitted from an excited gland,
which has begun to pour forth its acid secretion and
Is at the same time absorbing, seems to be very small
compared with that which it transmits when first ex-
cited. Thus, when moderately large bits of meat were
placed on one side of the disc, and the discal and sub-
marginal tentacles on the opposite side became in-
flected, so that their glands at last touched the meat
and absorbed matter from it, they did not transmit
any motor influence to the exterior rows of tentacles
on the same side, for these never became inflected.
If, however, meat had been placed on the glands of
these same tentacles before they had begun to secrete
copioudy and to absorb, they undoubtedly would have
afected the exterior rows.  Nevertheless, when | gave
some phosphate of lime, which is a most powerful
stimulant, to several submargina tentacles already
consderably inflected, but not yet in contact with
some phosphate previoudy placed on two glands in the
centre of the disc, the exterior tentacles on the same
Side were acted on.

When a gland is first excited, the motor impulse is
discharged within a few seconds, as we know from the
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bending of the tentacle; and it appears to be dis
charged at first with much greater force than after-
wards. Thus, in the case above given of a small fly
naturally caught by a few glands on one side of a ledf,
&Uu impulse was dowly transmitted from them across
the whole breadth of the leaf, causng the opposte
tentacles to be temporarily inflected, but the glands
which remained in contact with the insect, though
they continued for several days to send an impulse
down their own pedicels to the bending place, did
not prevent the tentacles on the opposite side from
quickly re-expanding; so that the motor discharge
mug at first have been more powerful than afterwards.
When an object of any kind is placed on the disc,
and the surrounding tentacles are inflected, ther
glands secrete more copiousdy and the secretion
becomes- acid, so that some influence is sent to
them from the discal glands. This change in the
nature and amount of the secretion cannot depend
on the bending of the tentacles, as the glands of the
short central tentacles secrete acid when an object is
placed on them, though they do not themselves bend.
Therefore | inferred that the glands of the disc sent
some influence up the surrounding tentacles to their
glands, and that these reflected back a motor impulse
to their basal parts; but this view was soon proved
erroneous. It was found by many trials that tentacles
with their glands closely cut off by sharp scissors
often become inflected and again reoxpand, still
appearing healthy. One which was observed con-
tinued healthy for ten days after the operation, |
therefore cut the glands off twenty-five tentacles,
at different times and on different leaves, and seven-
teen of these soon became inflected, and afterwards
re-expanded. The re-expanson commenced in about
R
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8 hrs. or 9hrs, and was completed in from 22 hrs. to
30 hrs. from the time df. inflection. After an interval
of a day or two, raw meat with saliva was placed on the
discs of these seventeen leaves, and when observed
next day, seven of the headless tentacles were inflected
over the meat as closdy as the uninjured ones on
the same leaves, and an eighth headless tentacle
became inflected after three additional days. The
meat was removed from one of these leaves, and the
surface washed with a little stream of water, and after
three days the headless tentacle re-expanded for the
second time. Thesetentacleswithout glands were, how-
ever, in adifferent state from those provided with glands
and which had absorbed matter from the meat, for the
protoplasm within the cells of the former had under-
gone far less aggregation. From these experiments
with headless tentacles it is certain that the glands
do not, as far as the motor impulse is concerned, act in
a reflex manner like the nerve-ganglia of animals.

But there is another action, namely that of aggrega
tion, which in certain cases may be caled reflex, and
it is the only known instance in the vegetable king-
dom. We should bear in mind that the process does
not depend on the previous bending of the tentacles,
as we clearly see when leaves are immersed in certain
strong solutions. Nor does it depend on increased
secretion from .the glands, and this is shown by severa
facts, more especially by the papillae, which do not
secrete, yet undergoing aggregation, if given carbonate
of ammonia or an infuson of raw meat. When a gland
is directly stimulated in any way, as by the pressure of
a minute particle of glass, the protoplasm within the
cells of the gland first becomes aggregated, then that
in the cells immediately beneath the gland, and so
‘lower and lower down the tentacles to their bases,—
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that is, if the stimulus has been sufficient and not
injurious.  Now, when the glands of the disc are
excited, the exterior tentacles are affected in exactly
the same manner: the aggregation always com-
mences in their glands, though these have not been
directly excited, but have only receved some influ-
ence from the disc, as hown 1>y ther increased acid
secretion. The protoplasm within the cells immedi-
ately beneath the glands are next affected, and 0
downwards from cell to cell to the bases of the
tentacles. This process apparently deserves to be
called a reflex action, in the sime manner as when a
sensory nerve is irritated, and carries an impresson
to a ganglion which sends back some influence to a
muscle or gland, causing movement or increased
secretion; but the action in the two cases is probably
of awidely different nature. After the protoplasm in a
tentacle has been aggregated, its redissolution always
begins in the lower part, and dowly travels up the
pedicd to the gland, so that the protoplasm last
aggregated isfirst redissolved. This probably depends
merely on the protoplasm being less and less aggre-
gated, lower and lower down in the tentacles, as can
be seen plainly when the excitement has been dlight.
As soon, ther efore, asthe aggr egating action altogether
ceases, rodissolution naturally commences in the less
strongly aggregated matter in the lowest part of the
tentacle, and is therefirst completed. .
Direction of thel nflected Tentacles—When apartlcle
of any kind is placed on the gland of one of the outer,
tentacles, this invariably moves towards the centre ot.
the leaf; and so it is with all the tentaclesot a leai
immersed in any exciting fluid. The glands ot the
exterior tentacles then foom a ring round the middle
part of the disc, as shown in a previous figure (ng. is
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p. 10). The short tentacles within this ring still
retain their vertical position, as they likewise do when
a large object is placed on their glands, or when an
insect is caught by them. In this latter case we can
see that the inflection of the short central tentacles
would be useless, as their glands are already in con-
tact with their prey.
The result is very different when a single gland on
one side of the disc is excited, or a few in a group.
These send an impulse to
the surrounding tentacles,
which do not now bend
. towards the centre of the
o~ ledf, but to the point
' of excitement. We ows
this capital observation to
Nitschke* and since read-
ing his paper a few years
ago, | have repeatedly
vorified it.  If a minute bit
of meat be placed by the
aid of a needle on a single
gland, or on three or four
together, halfway between
i the rent re and the circum-
SRR T ference of the disc, the
Al (e(rfwflrgeg.éd; W},fﬂ;llfﬂf!girﬂeaml directed movement of the
over abit of meat placed on one side of ie Al g
tN ds surrounding tentacles is
well exhibited. An accu-
rate drawing of a leaf with meat in this position is
here reproduced (fig. 10), and we see the tentacles, in-
cluding some of the exterior ones, accurately directed
to the point where the meat lay. But a much better

* '|tot. Zeituncy 18CO, p. 240.



CHAP. X. DIRECTION OP INFLECTED TENTACLES. 245

plan is to place a particle of the phosphate of lime
moistened with sdliva on a single gland on one side
of the disc of a large ledf, and another particle on a
single gland on the opposite side. In four such
trials the excitement was not sufficient to afect the
outer tentacles, but all those near the two points
were directed to them, so that two wheds were formed
on the disc of the same leaf; the pedicels of ‘the
tentacles forming the spokes, and the glands united
In a mass over the phosphate representing the axles.
The precison with which each tentacle pointed to
the particle was wonderful; so that in some cases |
could deteot no deviation from perfect accuracy.
Thus, although the short tentacles in the middle of
the disc do not bend when their glands are excited
in a direct manner, yet if they receive a motor impulse
from a point on one side, they direct themselves to the
point equally wel with the tentacles on the borders of
the disc. )

In these experiments, some of the short tentacles on
the disc, which would have been directed to the centre,
had the leaf been immersed in an exciting fluid, were
now inflected in an exactly opposite direction, viz.
towards the circumference.  These tentacles, therefore,
had deviated as much as 180° from the direction which
they would have assumed if their own glands had
been stimulated, and which may be considered as the
normal one. Between this, the greatest possible and no
deviation from the normal direction, every degree could
be observed in the tentacles on these severd leaves.
Notwithstanding the precision with which the tentacles
generally were directed,, those pear the circumference
of one leaf were not accurately directed towards some
phosphate of lime at a rather distant point on the
opposite side of the disc. It appeared as if the motor
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impulse in passing transversely across nearly the
whole width of the disc had departed somewhat from
a true course. This accords with what we have
already seen of the impulse travelling less readily in
a transverse than in a longitudinal direction. In
some other cases, the exterior tentacles did not seem
capable of such accurate movement as the shorter
and more central ones.

Nothing could be more striking than the appear-
ance of the above four leaves, each with their ten-
tacles pointing truly to the two little masses of the
phosphate on their discs. We might imagine that we
were looking at a lowly organised animal seizing prey
with itsarms.  In the case of Drosera the explanation
of this accurate power of movement, no doubt, lies in
the motor impulse radiating in all directions, and
whichever side of a tentacle it. first strikes, that side
contracts, and the tentacle consequently bends towards
the point of excitement. The pedicelsof the tentacles
are flattened, or eliptic in section. Near the bases of
the short central tentacles, the flattened or broad face
Is formed of about five longitudinal rows of cells; in
the outer tentacles of the disc it consists of about six
or seven rows, and in the extreme margina tentacle®
of above a dozen rows. As the flattened bases are
thus formed of only a few rows of cells, the precison
of the movements of the tentacles is the more remark-
able ; for when the motor impulse strikes the base of
a tentacle in a very oblique direction relatively to its
broad face, scarcely more than one or two cells towards
one end can be affected at first, and the contraction
of these cells must draw the whole tentacle into the
proper direction. It is, perhaps, owing to the exterior
pedicels being much flattened that they do not bend
quite so accurately to the point of excitement as the
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more central ones. The properly directed movement
of the tentacles is not an unique case in the vegetabl©
kingdom, for the tendrils of many plants curve to-
wards the side which is touched; but the case of
Drosera is far more interesting, as here the tentacles
are not directly excited, but receive an impulse from
a distant point; nevertheless, they bend accurately
towards this point.

On the Nature of the Tissues through which the Motor
Impulse is Transmitted—It will be necessary first
to describe briefly the
course of the main  fibro- _.. AJ~\/ -
vascular bundles. These o | | | '\ 77
are shown in the accom- '~ o W
panying sketch (fig. 11) ' '
of a small leaf. Little - >
vessds from the neigh- .
bouring bundles enter
al the many tentacles
with which the surface
Is studded; but these
arc not here represented.
The central trunk, which
runs up the footstalk,
bifur cates near the centre
Of the Ieaf’ eaCh branCh (0 -m.-;-fK;irr'\'/tLiiltl'HJoIia.)

: > | furca.ting.again and Diagrnni B;lcr;Ning the diatribetion of the
again according to the Wascular ttoue imt-BRsIl |3
gze of the leaf, Tins

central trunk sends df, low down on each dde a
delicate branch, which maybe called the BuWateral
branch. There is dso, on each Bide a main lateral
branch or bundle, which biforcatc« & the san:
manne as the others. Bifurcation does not imply
that any single vessa divides, but that a bundle
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divides into two. By looking to either side of the
lesf, it will be seen that a branch from the great
central bifurcation inosculates with a branch from the
lateral bundle, and that there is a smaler inoscu-
lation between the two chief branches of the latera
bundle. The course of the vessds is very complex
at the larger inosculation; and here vessdls, retain-
ing the same diameter, are often formed by the
union of the bluntly pointed ends of two vessds,
but whether these points open into each other by
their attached surfaces, | do not know. By means
of the two inosculations all the vessds on the
same dsde of the leaf are brought into some sort of
connection. Near the circumference of the larger
leaves the bifurcating branches aso come into close
union, and then separate again, forming a continuous
zigzag line of vessas round the whole circumference,
But the union of the vesss in this zigzag line seems
to be much less intimate than at the main inoscula
tion. It should be added that the course of the
vesds differs somewhat in different leaves, and even
on opposite sdes of the same ledf, but the main
Inosculation is dways present.

Now in my first experiments with bits of meat
placed on one side of the disc, it so happened that not
a single tentacle was inflected on the opposite side;
and when | saw that the vessals on the same side were
all connected together by the two inosculations, whilst
not a vessdl passed over to the opposite side, it seemed
probable that the motor impulse was conducted ex-
clusively along them.

In order to test this view, | divided transversely
with the point of a lancet the central trunks of four
leaves, just beneath the main bifurcation; and two
days afterwards placed rather large bits of rav meat
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(@ most powerful stimulant) near the centre of the
disc above the incison—that is, a little towards the
apex—with the following results.—

(1) This leaf proved rather torpid: after 4 hrs. 40 m. (in all
cases reckoning from the time when the meat was given) the
tentacles at the distal end were a little inflected, but nowhere
®lse they remained o for throe days, and re-expanded on the
fourth day. The leaf was then dissected, and the trunk, as wdll
% the two sublateral branches, were found divided.

(3) After 4 hrs. 30 m. many of the tentacles at the distal end
wore well inflected. Next day the blade and all the tentacles at
this ond wore strongly inflected, and wero separated by a dis-
tinct transverse line from the basal half of the leaf, which was
aot in tije ioagt affected. ON the third day, however, some of
the short tentacles on the disc near the base were very dightly
inflected. The incison was found on dissection to extend across
the leaf asin the last case.

(3) After 4hrs. 30 m. strong inflection of the tentacles at
the distal end, which during the next two days never extended

 the least to the basal end. The incision as before.

(4) This leaf was not observed until 15 hrs. had elapsed, and
then all the tentacles, except the extreme marginal ones, were
found equally well inflected all round the leaf. On careful
examination the spiral vessals of the central trunk were cer-
tainly divided; but the incison on one side had not passed
through the fibrous tissue surrounding these vesseals, though it
had passed through the tissue on the other sde*

The appearance presented by the leaves (2) and (3)
was very curious, and might be aptly compared with
that of a man with his backbone broken and lower ex-
tremities paralysed. Excepting that the line between
the two halves was here transverse instead of longitu-’
dinal, these leaves were in the* same state as some of
those in the former experiments, with bits of meat
placed on one side of the disc. The case of leaf (4)

* M. Ziegler made smilar ex- (‘Comptes rendus/1874, p. 1417),
periments by cutting the spiral  tut arrived at conclusons widdy
vessels of Drosera intermedia  different from mine.
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proves that the spiral vessels of the central trunk may
be divided, and yet the motor impulse be transmitted

from the distal to the basd end; and this led me at
first to suppose that the motor force was sent through
the closdly surrounding fibrous tissue; and that if one
half of this tissue was left undivided, it sufficed for
complete transmission. But opposed to this concluson
IS the fact that no vessdls pass directly from one Sde
of the leaf to the other, and yet, as we have seen, if

a rather large bit of meat is placed on one sSide, the
motor impulse is sent, though dowly and imperfectly,
in a transverse direction across the whole breadth of
the leef. Nor can this latter fact be accounted for
by supposing that the transmission is effected through
the two inosculations, or through the circumferentia

zigzag line of union, for had this been the case, the
exterior tentacles on the oppodste side of the disc
would have been affected before the more central ones,
which never occurred. We have dso seen that the
extreme marginal tentacles appear to have no power
to transmit an impulse to the adjoining tentacles; yet
the-little bundle of vessdls which enters each margind
tentacle sends df a minute branch to those on both
sdes, and this | have not observed in any other ter

tacles, so that the marginal ones are more closdy
connected together by spird vessds than are the.
others, and yet have much less power of communi-
cating a motor impulse to one another.

But besdes these severd facts and arguments we
have conclusve evidence that the motor impulse is
not sent, at least exclusvely, through the spira
vessals, or through the tissue immediately surrounding
them. We know that if a bit of meat is placed on a
gland (the immediately adjoining ones having been
removed) on any part of the disc, all the short sur-
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rounding tentacles bend amost simultaneoudy with
great precison towards it. Now there are tentacles
on the disc, for instance near the extremities of the
sublateral bundles (fig. 11), which are supplied with
vessls that do not come into contact with the branches
that enter the surrounding tentacles, except by a very
Jong and extremely circuitous course. Nevertheless,
if abit of meat is placed on the gland of a tentacle
of this kind, all the surrounding ones are inflected
towards it with great precison. It is, of course, pos-
sble that an impulse might be sent through a long
and circuitous ‘course, but it is obvioudy impossible
that the direction of the movement could be thus
communicated, so that all the surrounding tentacles
f hould bend precisdly to the point of excitement.