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The Action of Carbonate of Ammonia on Chlorophyll-bodies.
By Crarres Darwin, LL.D., F.R.S.

[Read March 6, 1882.],

I~ my ¢ Insectivorous Plants’ I have described, under the term
of aggregation, a phenomenon which has excited the surprise
of all who have beheld it *. It is best exhibited in the tentacles
or so-called glandular hairs of Drosera, when a minute par-
ticle of any solid substance, or a drop of almost any nitro-
genous fluid, is placed on a gland: Under favourable circum-
stances the transparent purple fluid in the cells nearest to the
oland becomes in a few seconds or minutes slightly turbid. Soon
minute granules can be distinguished under a high power, which
quickly coalesce or grow larger; and for many hours afterwards
oval or globular, or curiously-shaped masses of a purple colour
and of considerable size may be observed sending out processes or
filaments, dividing, coalescing, and redividing in the most singu-
lar manner, until finally one or two solid spheres are formed which
remain motionless. The moving masses include vacuoles which
change their appearance. (I append here three figures of aggre-
gated masses copled from my son Francis’s paper T, showing the
forms assumed.) After aggregation has been partially effected,
the layer of protoplasm liming the walls of the cells may be seen
with singular clearness flowing in great waves; and my son
observed similarly flowing threads of protoplasm which connected
together the gramns of chlorophyll. After a time the minute
colourless particles which are imbedded in the flowing proto-
plasm are drawn towards and unite with the aggregated masses ;
so that the protoplasm on the walls being now rendered quite
transparent 1s no longer visible, though some is still present, and
still flows, as may be inferred from the occasional transport of
particles 1n the cell-sap. The granules withdrawn from the
walls, together probably with some matter derived from the flow-
ing protoplasm and from the cell-sap, often form a colourless,
or very pale purple, well-defined layer of considerable thickness,
which surrounds the previously aggregated and now generally

* Pfeffer, in his recent admirable work- ¢ Pflanzenphysiologie’ (B. ii. 1881,
p. 248), speaks of the phenomenon as being in many respects interesting ; and
Cohn writes (“ Die Pflanze,” Vortrage aus dem Gebiete der Botanik, 1882, p. 361)

in still stronger terms.
t Quart. Journ. Micr. Sci. vol. xvi, 1876, p. 309.
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Fig. 2.

Fig. 1. Cellsin a tentacle of Drosera rotundifolia, showing aggregated masses
after the action of carbonate of ammonia. Some of the masses with vacuoles.

Fig. 2. Aggregated masses undergoing redissolution. &, same cell as @, but
masses drawn at a later period.

Fig. 3.
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Fig. 8. a, b, ¢, d, ¢, the same cell drawn at successive short intervals of time,
showing the aggregated masses produced by an infusion of raw meat. The
changes of form occurred so rapidly that it was impossible to copy the appear-
ance of the whole cell at a given moment.

spherical dark-purple masses. The surrounding layers or zones
consist of solid matter, more brittle than the central parts of the
aggregated masses, as could be seen when they were crushed

beneath a cover-glass. It may be added that there 1s no a prior:
| zZ 2



264 MR. C. DARWIN ON THE ACTION OF

improbability in some of the protoplasm being withdrawn, to-
gether with the imbedded granules, from the walls; for the
whole of the protoplasm within the hairs of Zradescantia con-
tracts, when subjected to great cold, into several spheres, and
these, when warmed again, spread themselves out over the walls*.

The process of aggregation commences in the gland which 1s
stimulated, and slowly travels down the whole length of the
tentacle, and even into the disk ot the leaf, but very much more
slowly than the impulse which causes the basal part of the ten-
tacle to bend imwards. It is a more interesting fact that when
the glands on the disk are stimulated, they transmit some in-
fluence to the glands of the surrounding tentacles, which undergo
throughout their whole length the process of aggregation,
although they themselves have not been directly stimulated ;
and this process may be compared with a reflex action in the
nervous system of an animal. After a tew days the sohd aggre-
gated masses are redissolved. The process of redissolution
commences in the cells at the bases of the tentacles and travels
slowly upwards ; therefore in areversed direction to that of aggre-
gation. Considering that the aggregated masses are solid enough
to be broken into fragments, their prompt redissolution is a
surprising fact; and we are led to suspect that some ferment
must be generated in the disk of the leaf, and be transmitted
up the tentacles. The double process of aggregation and of
redissolution takes place every time that a leat of Drosera
catches an 1msect.

Aggregation 1s a vital process—that 1s, 1t cannot occur in
cells after their death. This was shown by waving leaves t
tor a few minutes 1in water at a temperature ot 655 C. (150° F.),
or even at a somewhat lower temperature, and then immers-
mg them i a rather strong solution of carbonate of ammonia,
which does mot cause in this case any aggregation, although
the most powerful of all known agents. If a tentacle is
slightly crushed, so that many of the cells are ruptured, though
they still retain much of their purple fluid contents, no aggre-
gation occurs in them when they are similarly immersed, not-

* Van Tieghem, ‘ Traité de Botanique,” 1882, p. 596. See also p. 528, on
masses of protoplasm floating freely within the cavities of cells. Sachs (* Phy-
siologie Végétale,” p. 74) and Kihne (‘ Das Protoplasma,” p. 103) have likewise
seen small freely-floating masses of protoplasm in the hairs of Zradescantia and

Cucurbita which undergo ameboid changes of form.
T ‘ Insectivorous Plants," p. 58,
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withstanding that in closely adjoining cells which have not been
killed, as could be seen by the protoplasm still flowing round
the walls, aggregation ensued. So that the process 1s quite
arrested by the death of a cell, and it is much delayed if a leaf,
before being immersed in the solution, 1s kept for some time in
carbonic acid; and this agrees with the well-known fact that
protoplasm retains its activity only as long as 1t 18 In an oxy-
oenated condition. When tentacles, including recently aggre-
gated masses, are suddenly killed or much mjured by being
dipped into hot water, or by being irrigated with alcohol, acetic
acid, or a solution of iodine, the ‘lﬂ'ﬂl‘ef_?"ﬂted masses suddenly
disintegrate and disappear, leaving only a little fine granular
matter; but this disintegration does not occur with the more
solid masses which have been aggregated for some time.

From the several toregoing COllbldel"&thHb, trom the aggregated
masses being of an albuminoid nature (as shown by the tests
employed by my son Francis, and as is admitted by Pteffer *), and
from their incessant, long-continued amceeba-like movements,
I formerly concluded that not only these masses, but that the
minute globules which first appear in the cell-sap consist, af
least in part, of living and spontaneously moving protoplasm.
And I feel compelled to adhere to my original conclusion, not-
withstanding that such high authorities as Cohn and Pfefter
believe that the aggregated masses consist merely of condensed
cell-sap. The movements of the masses, 1 presume, are con-
sidered by these botanists to be of the same nature as those
curious ones described by Beneke as occurring in myelin when
immersed in water and in a solution of sugart.

From the doubts thus thrown upon my original conclusion, it
seemed to me advisable to observe the action of carbonate of
ammonia on grains of chlorophyll, as it is generally admitted
that these consist of modified protoplasm. The grains not only
change their positions under certain circumstances, which may
be due merely {o the movements of the streaming protoplasm in
which they are imbedded, but they likewise have the power of
changing their shapes, as has been recently proved by Stahl T.

% ¢« Pflanzenphysiologie,” Bd. 1i. p. 248.
+ ¢Qtudien iiber das Vorkommen . . ... von Gallenbestandtheil’” (Giessen,

le’)
t See his interesting papers in the Botanische Zeitung,” 1880, pp. 298413,

ﬂ.ﬂd more especially p. J61.
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They are also capable of self-division *. Now, if 1t can be shown
that a solution of carbonate of ammonia tends to cause the grains
of living chlorophyll to become confluent one with another and
with previously aggregated masses, this fact would support the
conclusion that the aggregated masses consist, at least in part,
of living protoplasm, to which their incessant movements may be
attributed. And it is the object of the present paper to show
that chlorophyll-bodies are thus acted on in certain cases by car-
bonate of ammonia. The fact by itself possesses some little in-
terest, independently of the light which it throws on the remark-
able phenomenon of aggregation.

~ Dionea muscipula.—The effects of carbonate of ammonia are
best shown in the case of young, small, and thin leaves produced
by starved plants, as these are quickly penetrated by the solu-
tion. Transverse sections of such leaves and of others were made
before they had been immersed t; and the cells, including those
of the epidermis, could easily be seen to be packed with grains
of chlorophyll. 1t 1s, however, necessary to avoid examining a
leat which has ever caught an insect; for in this case many of
the cells will be found filled with yellowish matter instead of
with chlorophyll-grains. Several leaves were left for different
lengths of time in solutions of different strengths; but it will
suffice to describe a few cases. A small thin leaf was immersed
for 24 hours in a solution of 7 parts of the carbonate to 1000 of
water, and transverse sections were then examined. The cells
near the margin of the leaf, throughout its whole thickness, did
not now exhibit a single chlorophyll-grain, but in their place
masses of transparent yellowish-green matter of the most diver-
sified shapes. They resembled those of Drosera shown at fig. 3,
if we suppose several of them to be pressed lightly together.
Some of the masses in the same cell were connected by ex-
tremely fine threads. Spheres of more solid matter were some-
times included within the oddly-shaped greenish masses. The
contrast in appearance between these sections and those taken
from one corner of the same leaf before it had been 1mmersed
was wonderfully great. The sections were then eclarified by
being left for some time in alcohol, but not a grain of chlorophyll
could be seen; whereas the fresh slices similarly clarified exhi-

* Van Tieghem, ‘ Traité de Botanique,” 1882, p. 493,
t These sections and many others were made for me by my son Francis, to
whom I owe much information and other assistance.
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bited with the utmost plainness the now colourless grains. The
oddly-shaped green masses exhibited none of the movements so
conspicuous in the case of Drosera; but this could hardly have
been expected after the injury caused by slicing ; and the leaves
are much too opaque to be examined without the aid of sections.
Some other sections from the same immersed leaf presented a
rather different appearance, as they contained much extremely
fine granular green matter, which became pale brown after being
kept in alcohol. No chlorophyll-grains could be seen in any of
these sections. After adding iodine (dissolved in water with
10dide of potassium), many particles of starch became visible by
being coloured blue ; but none were present in the first described
section. Some of the larger rounded aggregated masses were
coated with blue particles. Others were quite free of such par-
ticles, and were coloured by the iodine bright orange.

A superficial slice was taken from a fresh leaf, showing the
upper epidermic and glandular surface, and all the cells abounded
with large grains of chlorophyll. But with a leaf which had been
immersed for 24 hours in a solution of carbonate of ammonia
(7 to 1000), a similar section presented a wonderfully different
aspect; mno chlorophyll-grains could be seen. Some of the
cells contained one or two transparent yellowish spheres, which,
1t could hardly be doubted, had been formed by the fusion of
previously-existing chlorophyll-grains.  Other cells contained
very fine brownish granular matter, and this apparently had been
deposited from the cell-sap with its colour changed. This gra-
nular matter was generally aggregated mto one or two either
separate or more or less confluent spherical balls, having a rough
surface. Sometimes a dark-brown granular sphere was sur-
rounded by a zone of paler granular matter. In other cases
brown granular spheres lay in the centre of transparent yellow
spheres. In one case a sphere of this latter kind, with two
others consisting exclusively of the yellowish transparent matter,
were observed in the same cell. In other cases the brown balls
were surrounded merely by an extremely narrow border of trans-
parent matter. It appears that in these cases the granular
matter had first been deposited, and then had become more or
less aggregated into balls; and that afterwards the yellowish
transparent matter, formed by the fusion of the modified chlo-
rophyll-grains, had aggregated either round the granular matter
or into independent spherical and oddly-shaped masses.
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Transverse sections of other immersed leaves presented various
appearances. In one cell a central transparent sphere was sur-
rounded by a halo of brown granular matter, and this again by
a zone of the transparent matter, and such matter quite filled
some adjoining cells. In the cells of another leat there were,
throughout its whole thickness, yellow, greenish, orange, pale
or very dark-brown spheres. Some of these latter spheres had
a dark centre, which was so hard that i1t was cracked by pressure,
and the line of separation tfrom the surrounding zone of paler
matter was distinct. Two brown spheres were in one case in-
cluded within the same transparent sphere. Gradations seemed
to show that the opaque granular matter ultimately passed into
dark-coloured transparent matter. In thesesame sections there
were some colourless or yellowish highly-transparent small
spheres, which, I believe, were merely much swollen chlorophyll-
orains. One, two, or more of such grans, while still partly
retaining their outlines, sometimes clung to the darker granular
spheres. When there were only one or two of them thus cling-
ing, they assumed the shapes of half- or quarter-moons. It
appeared as if such swollen grains when completely confluent
had often given rise to the pale zones surrounding the granular
spheres. The pale zones were rendered still more transparent
by acetic acid; and on one occasion they quite disappeared, after
being left in the acid for 24 hours; but whether the matter was
dissolved or had merely disintegrated was not ascertained. This
acid produces the same effect on recently aggregated pale-
coloured or almost colourless matter in the tentacles of Drosera.

In one leaf a good many unaltered chlorophyll-grains could
still be distinguished in some of the cells; and this occurred
more frequently in the thickest part of the leaf, near the midrib,
than elsewhere. 1In one section the chlorophyll-grains had run
together, and formed in some of the cells narrow green rims
round all four walls. In many sections, more especially in those
in which the process of aggregation had not been carried very
far, there was much extremely fine granular matter, which did
not resemble smashed or disintegrated chlorophyll-grains, such
as may often be seen in sections of ordinary leaves. This gra-
nular matter occasionally passed into excessively minute, trans-
parent, more or less confluent globules.

Judging from these several appearances, we may conclude that
carbonate of ammonia first acts on the cell-sap, producing a gra-
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nular deposit of a pale brownish colour, and that this tends to
aggregate into balls ; that afterwards the grains of chlorophyll are
acted on, some swelling up and becoming completely confluent,
so that no trace of their original structure is left, and others
breaking up into extremely fine greenish granular matter, which
appears likewise to undergo aggregation. The final result is the
formation of balls of brown, and sometimes reddish, granular
matter, often surrounded by zones, more or less thick, of yellowish
or greenish, or almost colourless transparent matter. Or, again,
spheres, ovals, and oddly-shaped masses are formed, consisting
exclusively of this transparent yellowish-green matter. As soon
as the process of aggregation has been thoroughly carried out,
not a grain of chlorophyll can be seen.

Drosera rotundifolia.—1t 1s advisable to select for observation
pale reddish leaves, as the dark-red ones are too opaque; and
the process of aggregation does not go on well in the small
completely green leaves which may sometimes be found. The
tentacles, which are merely delicate prolongations of the leaf,
are from their transparency well fitted for observation. In
sections of the disks of fresh leaves, the cells of the epidermis
are seen to abound with grains of chlorophyll, as well as those of
the underlying parenchyma. The bases of the exterior tentacles
and the part immediately beneath the glands are generally
coloured pale green from the presence of chlorophyll-grains in
the parenchyma; and some occur throughout the whole length
of the longer tentacles, but are not easily seen on account of the
purple cell-sap. Sometimes the epidermal cells of the longer
tentacles include chlorophyll-grains; but this 1s rather a rare
event. The footstalks of the short tentacles on the disk are
bright green, and invariably abound with grains of chlorophyll.

A pale leaf, in which the basal cells of the exterior tentacles
contained numerous grains of chlorophyll, was left for 24 hours
im a solution of only 2 parts of the carbonate to 1000 of water;
and now innumerable greenish spheres, resembling o1l 1n appear-
ance, were present in these cells, and the ordinary chlorophyll-
grains had 1n most places disappeared. Nevertheless 1n several
cells some swollen grains were still distinct. Other cells con-
tained fine granular or pulpy green matter collected into masses
at one end. In a few other cells the chlorophyll-grams had run
together, forming a continuous green rim with a sinuous outline
attached to the walls. In fresh leaves the guard-cells of the
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stomata include grains of chlorophyll; but these, after the leaf
has been immersed in the carbonate, almost always become fused
into a few nearly colourless spheres.

Sections made from leaves which had been left for 22 hours in
a solution of 4 to 1000 exhibited, in the upper and lower epi-
dermal cells of the disk, and in the cells of the parenchyma
near the bases of the exterior tentacles, greenish spheres; and
in such cells there were no chlorophyll-grains, but they were
still present 1n some few of the epidermal cells which did not
contain aggregated masses, and they abounded in the parenchyma
mm the middle of the disk, where there were only a few green
spheres. These sections were irrigated with the solution of
1odine, and the green spheres became yellow; and many minute
elliptical particles of starch, coloured blue, could now be seen.
Such particles were not visible in the sections of fresh leaves,
and I believe that they had been imbedded within the chloro-
phyll-grains, from which the enveloping protoplasm had been
withdrawn to form the green spheres.

One of the above leaves was left in the ammonia solution for
three days, by which time it had become flaccid, being evidently
killed. The numerous green spheres were blackened, but per-
fectly retained their outlines. No chlorophyll-grains could be
seen, but many particles of starch. When leaves were left for
some time in a solution of 7 to 1000, much pulpy green matter
and innumerable spheres were sometimes formed, but no large
aggrecated masses; so that in these cases the solution appeared
to have been too strong. The degree to which the grains of
chlorophyll are acted on varies much from unknown causes;
for in some tentacles, which exhibited strongly-marked aggrega-
tion after being left for 36 hours in the stronger solution, the
orains could still be seen, but only after they had been cleared
by immersion in acetic acid.

A leaf was laid on a glass plate kept in a damp chamber, and
two or three tentacles at one end were covered with thin glass,
so as to prevent their bending, and were irrigated with the am-
monia solution of 7 to 1000. After 24 hours and 48 hours these
tentacles included many dark-purple aggregated masses ; never-
theless plenty of chlorophyll-grains were still visible. In the
disk of this leaf, however, near the bases of these tentacles, there
were some spheres of a fine green tint, and others purple in the
centre surrounded by a distinctly defined green zone; and in













































