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T H E S U N D E W AND SENSATION I N 
PLANTS. 

The subject of this paper was first suggested 
to me by a question in the Encyclopedia 
Britannica competition of last year with regard 
t o motile plants and immotile animals— 
organisms on that borderland, where i t is diffi-
cult to determine where more or less to draw 
the line which separates the animal from the 
vegetable kingdom; and an article in a German 
magazine in which the writer seemed to hint 
that sensation, with their corresponding re-
actions in the living organism, are entirely 
mechanical, as being merely the conversion of 
the inertia of the organism into potential energy, 
and therefore on a par with the discharge of 
a gun, or setting in motion a clock which has 
been wound up, made me turn t o another 
physiological phase, the characteristics of which 
prove on examination to further breakdown any 
hard and fast distinction which up to now has 
been attempted to be drawn between the two 
kingdoms—that of sensation. 

I t struck me that as the matter is abundantly 
illustrated by materials at hand, and more 
particularly by the curious little plant, which I 
have taken as part title of my paper, the Sun-
dew, I need not go further for a subject, 
trusting that i t may be of some interest to 
members generally, and of some use to our 
teaching members in search of the now-a-days 
indispensable nature knowledge, to observe the, 
in many respects, remarkable resemblance be-
tween sensation in animals and sensation in 
plants. 

I t is not difficult to draw various distinctions 
between plants and animals, if we consider only 
the higher forms; but if we extend our sphere 
of observation over the very imperfect forms 
of both kingdoms—the one-celled, consisting 
only of protoplasm and a nucleus, we are not 
so sure of our ground: it is difficult to fix on 
properties common to one kingdom, and form-
ing a distinction between it and the other. 
This may result from the fact that we are only 
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as yet imperfectly informed over the organisa-
t ion of these, t h e simplest fo rms of l ife, and 
guess only a t the significations of their pa r t s 
with more o r less probability. 

However, here I wish t o dwell more on points 
of resemblance than, on distinguishing character-
istics ; and there is one th ing tha t all biologists 
seem agreed on, and t h a t is, t h a t sensation is 

a property of every living cell, and t h a t i t 
"belongs to p lants as well as animals, and that , 
though the perception, of the h igher animals in 
comparison with t h a t of the higher p lan ts may 
be extraordinarily refined and acute, concen-
t ra ted in special organs, as t h e nerves and 
brains, yet percept ion is undeniably p resen t 
in every root and leaf, if for the most p a r t in 
little apparent form. 

Linnaeus appears t o have missed this in his 
definition of the th ree great natura l kingdoms— 
mineralia crescunt ; plantas crescunt e t v i v u n t ; 
animalia crescunt, vivunt, e t sentiunt ,—although 
it may depend upon what meaning precisely he 
p u t upon " v i v u n t . " 

Sensation we may take t o be anyth ing which 
excite any of our five sense-organs of touch, 
taste, sight, hearing, and smel l ; and although 
we may be inclined to believe t h a t such sensa-
tions are peculiar t o animals, yet manifestly wo 
share the first three a t least with plants and 
examples of this lie around us. And n o t only 
do plants experience these sensations, bu t it 
will be seen tha t they are able t o distinguish 
different degrees of sensat ion; and as in the 
ease of the human sense-organs two different 
classes of stimuli, such as the action of pressure 
and light, produce a similar sensation. 

Smell and hearing I may dismiss with a word 
or two. I can find no evidence of plants being 
affected by the waves of sound, except we re-
ceive as evidence the current belief of some 
races of the East, that the cocoa-nut pa lm is 
of so sociable a nature t h a t it will not live ou t 
of range of t h e human voice, and I have actu-
ally had an instance of this pointed ou t t o con-
vince me. Of smell, too, it has been shown 
tha t certain volatile essences, such as chloro-
form, stimulate a p lant t o earlier ma tu r i t y ; bu t 
this may simply result f rom the essence acting 
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chemically to facilitate the manufacture of 
starch by the leaves. 

There are left, then, for our consideration 
the three sensations of touch, taste, and sight, 
which are universally felt by plants although 
usually in a little apparent form, as generally 
the reactions set in motion by these sensations 
manifest themselves much more slowly in plants 
than in animals. Yet there are examples where 
a quicker and more apparent reaction is caused; 
and the best-known are to be found in the Sun-
dew family. I give two examples, the first of 
which I shall describe briefly : the second, more 
particularly, as it is local, and at the same time 
shows perception of a greater variety of 
sensations. 

I t is in the leaves tha t this power of percep-
tion is most apparent. I n the Venus Fly-trap 
(Dionoea muscipula), an insectivorous plant 
growing in the swamps of Carolina, the leaf 
consists of two halves hinged to the mid-rib, 
and movable about it. In the middle of each 
half is to be found a highly sensitive spot, 
marked by three very fine, scarcely visible hairs. 
I n the normal position the two halves are spread 
ou t ; but if these hairs be touched, the leaflets 
clap together, the non-glandular tentacles round 
the margin interlocking like the teeth of a rat-
trap. If the leaf be touched in any other spot, 
no such result follows; not even when the mid-
rib itself is tried, where lies the motile organ. 
I n this plant, therefore, the sensation is first 
conducted through a par t of the leaf, before 
the reaction is externally visible: the points of 
contact and reaction, that is, the sense-organ 
and the motile-organ, are distinctly separate, 
and must be connected by a series of sensitive 
cells, along which the sensation is conducted. 
A similar separation of the sense-organ from 
the motile-organ is seen in the leaves of the 
common Sundew (Drosera rotundifolia), the 
most curious of our local plants, and found in 
spongy bogs and heaths. I t s distribution is 
given in Dickie's Botanists' Guide as of general 
occurrence, and amongst other places locally it 
is to be met with in comparative abundance on 
the Hill Of Durn, near Portsoy. The flowers, 
small, white, and opening rarely in sunny 
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weather, are set on a slender, wiry, leafless 
scape, standing from three to six inches high, 
and rising f rom the centre of a rosette of leaves, 
which are round and petiolate, and spread out 
horizontally o n the surface of the ground. T h e 
petiole, upper surface, and margin of the leaves 
are all covered with tentacles with apical 
glands, exuding a viscid fluid, especially when 
the sun is shining; and the appearance of the 
leaves then earns for the family its popular 
name of Sundew. The whole plant is of a 
reddish colour, showing the comparative absence 
of chlorophyll: and as the plant depends upon 
the substratum for little else but water, t he 
roots are accordingly small. There is no doubt 
tha t the Sundew benefits, if i t be no t nourished 
entirely, by the insects which it captures and 
absorbs. 

In the normal position the leaves spread out 
flat, with the tentacles e rec t : every tentacle 
head surmounted with bright viscid fluid, as 
With a dewdrop. If an insect,' attracted by the 
glitter, lights upon, and sticks fast in this fluid, 
its presence acts upon the tentacle head as a 
stimulus; and the resultant sensation is con-
ducted down the tentacle to the motile organ, 
which in this case is situated a t its base, before 
any reaction is apparent. Immediately t he sen-
sation is felt by this motile-organ, the tentacle 
bends towards the centre of the leaf, and at 
the same time the sensation is communicated 
to the motile organs situated a t the bases of 
all the other tentacles on the leaf, which all 
proceed to carry out the same movement ; and 
even the surface of the leaf bends in the same 
direction. The effect of all this is to bring all 
the apical glands together to bear upon the 
insect: and this is important t o the welfare of 
the plant, as these glands are the organs of 
digestion of the Sundew. The movement of 
the tentacles is quite slow when compared with 
the quickness of action of the Fly-trap : in the 
latter the insect is caught by the suddenness of 
the reaction, while in the former it is held fast 
by the viscuous fluid, so that speed may be 
dispensed with. A t first the fluid is neutral, 
and has no digestive properties, but if the cause 
of disturbance be an insect, or other small nitro-
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genous body, the apical glands emit an acid,, 
which converts this into a digestive fluid, some-
what similar to the gastric juice of animals. 
If, on the other hand, the stimulus is some-
small non-nitrogenous body—it must be of very 
insignificant weight, as, so delicate is the me-
chanism, more than sufficient pressure defeats 
its own object—of the cause of disturbance be 
a speck of dust or a gossamer thread, the same 
movement of tentacles and leaf will be observed, 
but the fluid will remain neutral. There will, 
in this case, be no acid reaction: the stimulus 
must contain soluble nitrogen to cause this. 
Af t e r the soluble part of the insect has been 
digested and absorbed, the leaf returns t o its 
normal position. 

F rom this description i t may be seen that this 
remarkable little plant is able by means of its-
sense organs to distinguish sensations, analogous 
to our sensations of touch, taste, and s ight ; and-
in the case of the first-named, at least, i t is 
able to distinguish between different degrees of 
the same stimulus ; for as we have seen, a very 
tiny touch will accomplish what is denied to 
a greater pressure ,and hence such disturbing 
influences as rain-drops have no effect whatever 
upon the leaves, so that the plant is saved a 
great deal of unnecessary labour. By its sense-
organ of taste it can distinguish between nitro-
genous and non-nitrogenous substances; and it 
may be seen from the closing of its flowers in 
sunny weather that it must possess sense-organs 
upon which the vibrations of light act as a 
stimulus. 

A t the point of contact no action is apparent 
at first: from the tentacle-heads, which alone 
are sensible, the sensation is conducted by 
means of what may be termed a chain of sen-
sitive cells t o the motile organ at the base of 
each tentacle; and this is analogous to the pas-
sage of sensations along the human nerves to 
the brain. In fact we may take the sensitive 
tip, tentacle, and base to be equivalent, al-
though in a, much lower scale of development, 
t o our tongue, nerves, and brain. 

We have seen from the action of its flowers 
in sunny weather that the Sundew is sensitive-
to the action of l ight ; and this is apparent 
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also in. the case of plants whose flowers close 
at night, or in the case of the pimpernel 
(Anagallis arvensis), the poor man's weather-
glass, where the flowers open only in sunshine; 
but leaves of plants generally go fur ther than 
this, and show themselves able t o distinguish 
between the two groups of rays of which light 
is composed. Here, owing t o the comparative 
absense of chlorophyll from its leaves, the 
Sundew will not serve as a fitting illustration: 
but any other plant around us will do. 

The source from which all plants containing 
chlorophyll derive their carbon is solely t he 
carbonic acid of the atmosphere, which is de-
composed under the influence of light by the 
cells which contain the chlorophyll. The first 
organic compound which can be detected as a 
product of this process is, in most plants, 
starch, which makes its appearance in the chlo-
rophyll-corpuscles in the form of minute gran-
ules.. For this process a. certain temperature 
and the co-operation of light are indispensable: 
and it may be demonstrated by filtering the 
light so as to exclude the blue and violet rays 
that of the different rays, which compose the 
solar spectrum, the least refrangible, the red 
and yellow rays, have the most effect in pro-
moting the preparation, of starch, f rom the car-
bonic acid of the atmosphere. 

Now, to secure the maximum effect of these 
rays it is necessary that the upper lamina of 
the leaf should be perpendicular to the falling 
l ight ; and this is secured by the sensitiveness 
to certain rays of light of a growing plant, which 
is called heliotropism. The action of light in. 
heliotropism properly belongs to the phenomena 
of sensation in plants, and is quite distinct from 
its action in the production of starch from car-
bonic acid, in which process light merely acts 
as a tool: and the name heliotropism is due to 
the fact that in this only the violet and blue 
rays are operative. 

Reactions due to sensations arising f rom 
heliotropism are readily recognisable. If a plant 
stands in an open field, where it! is equally 
lighted from all sides, the stem is erect, and 
the leaf surfaces approximately horizontal. But 
set such a plant to develop in the window of a 
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room so tha t t he rays of light f rom the side 
fall parallel t o the leaf-surfaces, in the least 
effective direction. The stem, however, re-
ceives more l ight from the window than, f rom 
t h e room; and this difference of degree of 
illumination works as a stimulus upon the sense-
organ, through which a reaction is set up, re-
sulting in t he stem slowly bending itself like a 
bow towards the window till the leaves are 
nearly vertical, when the reaction ceases. In 
plants which are tied t ightly to a stake, so tha t 
i t is impossible for such a curviture of the stem 
t o take place, the leaves will yet place them-
selves perpendicular to t he falling light. I n 
this case the heliotropism is exhibited in t he 
leaf-s tem; and observation will show tha t the 
leaf-surface itself acts as an organ sensitive to 
light, as f rom it proceeds the sensation t o the 
stem, which at least stops fur ther curvature. 
As soon as the leaf-surface reaches its perpen-
dicular position, although the stimulus arising 
f rom the different degrees of illumination of 
the two sides of the stem is still present, there 
is no fu r the r reaction, the leaf-surface being 
now in the most favourable position for carry-
ing on the process of starch-making. 

F r o m this i t is evident tha t t he leaf-surface 
exercises a controlling influence over the motile 
organs which cause the curving of the stem. 

In plants sensations arising f rom two so 
different causes, as the action of pressure and 
of light, may have a common form of expres-
sion ; and this we see in the sensitive plant 
(mimosa pudica), a dwarf shrub widely distri-
buted in the tropics, and here cultivated under 
glass. In this plant at t he insertion of each 
petiolule in the mid-rib of the bipinnate leaves, 
and a t that of the rachis o r leaf-stem in the 
branch lies a motile organ called the pulvinus. 
If such a leaf be touched, the pinnae fold to-
gether upwards, while the leaf-stalk bends down-
wards. Af ter a t ime the leaf becomes again 
erect, and the leaflets unfold, t o repeat the 
operation a t the next touch. The same reaction 
is produced, whether the pulvinus be directly 
affected, or indirectly from the surface of the 
leaf : the sensation is thus conducted by chains 
of sensitive cells t o the pulvinus, and from it 
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to each of the others situated in the same leaf, 
so that all co-operate in the movement. Here 
we have again, as we have seen already in the 
Sundew, the sensitive spot distinctly separate 
f rom the motile organ. 

From this i t may be seen that the mimosa is 
sensitive t o pressure or touch ; i t is sensitive t o 
the action of light and darkness also. If the 
plant be removed from the light into a darkened 
room, the leaflets will fold together upwards, 
and the leaf fall downwards, as if the leaf had 
been touched; to unfold and rise again erect 
when re-introduced into the light. In this 
plant, therefore, the sensations arising f rom the 
action of touch and light have the same form 
of expression; and we find a parallel in our 
own sense-organs, pressure upon the closed eye 
producing the same sensation as light, and upon 
the ear the same sensation as sound. 

In the examples I have given the reaction 
has been generally visible, and early traced t o 
the influence of sensation: the organ of sense 
being mostly in the leaf, and the stimuli ex-
ternal conditions of l i fe ; but it must not be 
concluded from this that the leaf is the only 
sensitive part of a plant. Most or all the grow-
ing tissue is sensitive t o external conditions, 
and may modify itself according to the changes 
thereof; but sensitiveness is lost with the power 
of growth. Perhaps the most sensitive part of 
the plant is the growing root-tip, and through 
it the growth of the root is influenced by 
gravity, temperature, moisture, and so on. 

All plants and parts of plants are naturally 
subject to the action of gravitation; and under 
its influence, roots, and particularly primary 
roots, in, the absence of any cause for deviation, 
grow straight downwards in the direction of the 
earth's radius. If the rootlet of a seed-corn 
finds itself out of its t rue direction, the force 
of gravity acts as a stimulus upon the sensitive 
root-tip, raising a sensation which is conducted 
backwards from the sensitive to the non-sensi-
tive mature tissue where lies the motile organ. 
This organ corrects the deviation by geotropic 
curvature of the roo t ; and this system of grow-
ing and mature tissue may be compared with 
the nerves and muscles of animals, the former 
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of which receive impression, while the latter 
carry out the operations which the impressions 
call for. 

Not only gravity, but also differences of 
temperature and: moisture, is the root-tip able 
t o perceive. Of different degrees of moisture 
i t is even more sensitive than of the influence 
of gravity; and in a dry soil, with damper spots 
in it, the root-tip will deviate f rom the perpen-
dicular to wander over the surface of the 
ground till i t strikes a spot of a greater degree 
of moistness, when it bends and bores down-
wards. If the root loses its sensitive tip it is 
helpless, and cannot turn where it would. 

The root-tip is, therefore, an organ of sense, 
and to a certain degree an organ of sense en-
dowed with instinct, from itsp ower of search-
ing for moisture and nutriment in the soil for 
the welfare of the plant. 

The reaction set in motion by the sensation 
may be by no means of a simple character; but 
may consist of a whole series of reactions, con-
tinuing to work through whole phases of 
development, such as germination and fructifi-
cation. Through such a sensation the germ is 
stimulated to development, to change its form 
and size till i t becomes a new plant or animal, 
resembling the organism which gave it birth. 

This series of illustration may suffice to show 
that sensation is common property of all living 
organisms, of plants as well as animals; and 
the old definition of the animal world as given 
by Linnaeus is not now sufficient, for that plants 
do feel is not t o be denied, and they have 
sensations similar to, and with many traits in 
common with, those of animals. 

In both we perceive stimuli of sensations in 
changes of actual life -conditions, and even in 
changes which evolve themselves internally. A 
slight impulse may give rise to a whole series 
of changes and developments, and the reaction 
is not necessarily proportionate to the stimulus, 
the same reaction being sometimes produced by 
stimuli of quite different forces. The reaction 
may be slow, completing itself after a long in-
terval, and is not confined to the spot where 
sensation is felt, but may take place at a spot 
far remote to which the sensation has been 
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conducted by the nerves, o r by a chain of 
sensitive cells. 

The sensitiveness of a p lant can be compared 
with tha t of the human body. As we dis-
tinguish hot and cold water, sunshine and 
shade, velvet, silk, sand. &c . , . and experience 
from each of them a particular sensation, so 
plants experience sensations from the action of 
gravity, sunshine, pressure, moistness, and 
chemical substances, and react upon these 
sensations generally for their greater welfare. 

On the motion of the Secretary, a hearty vote 
of thanks was awarded to Mr Thompson for his 
interesting and suggestive paper. 
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