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SCIENCE.

The Power of Movement in Plant, By
Charles Darwin, LL.D., F.R.8. Assisted
by Traneis Darwin. With Illustrations.
(Muray.)

Tre sum and substance of this book, which,

like all of Mr. Darwin’s, contains a great mass

of facts and generalisations, is efrcvmnuta-
tion ; &ll the various movements of different
parts of plants being modifications of that

Fhmﬂmﬁnon. This word stands for a ciren-

arly bewing motion of an organ, by which it

deseribas irregular ellipses, loops, or sigzags,
a8 it iz sneeessively directed towards all points
of the compass. The cause is an inereased
turgescence on the convex side of the organ,
which precedes growth, and which is then
followed by a similar turgescence on the other
side. If there be a pulvinus, which consists
of an aggregation of small cells arrested in
their development, then the increassd tur-
mescence of the cells on opposite sides is not
followel by growth, and the organ ean conse-
quently eircumnutate for mueh longer periods.
| **On the whole,” Mr. Darwin says, * we may
at present conclude that inercased growth, first
on one gide and then on another, is a secondary
effect, and that the increased tur, o of the
calls, together with the extensibility of their
walls, iz the primary eause of the movement of

sireumnutation " (pp. 2, 2}

The work contains mines of wealth of

THE ACADEMY.

motion, rising once up and once down in
the course of twenty-four hours in a vertical
plane. Some cotyledons, like leaves, are
provided with a pulvinns, and Mr. Darwin
finds that the difference between the move-
ments induced by the aid of pulvini and
without such aid is due to the expansion of
the cells not being followed by growth inthe
first case and being =o followed in the latter.
The tissues of the pulvinus are arrested, and,
consequently, the movements of pulvinsted
cotyledons last mueh longer than of those
without a pulvinus, Cotyledons are affected
“ paratonically”’ by light—that is, their
daily periodic movements are greatly and
quickly disturbed by changes in its intensity
or by its absence, showing that their move-
ments are not governed by the actual amount,
but by changes in the intensity or degres of

observations on cireumnutation, based on the
most minute and careful experiments upon
the movements of radicles, * hypocotyls”
and “ecpieotyls” of eeedlings; al=» upon
flower-stems, stolons, and leaves ; the ““hypno-
tropic ”' or sleeping states of leaves being also
brough: about by modified circumnatation.
The motions of climbing plants, and the
influences of light, gravity, and other stimuli,
are fully discussed in their bearings upon the
enhjeck

Commencing with radicles, we leam that,
as soon as the tip has protruded from a seed,
it begins to circumnutate, the use apparently
being to aid it in penetrating the soil, by
euiding it along the lines of least remstance,
and especially into eracks, worm-burrows, &e.
Mr. Darwin observes that * geotropism,”
which is a wealk foree, does nob give a radicle
sufficient power to penetrate the ground, but
merely tells it which course to pursuz. The
actual penetration is due to the forces of
longitudinal and transverse growth. An
ingenious contrivanco for growing radicles in
eireular holes ent in split pieces of wood or in
wooden clips conneeted by a spring showed
that the force exerted in the first case, as a
transverse strain, was probably more than
8 1bs. § oz, and in the latter case 5 lbs. 4 oz.;
while the apex increased in length with a
force eyual to at least a quarter of a pound.
I would venture to suggest a possible source
of errar in the experiment with the pincers,
for they only show the least amount of foree
requisite to open them to a stated distance.
There ‘s nothing to show that, if the spring of
the clis had been Lhree times greater than it
was, the radicle could not have just as easily
opened them to the same chsta.uce,_ for it
might have possessed, and probably did pos-
sess, much greater transverse power ; but, tJ_‘;s
diameter of the radicle at any point not in-
ereasing beyond the requirements of growth, it
cotld not possibly widen the clips to the full
extent of the power possessed. The result of
these forces is that the radicle acts like a
powerful wedge driven slowly into a erevice
and expanding simultaneously.

The author then describes how the arched

“ hypceotyls "' (an abbreviation for “ hypoco-.

ledo: axes”) and “epicotyls,” or
?lz?aio;?rg p]ut_nu].)ei, vise up and break
through the soil by means of t!mir circam-
nutation, assisted by apogeotropism—that is,
as far as the resisting medinm will allow of
it, The eotyledons are also in constant

light. M- Darwin next deals with the sensi-
tiveness of the apex of the radicle to contact
of solid bodies or to other irritants. An ob-
ject which yields with the greatest ease will
deflect a radicle. That of a bean encounter-
ing the polished surface of extremely thin
tin-foil laid on soft sand made no impression
on it, but yet was deflected at right angles;
while the curvature of the upper part extended
for a length of 8 to 10 mm. The results of
Mr. Darwin's experiments weré that the.apex
was sensitive to contact, and that an effect
was transmitted to the upper part of the
radicle, which was thus excited to bend away
from the touching object. Sachs discovered
that the radiele, a little above the apex, is
sensitive, and bends like a tendril fowards o
touching object. But when one side of the
aper is pressed by any object the growing
part bends ewey from the object, and this,
Mr. Darwin observes, seems to be a beautiful
adaptation for avoiding obstacles in the soil.
This, toc, appears to be the only kaown
instanee of an organ bending away from an
object in contact with it.

An exjuizite series of experiments was
made by affixing cards, thin glass, &, to
the tips of radicles, which consequently eurved
away towards the opposite side—in some cases
to such a1 extent as to make complete hoops
or even knots! The motion is affected by
different degrees of temperature; and so
small a foree as the two-hundredth part of a
grain sufliced to excite movements in some
radicles of the bean. Radicles are also sensi-
tive to prolonged irritation, without any
objects being permanently fixed upon them ;
and, in eomparing effectz of an irritant with
geotropism, the author found that
‘ the initial power of an irritant on the apex
of the radicle of the bean is less than that of
geotropism when acting at right angles, but
greater tian that of geotropism when scting
obliquely on it " (p. 154).

Mr. Darwin found dry caustic to preduce
gimilar effects. He also discovered that

« g thin elice removed by a razor from one side
of the conical apex of the radicle causes irrita-

tion, like that from an attached object and
indueses enryatura from the injured surface ™

(p. 150).

Sachs has shown that pressure at the distance
of a few millimitres above the apex causes
the radicde to bend, like a tendril, towards
the touching object. Mr. Darwin corroberates
this, as also another of Sachs” discoveries, that
the radicles of many seedling plants bend
towards an adjoining damp surface. This
peculiar form of sensitiveness resides in their
tips, which then transmit some influence to
the upper part, causing them to bend tovards
the soures of moisture,

Mr. Darwin next describes the circum-
nutating movements of the several parts of
mature plants. A number were selected from
different orders, and especially woody plants,
as being less likely to have circumnutating
stems, bobt the result showed that it is a
universal phenomenon, the enrves described
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being more or less irregular ellipses, the
longer axes of which are directed to different
points of the compass, often interrupted by
zigzags, triangles, loops, &e. Stolons and
runners form no excepfion, though circum-
nutabivg ina very complex manner, being so
great in amplitude as to be almost comparable
to that of climbing plants. They are thus
aided in passing over obstacles, &e,

With leaves Mr. Darwin found it to be so
general that he concludes it would not be
rash to assume that growing leaves of all
plants cireamnutate, as iz probably the case
with cotyledons, The seat of the movement
generally lies in the petiole, but sometimes
in the blade as well. The periodicity of the
movements of leaves is peculiar.  They
generally rise a little in the evening and the
early part of the night, and sink on the
following morning. It is determined by the
daily alternations of light and darkness.

After having described circummnutation as a
general phenomenon of growing organs in the
fifth chapter,"the author enters upon the field
of * modified eircumnutation "—that is, where
this has beeome utilised for special purpeses.
He had previously and elsewhere described
the processas of elimbing plants, and now enly
observes that it is an amplified state of circam-
natation, probably due to a moderately
inoreasod growth spread over o considorsbla
length of the moving organ, preceded by tur-
wesoenee and acting successively on all sides.

Two chapters are devoted to a fall and
apparently exhaustive discussion on the eleep
or nyctitrepic movements of leaves. These
consizst of the phenomena of an upward or
downward movement of leaves and leafiets,
of the felding along the mid-rib, of the
rotating on the pedicels, &ec., the general
result being either to protect the wupper
surfaces by covering them one upon another,
by erowding the leaves together; or by plazing
them vertically. In every case the olject is
to avoid the evil effects of radiation into the
open sky; for Mr. Darwin has proved that
leaves compelled to remain horizontally 4
night suffr much more from radiation than
when placed with their edges vertical. One
would like to ask the question whether this
will aceount for the phyllodinous species of
acacia, as well as the gum-trees, having their
foliar organs so often vertical, instead of hori-
zontal, in Australia.

Movements excited by light and gravita-
tion ocenpy the mext four chapters, while
the twelfth and last deals with a general
summary and concluding remarks,

Heliotropic movements are determined by
the direction of light, while periodic mave-
ments are effected by changes in its intensity,
and not by it direction. Mr. Darwin shows
that a heliotropie motion (towards light),
apheliotropic (away from light), diahelio-
tropic (taking up a position transverse to
light), and paraheliotropic (avoiding intense
light} are ¢l forms of cirenmnutation ; thoagh
how the actual causes—themselves not
always lnmown—aet in  producing these
effects is unknown at present.

The manoner in which organs of plints
move towards a lateral light shows that it is
evidently the movement of eircummutaiion
which gives rise to or iz converted into
heliotropism, &e. This view is borne out by
the existence of every possible gradasion
between a straight course towards a lateral
light and a course comsisting of a series of
loops and ellipses. The transmitted effects of
light are curious. While observing the
accuracy with which the cotyledons of
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Phalaris canariensis became bent towards
the light, Mr. Darwin found that the upper
part bends first, and afterwards the bending
gradually extends towards the base, and even
to a short distance below the ground (one-
fifth of an inch), though it seems probable
that a simultaneous stimulus of the lower
part by light greatly favours its curvature.

The motion produced by apogeotropism
i3 sometimes remarkably straight, though
generally complicated by zigzags and ellipses,
showing that it is clearly an adapted form of
circumnutation, a rectilinear course being
merely an extremely modified form of it. An
organ which, while young, is extremely sensi-
tive to apogeotropism, ceases to be so as it
grows old.

Greotropism is, of course, the exact opposite,
and finds illustration in all growing roots,
though secondary roots and rhizomes are more
generally diageotropic, and take a more or less
horizontal direction.

Perhaps the most remarkable instance of
airial organs being geotropie is that of plants
which bury their seed capsules, as 7rifolium
subierranewm. The various adaptations of
the peduncle, of its abortive tlowers, &c., are
extremely curious, and are especially worthy
of perusal. One chief good, Mr. Darwin
suggests, is the protection of the seeds from
animals. But as the other fruits not buried
rarely yield seeds, it seems that the absorptive
power of the hairs which clothe them, and
which show ¢ aggregation ”” on the application
of carbonate of ammonia, would indicate that
they are liable, when exposed to insufficient
nutrition for ripering their seeds, not to
mature at all,

With regard to the geotropism of radicles,
it appears that the tip (from 1 to 1°5 mm.)
is alone sensitive, and, when excited, causes
the adjoining parts to bend. This was proved
by cutting off or¥cauterising, as well as by
covering the tips with grease. Mr. Darwin
remarks :—

“To see anything of the above kind in the
animal kingdom, we should have to suppose
that an animal, while lying down, determined
to rise up in some particular direction; and
that, after its head had been cut off, an impulse
continued to travel very slowly along the nerves
to the proper muscles; so that, after several
hours, the headless animal rose up in the pre-
determined direction” (p. 543).

The last chapter is a general summary of
the contents of the book. The work is of the
profoundest interest and importance, but
mtensely hard reading. In the vast accu-
mulation of minute details it almost out-
Darwins Darwin! But botanists will agree
that its great value lies in collecting, testing,
and proving the truth of a large series of
facts and in bringing them into one common
bond—that of “ circumnutation.” Starting
with this as an inherent property due to
turgidity of fissues and growth of all organs,
the various specialised motions of the parts of
plants are due to its modifications in adapta-
tion to external conditions which themselves
set up the changes, such external conditions

being light, mechanical irritations, &e.

| In fig. 1494, of Desmodium gyrans, the
| two small leaflets of each leaf seem to be
accidentally omitted. They were possibly
not photographed in consequence of their
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continual jerking, and so shifting ¢

gitions, It would have been deslmu

them from the living specimen.
Grorce Hg

OBITUARY.

MR. JOHN GOULD, F.R.S,
ORNITHOLOGISTS, as well as lovers |
tuous books, have sustained a griev
the death of "'l.'[r John fimﬂd F.Ri
took place at his house in Lﬂnm‘h
the 3rd inst. Born in 1804 at Livn
from early years he showed a love fy
pursuits —fishing, shooting, and :
together with the p1r01”nl study o
history. Botany and floriculture wer
these tastes before he was twe nty by a
at the Royval Gardens, Windsor, unda
of the late Mr. J. T. .r\l‘tm In 18 338 )
visited Australia, and wes greatly o
Gove LumLuL l:ll...l:t?illll rtlons in a.cquiris
prehensive knowledge of its fauna
return in 1840, he :11‘ once lwfcnm to p
1E"-11|1L-{‘.If]llhl!l"v’bbtlgdtlulh. J_Ltuhht_
work, A {.«r-:"fff-'tf‘l-'f '.{f' H;'u.-'-'l".f_fl.'-r B
already appeared in 1832, and, toge
other ornithological studies, he had
The Birds of Europe, in five wvolus
i 1837. Mr. Gould hes produced
succession, when their laborious ch
borne in mind, The Birds of Australis
folio volumes (141\\ and The M
Australia ; The Birds of Asia, The Bin
Gruinen, also in folio, W1th coloured pl
The Birds of Greal Britain, five foli
(1862-73), with an octavo Introdudge
work by which he is perhaps best
lovers of our native birds. This exqu
cost twelve years’ labour; all the illi
(by Wolf and Richter), every sky, @
teather of each bird, having been e
hand. To open the book at random
upon such an illustration as that of
cineraceus (Montagu's harrier) stand
mole, which puts upone forepaw as if to
further injury, would alone show the
and artistic taste of this dHf]Iﬂ]Jtlﬁ:. 1
gist. These great works, which might
1sfy the lltuar}' ambition of most men,
a tithe of the laborious monographs s
which Mr. Gould published. Men
only be made of his monographs
Ramphastidae, Trogonidae, and Odont
(the American partridges), and es]
gorgeous book on the humming-b
chilidae), and the equally useful one, !
book of Awstralian DBirds, publishe
volumes octavo in 1865, which enume
than six hundred and fifty varieties of
that country. _lnﬁfduf1gﬁhin As was
producing papers on his favourite &
was far exceeded by Mr. Gould’s achi
to 1873 the catalogue of scientific pa
piled by the Royal Society shows th
contributed 229 papers to science. D
the seventy-seven years to which M
life was spared been better spent by
natural history. Theimpulsewhichh
writings and their beautiful illustrs
given, nof ouly to his particular
also to the development ot coloured 1
cannot easily be estimated. Like
(-‘J-fI tll'tt Il'l[il“ .‘ﬂl (}[lul[l.-"*-' ‘!ZI ok
command his *]1] rices, as much from
a8 their usefulness, lhn owe mutl
attractiveness to that love of nature al
pursuits which so often led 11111 witd
eyes and reflective mind, to seek ré@
the Thames, for, like nlmnh other

Gould never for got his studies in
ments,

l;?" the death of Baron Ereole D
Special branch of practical astronoi
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