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The painstaking fsposition and the wonderful
ability for rescarch into every depariment of nat-
ural history displayed Ly Mr. Darwin are so well
known that no gne feels 1n the least surprised at
anew volume from his pen every vear. The
mystery of his rapid work, however, is fully ex-
plained when we learn that the researches which
are recorded with so much accuracy and in such
strict chronological order have heen made at in-
tervals during the last fifty years, and conscien-
tiously noted down at the time, so that from day
to day the mass of material grew, and all that
now remains to be done is to arrange Itin
presentable shape, collate it, draw out
Bt suitable length the conclusions to be deduced
“trom 1t and prepare the whole for the printer.
Most people have small idea of the amount of
work that can be accomplished by doing a little
every day,and such need only to be referred to the
ponderous volumes of Darwin, filied not with
speculations, but with stubborn facts and figures,
from which others may draw whatever conclu-
sions please themselves. Those who think of
Darwin only as a man who believes the human
race descended from monkeys, greatly miscon-
eeive the character of the man, and need to in-
form themselves by the perus-l of his later

works.
FERTILIZATION OF PLANTS,

The last book of Dr, Dirwin is on & subject not
at all popular, but neverthecless of far more im-
portance than might,at first glance, be supposed.
The question of the fertilization of plants is one
which in effect concerns all animated nature,
since, were the flowers of plants not fertilized,
the plants themselves woula leave no successors,
whole species woll become extinct, ere many
years there woul no green thing upon the
carth, and consequently no life of any kind. The
fertilization therefore becomes a matter of consid-
erable consequence, which is not at all diminished
by the fact of its being silently and almost imper-
ceptibly carried on. The attention of botamists
has often bedn called to the fact that many olass-
es of plants are self fertilizing, a flower deriving
the pollen which 1enders it fruitful either from
some part of itself, 8r from some other flower on
the same plant. Thongh this curions cireum-
stance was frequently mentioned, and occasion-
ally commented on, no one ever appeared to sus-
pect that it had anything whatever to do with
growth or development of plants, and until Dar-
win entered the fleld of research, nobody ever
thought of enquiring what was the effect of this
sclf fertilization. The great author of the “*De-
scent of Man’® was therefore the first to make
original investigations 1n this flcld, and ascertain
by actual experiment, and observations contin-
ued at intervals through many years, the truth in
this matier.




TR
CROES-FERTILIZATION.

There is weighty and abundant evidence that
flowers of most plants are constructed so as to be
sionally or habitually cross-tertilized by
polles from another flower, produced either by
the same plant or by another of the same species.

; This is sometimes ensured by the. sexes, for
- plants have s2x as well as an{mals, being separat-
| ed, and in & large number of cases by the pollen
and stigma of the same flower being matured at

different times. It Is made certain In other in-
stances by mechanical contrivances of wonderful
beauty, preventing the imprexnation of the flow-
ers by their own pollen. In others the same end
is eftected by the irritability of the stamens,which
when touched by insects, iy up like rcleased
springs, and dust the intruders with pollen. This
is in this manner transported to other flow-
ers, and these are fertilized. There is a class of
plants which absolutely refuse to be fertilized by
pollen from the same plant, but can be fertilizea
' by pollen from any othier plant of the same spe-
cies, and not a few classes are sterile with their
own pollen. There is finally a large class In
which the flowers present no obstacle to self-fer-
tilization, but, notwithstanding this fact, these
plauts are frequently crossed, owing to the great-
er potency of pollen from other plants over thatl
of their own. These facts, with many of kindred
nature that might be cited, determined Darwin to
investigate the whole subject, and sce what ad-
vantage, if any, accrued to plants from cross-fer-

tilization.
THE ADVANTAGES.

Since plants are adapted by such diversified and
effective means for cross-fertilization, it might be
fnferred from this fact alcne that they derive
some great advantage from the process, and it is
the object of Dr. Darwin's work to show the na-
ture and importance of the benefits so derived.
There are, however, some exceptions to'the rule
of plants being constructed s0 as to fuvor cross-
fertilization, for some plants seem to be invaria-
Lly self-fertilized; vet even these relain traces of
bhaving been formerly so adapted. The excep-
tions, however, need not make us doubt the
truih of Lhe above rule, any more than the exist-
ence of some few plants which produce flowers,
and yet never get seed, should make us doubt
that flowers are adapted for the production of
seed and the propagation of the species. The
fact should always be kept in mind that
the production of @ seced 1is the chief
end of the plant, and the direct object
of the act of fertilization, and this can be gained
with more certainty by self-fertilizing plants
than by others. Yetit is as plaic thatinnumerable
floweras are adapted for cross-fertilization as
that the teeth and talons of a carnivorous animal
are adapted for catching prey. Klowers, there-
fore, are constructed go as to gain two objects,
which are to a certain extent antagonistie, and
this explains many apparent anomalies in their
structure. Some flowers are closed in such a
manner that eqlf-fertilizatlion can not but ensue,
while others arp open, becaunse there must neces-
sarily in cross-Tertilization be a great waste of
pollen, in order that by insects and other meaus
a few grains may reach their destination.




DARWIN'S EXPERIMENTS.

The adaptation of flowers for cross fertilization
was made the subject of experiment by Darwin
for thirty-seven years,and the accuracy of knowl-
edge at which he arrived was wonderful. To cite
a single instance, he discovered in the case of the
pasogueria fragrans that the stamens were irrita-
ble, so that as soon as a bee or moth visits a
flower the antlers explode and cover the 1nsect
with pollen; onec of the filaments, broader than
the others, then moves and closes the flower for
about twelve hours, after which time it resumes
its original position. Thus the stigma can not be
fertilized by pollen from the samc flower, bat
only by that brought by a moth from some other
flower. Numerous other beautiful contrivancea
for the same purpose could be specified. It oc-
cured to Darwin that it would be advisable to try
whether seedlings from cross-fertilized flowers
were 1n any way superior to those from self-fer-
tihzed flowers. But as no instance has been
known with animals of evil occurring from the
closest possible interbreeding,he thought the same
rule would hold goodin regard to plants, and
that it would be mnecessary to experiment at too
great length and with too many successive geu-
crations of plants. He was induced (o enter upon
the experiments recordea in this volume of 500
pagzes by accidentally planting close together two
beds of self-fertilized and crossed scedlings from
the same species of common Lmaria. To his
surprise, the crossed plants, when fully grown,
were plainly larger,taller and more vigorous than
the self-fertilized. Believing it impossible that a
single act of self-fertilizacion could produce such
results, he sought for some other cause, but
could find none, and therciore was compelled,




"in order that all might be subjected to cxactly the

sgmewhat reluctantly, to admit that there was
more in the theory than he could account for.
HIS METHOD OF PROCEDURE.

His attention being fully aroused by this queer
discovery, ho proceeded to institute a series of
observations not confined to any one species of
plants, but extended indiscriminately to all. He
selected certain plants gand in order to be abso-
lutely certain that no fértilizazjon from the pollen
of other plants had taken place, he covered the
entire plant with a netting which effectually kept
away all insects. The flowers of these plants
were artificially and ‘with great care fertiliZed
with their own pollen, and when the sceds were
ripened they were gathered, laid away and
marked for future experiments. Care was taken
that the seeds were t!\droughly ripened before be-
ing gathered. Afterwards the crossed and self-
fertilized secds were placed on damp sand on op-
posite mides of a glass tumbler, covered by a glass
plate, with a partition between the two lots, and
the tumbler was placed on the chimngy-piece in
a warm room. He was thus able to observe
the germinauion of the seeds. Sometimes
a few would germinate on one side before any
on the other, and these were thrown away. But
&8 often as a pair germinated at the same time,
they were planted on opposite sides of a pot, with
a superficial partition between the two, and he
thus proceeded until from balf a dozen to a score
or more seedlings of exactly the same age were
planted on the opposite sides of several plots. If
one of the plants became sickly or was in any way
mnjured, it was pulled up and thrown away, as
well as its unugoni‘n on the opposite side of the
same pot., The remaining seeds were sown very
thickly on the opposite sides of single pots, and
when the plants began to grow there was, of
cuurse, a very scvere struggle for life between
thewa. The hardiest survived and were carefully
measured, and the difference in growth ascer-
tained in every possible way, The eye alone was
never trusted in determining any diflerence ; ci®se
measurements alone were used in all cases.
This plan, porsued through several generatidns
of plants, and with the exerclse of the utmost care

same conditions, was productive of some very
singular reaults,




THE VARIETY OF PLANTS.

Asalready stated, the experiments were not lim-
ited to any family or species of plants. Hundreds
of every kind were subjected to the same con-
ditions, and i1a the majority of cases, with the
same general results. The Convolvwlacesr, the
Schrophulariacer, Gesmmeriacee, Labeate, Cruci-
Serae, Papaveracea, Resedacee, Geraniacea, Le-
guminose, Onagracee, Solunacem, Primulacems,
Polygonece, with all their subdivisions, were
experimented on, and in every case but one or
two, Lhe result of the experiments showed that
the self-fertilized plants were inferior in size,
strength, bhardiness and other important par-
ticulars to those cross-fertilized. A curious ex-
ception was furnished by a specimen of the Con-
volrulus Major, which Darwin named *‘*Hero."’
This plant, though sell-fertilized, grew to a
beight far exceeding that of the cross-fertihized
plants, and sirange to say, transmitted its power
lo its descendants, so that the average height
of six seedlings derived from it was seventy-
four inches, while that of cross-fertilized
plants was only 62 inches. This difierence was
more apparent in the seedlings still further re-
moved, since the descendants of Hero continued
10 increase in size and strength as long as Darwin
conlinued his experiments. One curious result
of self-fertilization, which neither he nor any one
else had ever before obsérved, was the fact that
the flowers of self-fertilized plants were always of
the same hue, and each was in every respecta
counterpart of all the rest, while the flowers of
cross fertilized plants were full of variety and di-
versified beauty. This was obscervable nat only
n flowers, but in the =ceds or fruit also, and an
easy explanation is here found for the appearance
in natare of new species of plants, the cross-fer-
tilization carried on by Insects and other means
readily giving rise to novel forms of vegetable
growth.



THE HADITS OF INSECTS.

The habits of insects have much more te do
with the growth, development and fertilization of
plants than is generally supposed. Bees and va-
rious other insects appear to scarch for nectar
and pollen by instinet, but their instinct is by no
means infallible, sincé they often visit Sowers
which secrete no néctar whatever, and still
oftener those which have already been exhausted
by other insecis. All kinds of bees usually visit
the same species of flowers as long as they can
before going to others. This fact was noticed by
Aristotle, and has been repeatedly commented on
by him and others. Humble bees and hive bees
are good botaunists, for they know that flowers
may differ widely in coler and yet belohg to the

 same species. They are evidentlv gnided, how-
ever, in no small degree by color, for Darwin
found that by cutling ofll the bright colored petals
of certain flowers the bees pnssed by the nectar
contained in the remaining portions, though every
adjacent flower was puwped completely dry.
The haumt of sucking the nectar from
the flower gencrally =Drings tho insect
in contict with the pollen, which is thus trans-
ported in its body te other flowers, and thus
cross-fertilization 1s carried on. It is strange that
either (he taste or the odor of the nectar of cer-
tain flowers must be unaitractive to bees, for
there are flowers which produce nectar in large
quantities of which the bee will not take a drop,
while other flowers secrete a very small amount
which is eagerly sought after by all kinds of in-
sccts. ' Some flowers secrete nectar only when
the sun is shining, and the bees visit them at no
other time, for Darwin noticed that as soon as
the sun was overclouded, the visits of the bees
siackened, and soon ceased. There are other
flowers which are so deep or so peculiarly con-
structed that insects can not reach the nectar in
them, and the humble bees get round this diffi-
culty by cutting a hole 1n the side of the flower,
advantage of which is immediately taken by all
other kinds of insects.




THE INDUSTRY OF BEES.

“‘As busy as a bee’’ has long ago passed into a
proverb; but one needs to read Darwin’s last
book to appreciaté the full force of the adage.
Ilees endeavor to lose as little time as they can,
and it has often been noticed that, when a flower
has several necctaries, they try one, and, if it is
empty, they do not touch the others, but instant-
ly leave. They thus traverse a great deal of
ground before rctur&uu; to the hive. Even in the
cuse of esocial plants, of which bundreds of
thousands grow together—as with clover and
heath—every single flower is visited. They fly
very quickly from plant to plant. Darwin noticed
that in one minute & humble-bee visited twenty-
four flowers, while in the same time another yis-
ited twenty-two, and a third seventeen. In the
course of fifteen minutes a single lower was vis-
ited eight times, by as many humble-bees, while
in nineteen minutes every flower on a plant of
Nemophila was visited twice. In one minute
six flowers of a campanula were entered by a pol-
len-collecting bee, and bees when thus employed
work slower tham when sucking nectar. One
plant bore 280 flowers, and each flower must
have ULeen visited at least Lhirty times a day for
several days. The frequency of the visits of
bees is also shown by the manver in which the
petals are scratched by sheir hooked tarsi. Large
beds of flowers are often seen with their beauty
sadly defaced. The humble-bees are often un-
able to enter flowers, and generally cut holes in
such varieties, but it s very curious to see how
the hive bees immediately profit by the holes
thus made, and resort to them instead of going
to the petals, .8o persistent is the force of habit,
even with a bee, that Darwin has seen the hive
bees, afier visiling specimens of Phaseolus which
had Leen bLitten by the humble-bees, go to one
that had not been perforated, and finding no
hole, instantiy fly away instead of going to the
petals, as Lhey are able to do. The impulse
which prompts bees to cut holes 1n flowers is evi-
dently a desire to save time, since it is no easy
task for them to climb in and out of large flowers,
and much time is thereby lost. The co-operative
system, so profitable to social insects, is thus
traced ovt in an unexpected direction to an un-
looked-for conclusion.

THE GENERAL RESULTS.

The conclusions drawn by Darwin from his ob-
servations are such as becbme his talents and
aptitude for research in natural history. The
first and most important is that cross-fertilization
is generally beneficial in plants as 1n animals,and
self-fertilization more or less injurious. Of the
latier proposition there is abundant evidence,
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even more perhapg than in the case of the form-
er. Itis true thaf plants can be propagated by
sclf-fertilization rough many generations, but
the tendency is dlways to decline, and there i3
no doubt that extinction will ultimately result.
The benefits of qross-fertilization, on the other
hand} are traceable in the extraordinary number,
character and ingénuity of the means for the end.
Self-fertilization assures the production of a large
supply of secds, and the necessity of this will be
determined by, other conditions in the
life of the plant. The possibility of cross.
fertilization depends mainly upon the presence
and number of certain insects, and on| the de

gree to which they are attracted by certain flow-
ers in preference to others, all circumstances
likely to change. The advantages of crass-fertil-

|

izatlon do not follow from some virtue ilu.he pol-

len of one that is not possessed by the other, bat
from tneir having been gubjected for geherations
to different concitions, or to their having varied
in a manner commonly called spontaneous. The
next most important conclusion is that t‘m injury
from self-fertilization follows from the want of
some vivifying principle supplied by another
plant. The utility of these and similar observa-
tions is sometimes gquestioned by persons who are
unable to see what zood will directly result from
them. Butitis safe to say that no increase to the
sum total of human knowledge is without good.
It is the patient observer, laboring in obscurity,
and often in poverty, through scores of years,
unrecognize® by the world, unknown and uncared
for by the mass of mankind, who gathers data
from which the grand edifice of pnncl’plel un-
derlying the entire philosophy of the age is con-
structed, .|




