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In 1793, the German naturalist,C. K. Sprengel,
first callea the attention of botanists to the sub-
ject of the cross-fertilization of flowers, in a re-
markable book entitled **The Secret of Nature
Displayed.” The most important discovery
prociaimed by the author was that of the essen-
tial part which insects take in the fertilization of
many species of plants. Sprengel’s revela-
tions Wwere Dot succeeded Dby any
further tabl devel ts until Dar-
win published, in 1837 his obeernuom
upon the fertilization of the kidney-bean :::j‘
turee years later, a work “On the Contriv:
by Which British and Foreign Orchids
Are Fertilized by Insects.” Since the
appearance of the latter work, many
students of Nature have been engaged in
investigating the secrets of the fertilization of
plants, and much valuable light has been
thrown upon the inviting subject. Mr. Darwin
has given more or less time to experiments in
this direction during the last thirty-seven years.
An interesting section of his work on * Animals
and Plants under Domestication,” gave many
curious results of his observations, and the book
pow before us states the evidences gained by
elven years' study of the question with particu-
lar reterence to the effects of close interbreed-
fng, and to other points connected with the sub-
juct of heredity.

The bulk of this last volume is devoted toa
detailed account of the experiments practiced
with plants, and of the testimony on various
points which these have afforded. Every one
who knows anything of Mr. Darwin’s methods
of study will understand how cautiously his
invesiigations were conducted, and with what
scrupulous pains and honesty their products
were noted. The popular reader will satis-
fiedd to resign to the practical botanist on ex-
amination of this portion of the book, and give
exclusive heed to the final chapura, which sum
up the discoveries made, and the conciusions
to which they have led.

Mr. Darwin has obtained abundant proof that
the majority of plants are bencfited by cross-
fertilization,—that is, by having their
fructitied bv Yollen from other plants, or at
l:‘ast from other flowers on the same plant.

Many species will not bear seed unless they are
fc d by pollen from other flowers: and,
Rirain, many s mmnunne fertile and luxu-
rant, aitbough for generations the flowers re-
ceive none but their own pollen. There is an
infinite diversity in the habits of plants ib this
respect ] nevertheiess, it is conclusively shown
tiat, in the greater number of cases, the seed is
more plentiful, and the seedlings are stronger
when cross-fertilization has been effected.




The means by which cross-fertilization is ac-
complished are: first, insects of the orders of
H ymenoptera, Lepidopters, and Piptera, and, in
some parts of the world, birds: second, the
wind ; and, third, with some aguatic plants, car-
rents of water. The conspicuous colors and the
odors of flowers serve to attract insects which
visit them to feed upon their stores of pollen
and of nectar. Sprengel, Darwin, and others,
suppose that not oniy the bright colors, but the
stripes and marks on flowers, exist for the pur-
pose of guiding insects to the mectary. Not
a few flowers are both couspicuous and odor-
iferous. White is the most common celor, and
is the most often associated with fragrance. Of
red fluwers only 8.2 percent smell sweetly, while
of white ones 14.6 per cent are sweet-scented.
Most flowars which depend on twilight or night
insects for fertilization emit their odor exclu-
gively in the evening.

All ordinary flowers are so far open when in
full bloom that insects can force a passage into
them, but, by being so constructed, they are
Hable to a great 1oss of pollen, from the wash-
ing of rain as well as from pollen-eating insects.
To provide against injury m this loss, much
more pollen is produced than is needed to fer-
tilize the lower. A blossom of the Dandelion
will produce 243,600 grains of pollen, and a
Pzony, 3,654,000 grains. It has been estimated
that, in the flowers of the Wistaria, there are
7.000 grains om for every ovule. A single
flower of the iscus will produce 4,863 pollen-

rains, whereas onl{ sixty are needed to fertil-

all the ovules. bear the pollen ad-
hering to their boaies, from flower to flower,
over great distances. Frequent instances are
recorded of their thus carrying it a half a mile.

Darwin asserts, with more i than
2 usual to him, that we owe the beauty and
the odor of flowers to the existence of msects,
various modifications in their structure he also
belicves to have been developed for the sole

of attracting these winged visitors. It

been proved that large and flowers

are much more frequently visited by ipsecis
than are small, mconspicuous ones ; hence these
last are completely fertile. Asit is highly

to ayoid the wisits of insects, or if
they have merely retained their ve
condition. In either case he considers it unlike-
Iy that they have been, or will continue to
subjected to self-fertilization for a long series
verations. Were they not oceasionally cross-
crtilized, and benefited by the process, he thinks
they would probably become permanently ¢
&8O \As altogether to prevent cross-fertilization.
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The fact that bees gathering honey, and in-
secis fecding on pollen, confine themselves as
long as they can to flowers of the same species,
favors the cross-fertilization of plants. Aris-
totle noticed this fact 2,000 vears ago,
and modern observers have confirmed it
by finding that hive and humble-bees gen-

rally keep to one species of ﬁovmm
er ficid. until all in turu bave been The
: save

reason of this is to time, as the
insect, having mmwd how to stand in the
‘best position on the flower, and just where and

bow far to insert its proboscis, can work faster

visiting the same species than when continu-

y changing. As to the number of flowers
which bees visit in a given time, Darwin bas ob-
served that in exactly one minute a humble-bee
visited twenty-four flowers of the Linaria cum-
balaria; another visited in t.lp_eumeﬁme

on two plants of a Dephiniom. With-
in ﬁ!teenpminm.dngle fiower on the sum-
mit of an Eonethera was visited eighi times by
bumbie-bees ; in nineteen minutes every flower
ou a Nemophila weas visited twice: and in one
minute a pollen-collecting hive-bee, which works

.:ocinglcday. U circumstances like these
wers can hardly esc
Buthuwmm*m.d“




the nectary of flowers, and sucking the honey
t this, instead of reaching it by the
mouth of the flower, where they must nearly in-
evitably aid in the process of fertilizafion.
When ble-bees have set the example of
biting into a nectary from the outside, hive bees
are quick to imitate them, and often a whole
field of plants of a certain species will be served
in this way. [tis a quicker method in the end
to suck h through an artificial hole in the
flower, and Darwin suggests that the bees which
Stop to cut the may sacrifice their time
for the sake of the of the community.

It 1s supposed that the first plants whoich ap-
peared upon the earth were cryptogamic, and
that. when flower-bearing species were devel-
oped, before the existence of insects, they de-

nded upon the wind for cross-fertilization.

species still continune tobe fertilized mainly
b agency, and these, as a whole, stand in
a lower grade than the plants fertilized by in-
sects. The amount of pollen produced by wind-
fertilized or anemophilous plants, as y are
m&eﬂ, i:iumt ous, as t&m{ must be h: -
W e !‘mm O8t persons ve
served the clouds of pollen that are blown from
coniferous trees, when in bloom, by every gust
that passes by.

Instances are cited where basketfuls of pol-
len, chiefly of the conifers and grasses, have
been swept to the decks of vessels near the
%onh-Amerhn fooa.st.. Prof. l:lley, the h‘:u::e

ntomologist of Missouri, ates ¢
has seen the ground in the vicinity of St.
Louis yellow with the pollen of the

ine, which there was good reason to
lieve had been transported from the pine-
Torests 400 miles to the south. Wind-fertilized
plants generally bear flowers of scparate sexes,
either on the same plant or on distinet plants.
Nagali believes this to have been the condition
of the earliest and iowest members of the veg-
etable Kingdom. Where the male and
female flowers are on distinct plants, cross-
fertilization is insured; and this may be
the reason, Darwin suggests, why so many
trees and shrubs are thus constructed. Their
long life enables them the better 1o sustain a
possible failure of impregnation in any season;
and, also, the advamtage of ecross-fertilization
tends to promote a sturdy and enduring crowth.
It has been remarked that annuals rarely have
th::\ sexes separated on distixict plants.
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Darwin believes that the bencfit of cross-fer-
tilization depends on the plants which are
crussed having been subj daring previous
genemiom to somew hat different conditions, as
of dimau:,et.c.,-vm slight differences
prodnclnz ults. This conclusion har-
monizes with the furt thﬂ across hetween ani-
mals which bhave been subjected to slightl
different conditions proves benefictal. “Wh; i{
is beneficial that the sexual elements ahoul be
differertiated to a certain exteant, and why, il
the differentiation be carried still farther, in-
Jjury follows,” still remains a mystery challeng-
ing continued investigation. * 1t is an extraor-
dinary fact,” says Mr. Darwin, “that, with
many specics, flowers fertilized with their own
pollen are either absolutely or in some degree
sterile; if fertilized with en from another
flower on the same punEO they are some-
times, though MI{le. little more fertile; if
fertilized with pollen from another indi-
vidual or variety from the same spedies,
theyv are fully fertile; but, if with
pollen from a distinet species, they are
sterile in all possible degrees, until utter sterili-
ty is reached. We thus have a long series with
absolute sterility at the two ends,—at one end
due to the sexual elements not baving been suf-
ficienuly differentiated, and at the other end to
their baving been differentiated in too great a
degree, or in some peculiar mammer. . . . It
is equally inconceivable why some individuals
of the same species should be sterile, whilst
others are fully fertile with their own pollen;

. . and why the individuals of some species
should be even more fertile with pollen from a
distinct species than with their own polien. And
80 it is with many other facts, which are so ob-
(s;‘ulri: 11,1'“ we stand in awe before the mystery

e.

Tae agricultarist will be able to profit by some
of the conclusions at which Mr. Darwin has ar-
rived in these studies. Among other things, he
may learn that crops will be improved by sow-
ing seed produced in adifferent locality, in alter-
nate rows, with seed of the same sort grown on
the spot. The intercrossing of the two stocks
by this means will result in a far better yield
than where all the seed has been nlsed under
the same conditions. The breeder of stock is
told that the pairing of animals which are closely
rclated may be praciiced wita excellent reaulls.
provided the individuals have been raised on
distant and differeatlv-situated farms, whereby
the differences in their constitution have been
incressed and the licenesses lessened. As some
plants suffer more than others from close inter-
breeding, so it no doubt is with some animals.
In both cases the ¢ffect is deterivration of gen-
eral vigor, including fertility, with no necessary
loss of excellence of form.

Like the vious two or three books of Mr.
Darwin, this last is less attractive to the general

ublic than were the earlier ones, which made

heir author famous as the reviver of the theory
of Evolution and the originator of the theory of
Natural Selection. The book, bemz coufined to
facts relating to a single question in one dlrar
ment of Natural Science, necessarily appe
a somewhat limited class, viz.: those who have
a special interest in Botany and eajoy a minute
study of its most puzziing questions.
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