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ERRATUM.

Page 191, last line, the sentence beginning “The sole
conjecture which I can form,” ete., should read “The sole
conjecture which I can form is that the self-fertilised seeds
had not been sufficiently ripened, and thus produced weakly
plants which grew at first at an abnormally quick rate, as
occurred with Iberis.”
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THE

EFFECTS

oF

CROSS AND SELF-FERTILISATION.

CHAPTER 1.

INTRODUCTORY REMARKS.

Various means which favour or determine the cross-fertil ion of
plants—Benefits derived from cx isation—Self-fertilisation
favourable to the propagation of the species—Brief history of tho
subject—Object of the experiments, and the manner in which they

ied tistical value of the The experi-
ments carried on during several successive gencrations—Nature
of the relationship of the plants in the later generations—Unifor:
mity of the conditions to which the plants were subjected—Some.
appurent, and some real causes of error—Amount of pollen em-
ployed—Arrang of the work—] ance of the

THERE is weighty and abundant evidence that the
flowers of most kinds of plants are constructed so as
to be occasionally or habitually cross-fertilised by
pollen from another flower, produced either by the °
same plant, or generally, as we shall hercafter see
reason to believe, by a distinct plant. Cross-fertilisa-
tion is sometimes ensured by the sexes being separated,
and in a large number of cases by the pollen and
stigma. of the same flower being matured at different
times. . Such plants are called dichogamous, and have
Deen divided into two sub-classes: proterandrous species,
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¥
in which the pollen is mature before the stigma, and
proterogynous species, in which the reverse occurs;
this latter form of dichogamy mot being nearly so
common as the other. Cross-fertilisation is also en-
sured, in many cases, by mechanical contrivances of
wonderful beauty, preventing the impregnation of the
flowers by their own pollen. There is a small class of
plants, which T have called dimorphic and trimorphic,
Dut to which Hildebrand has given the more appro-
priate name of “heterostyled ; this class consists of
plants presenting two or three distinet forms, adapted
for reciprocal fertilisation, so that, like plants with
separate sexes, they can hardly fail to be intercrossed
in each generation. The male and female organs of
some flowers are irritable, and the insects which touch
them get dusted with pollen, which is thus transported
to other flowers. Again, there is a class, in which the
ovules absolutely refuse to be fertilised by pollen from
the same plant, but can be fertilised by pollen from
any other individual of the same species. There are
also very many species which are partially sterile with
their own pollen. Lastly, there is-a large class in
which the flowers present no apparent obstacle of any
kind to self-fertilisation, nevertheless these plants are
frequently intercrossed, owing to the prepotency of
pollen from another individual or variety over the
plant’s own pollen.

As plants are adapted by such diversified and effec-
tive means for cross-fertilisation, it might have been
inferred from this fact alone that they derived some
great advantage from the process; and it is the object
of the present work to show the nature and importance
of the benefits thus derived. There are, however, some
exceptions to the rule of plants being constructed so
as to allow of or to favour cross-fertilisation, for some
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»
few plants seem to be invariably self-fertilised; yet
even these retain traces of having been formerly
adapted for cross-fertilisation. These exceptions need

. not make us doubt the truth of the above rule, any
more than the existence of some few plants which pro-
duce flowers, and yet never set seed, should make us
doubt that flowers are adapted for the production of
seed and the propagation of the species.

We should always keep in mind the obvious fact
that the production of seed is the chief end of the
act of fertilisation ; and that this end can be. gained
by hermaphrodite plants with incomparably greater
certainty by self-for tion, than by the union of
the sexual elements belonging to two distinet flowers
or plants. Yet it is as unmistakably plain that innu-
merable flowers are adapted for cross-fertilisation, as
that the teeth and talons of a carnivorous animal are
adapted for catching prey ; or that the plumes, wings,
and hooks of a seed are adapted for its <l|~m>m|1mtmn
Flowers, therefore, are constructed so as to ga
objects which are, to a certain extent, antagor
this explains many apparent anomalies in their
ture. The close proximity of the anthers to the
in a multitude of species favours, and often leads, to
self-fertilisation ; but this end could have been gained
far mare safely if the flowers had been Lomp]r*(cly
closed, for then the pollen would not have been injured
by the rain or devoured by insects, as often happens.
Moreover, in this case, a very small quantity of pollen
would have been sufficient for fertilisation, instead of
millions of grains being produced. DBut the openness
of the flower and the production of a great and ap-
parently wasteful amount of pollen are necessary for
cross-fertilisation. These remarks are well illustrated
by the plants called cleistogene, which bear on the
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same stock two kinds of flowers. The flowers of the one
kind are minute and completely closed, so that they
cannot possibly be crossed; but they are abundantly
fertile, although producing an extremely small
quantity of pollen. The flowers of the other kind
produce much pollen and are open; and these can be,
and often are, cross-fertilised. Hermann Miller has
also made the remarkable discovery that there are
some plants which exist under two forms; that is,
produce on distinet stocks two kinds of hermaphrodite
flowers. The one form bears small flowers constructed
for self-fertilisation ; whilst the other bears larger and
much. more conspicuous flowers plainly constlunted
for cross-fertilisation by the aid of insects ; and without
their aid these produce no seed.

The adaptation of flowers for cross-fertilisation is a
subject which has interested me for the last thirty-
seven and I have collected a large mass of ob-
servations, but these are now rendered superfluous by
the many excellent works which have been lately pub-
lished. TIn the year 1857 I wrote ® a short paper on
the fertilisation of the kidney bean ; and in 1862 my
work ¢On the Contrivances by which British and
Toreign Orchids are Fertilised by Insects* appeared.
It seemed to me a hetter plan to work out one group
of plants as carefully as I could, rather than to pub-
lish many miscellaneous and imperfect observations.
My present work is the complement of that on
Orchids, in which it was shown how admirably these
plants are constructed so as to permit of, or to favour,
or to necessitate cross-fertilisation. The adaptations

* «Gardeners’ Chronicle; 1857, Annals and M
p. 725, and 1858, pp. 824 and 844, 3rd serics, vol. ii.

. of Nat. Hist
58, p. 462.

© The Complete Work of Charles Darwin Online



Crar. I INTRODUCTORY REMARKS. 5

for cross-fertilisation are perhaps more obvious m the
Orchideas than in any other group of plants, but it is
an error to speak of them, as some authors have done,
as an exceptional case. The lever-like action of the
stamens of Salvia (described by Hildebrand, Dr. W.
Ogle, and others), by which the anthers are depressed
and rubbed on the backs of bees, shows as perfect a
strueture as can be found in any orchid. Papilion-
aceous flowers, as described by various authors—for
instance, by Mr. T. H. Farrer—offer innumerable
curious adaptations for cross-fertilisation. The case of
Posoqueria fragrans (one of the Rubiacew), is as won-
derful as that of the most wonderful orchid. The
stamens, according to Fritz Miiller,® are irritable, so
that as soon as a moth visits a flower, the anthers ex-
plode and cover the insect with polls one of the
filaments which is 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 cannot be fertilised by pollen from the same
flower, but only by that brought by a moth from some
other flower. Endless other beautiful contrivances for
this same purpose could be specified.

Long before I had attended to the fertilisation of
flowers, a remarkable book appeared in 1793 in Ger-
many, ‘Das Entdeckte Geheimniss der Natur,” by
C. K. Sprengel, in which he clearly proved by innumer-
able observations, how essential a part insects play in
the fertilisation of many plants. But he was in ad-
vance of his age, and his discoveries were for a long
time neglected. Since the appearance of my book on
Orchids, many excellent works on the fertilisation of
flowers, such as those by Hildebrand, Delpino, Axell,

* ¢Botanische Zeitung,” 1866, p. 129,
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6 i INTRODUCTORY REMARKS. Cnmar. I

and Hermann Miiller,* and numerous shorter papers,
have been published. A list would occupy several
pages, and this is not the proper place to give their
titles, as we are not here concerned with the means,
but with the results of eross-fertilisation. No one
who feels interest in the mechanism by which nature
offects her ends, can read these books and memoirs
without the most lively interest. .
From my own observations on plants, guided to a
" certain extent by the experience of the breeders of
imals, T became convinced many years ago that it
is a general law of nature that flowers are adapted to
be crossed, at least occasionally, by pollen from a
distinet plant. Sprengel at times foresaw this law, but
only partially, for it does not appear that he was aware
that there was any difference in power' between pollen
from the same plant and from a distinet plant. In the
introduction to his book (p.4) he says, as the sexes
are separated in so many flowers, and as so many other
flowers are dichogamous, “ it appears that nature has
not willed that any one flower should be fertilised by
its own pollen.” Nevertheless, he was far from keeping
this conclusion always before his mind, or he did not

* Sir John' Lubbock h:
an interesting summa
ject in his * British Wild
considered in relation to

ts,” 1 Hermann Miiller's
work ‘Die Befruchtung der Blu-
men durch Insekten, 1873, con-
tains

given
of the

an immense number of
originial observations and gene-
ralisations. It is, moreover, in-
valuabie as a repertory with re-
forences to almost everythin;
Tas been published on the
s work differs from
all others in- specifyi
ds of insects, as f

ng
ar as

Jnown, visit the flowers of each
species. He likewise enters on
new ground, by showing not only
that flowers are adapted for their
own good to the visits of certain
insects; bub that the iusects
themselves are excellently adapted
for procuring nectar or pollen
from certain flowers. The value

ex’s worlc can hardly be

o
lated
Asell’s work is written in Swedish,
So that I have not been able to
vead it

into  English. _Severin
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see its full importance, as may be perceived by any-
one who will read his observations carefully ; and he
consequently mistook the' meaning of various struc-
tures. But his discoveries are so numerous and his
work so excellent, that he can well afford to bear a
small amount of blame. A most capable judge, H.
Miiller, likewise says :* It is remarkable in how very
many cases Sprengel rightly perceived that pollen is
necessarily transported to the stigmas of other flowers
of the same species by the insects which visit them,
and yet did not imagme that this transportation was
of any service to the plants themselves.”

Andrew Knight saw the truth much more clearly,
for he remarks,f ¢ Nature intended that a sexual in-
tercourse shoudd take place between neighbouring
plants of the same species.” After alluding to the
various means by which pollen is transported from
flower to flower, as far as was then imperfectly known,
he adds, ¢ Nature has something more in view than that
its own proper males should fecundate each blossom.”
In 1811 Kélreuter plainly hinted at the same law, as
did afterwards another famous hybridiser of plants,
Herbert.t Butnone of these distinguished observers
appear to have been sufficiently impressed with the

* Die Befruchtung der Blu-
men, 1873, p. . His word

reuter, « M. do PAcad,
‘tershourg,” tom. iii. 1809

After

st merkwiirdig, in wi
reichen Fallen Sprengel richiis
exkannte, dass durch die Besuch-
enden Inselcten der Blithenstaub
mit Nothwendigkeit auf die Nar

ben snderer Blithen dersell

Art iibertragen wird, ohne auf die

uscanbeathca i die Ptiznacn
cht werden miisse.”
hilosophical Transactions;
1799, p. 202.

£ g

de
[p\lbhahcd 1811), p. 197.
showing how well the M«lmu»u
f tion,
i
P e hujuscemodi_flores
nunquam proprio suo pulvere, sed
semp alisrum sum specici
mlp)eﬂuentur, o quieritur?
erte natura nil facit
Herbert,  Amaryllidacew, with a
veatise on Cross-bred Vege-
tables,’ 1837,
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8 INTRODUCTORY REMARKS. Cmar. L.

truth and generality of the law, so as to insist on i
and impress their belief on others.

Tn 1862 I summed up my observations on Orchids
by saying that nature “abhors perpetual self-fertilisa-
tion.” If the word perpetual had been omitted, the
aphorism would have heen false. As it stands, T
believe that it is true, though perhaps rather too
strongly expressed; and I should have added the
self-evident proposition that the propagation of the
species, whether by self-fertilisation or by cross-fertili-
sation, or asexually by buds, stolons, &e. is of paramount
importance. Hermann Miller has done excellent
e by insisting repeatedly on this latter point.

Tt often occurred to me that it would be advisable
to try whether seedlings from cross-fertilised flowers
were in any way superior to those from self-fertilised
flowers. But as no instance was known with animals
of any evil appearing in a single generafion from the
closest possible interbreeding, that is between brothers
and sisters, I thought that the same rule would hold
good with plants ; and that it would be necessary ,at
the sacrifice of too much time to self-fertilise and inter-
cross plants during several successive generations, in
order to arrive at any result. I ought to have re-
flected that such elaborate provisions favouring cross-
fertilisation, as we see in innumerable plants, would
not have been acquired for the sake of gaining a
distant and slightsadvantage, or of avoiding a distant
and slight evil. DMoreover, the fertilisation of a flower
by its own pollen corresponds to a closer form of inter-
breeding than is possible with ordinary bi-sexual
animals; so that an earlier result might have been
expected.

T was at last led to make the experiments recorded.
in the present volume from the following circumstance.

serv]
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For the sake of determining certain points with respect
to inheritance, and without. any thought of the effects
of close interbreeding, I raised close together two
large beds of self-fertilised and crossed seedlings from
the same plant of Linaria vulgaris. To my surprise,
the crossed plants when fully grown were plainly taller
and more vigorous than the self-fertilised ones. Bees
incessantly visit the flowers of this Linaria and cairy
pollen from one to the other; and if insects are ex-
cluded, the flowers produce extremely few seeds ; s0
that the wild plants from which my seedlings were
raised must have been intercrossed during all previous
generations. It seemed therefore quite incredible that
the difference between the tivo beds of seedlings could
liaye been due to a single act of self-fertilisation ; and
T attributed the result to the self-fertilised seeds not
haying been well ripened, improbable as it was that all
should have been in this state, or to some other
accidental and inexplicable cause. During the next
year, I raised for the same purpose as hefore two large
beds elose together of self-fertilised and crossed seed-
lings from the carnation, Dianthus caryophylus. This
plant, like the Linaria, is almost sterile if insects are
excluded; and we may draw the same inference as
before, namely, that the parent-plants must have been
intercrossed during every or almost every previous
generation. Nevertheless, the self-fertilised scedlings
were plainly inferior in height and vigour to the
crossed.

My attention was now thoroughly aroused, for T could
hardly doubt that the difference between the two beds
was due to the one set being the offspring of crossed,
and the other of seli-fertilised flowers. Accordingly I
selected almost by hazard two other plants, which
happened to be in flower in tlie greenhouse, namely,
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10 INTRODUCTORY REMARKS. Crar. L

Mimulus luteus and Ipomea purpurea, both of which,
unlike the Linaria and Dianthus, are highly self-
fertile if insects are excluded. Some flowers on a
single plant of both species were fertilised with their
own pollen, and others were crossed with pollen from
a distinet individual ; beth plants being protected by a
net-from insects. The crossed and seli-fertilised seeds

. thus produced were sown on opposite sides of the same
pots, and treated in all respects alike ; and the plants
when fully grown were measured and compared. With
both species, as in the cases of the Linaria and
Dianthus, the crossed seedlings were conspicuously
superior in height and in other ways to thé self-
fertilised. I therefore determined to begin a long
series of experiments with various plants, and these
were continued for the following eleven years; and we
shall see that in a large majority of cases the crossed
beat the self-fertilised plants. Several of the excep-
tional cases, moreover, in which the crossed plants
were not victorious, can be explained.

It should be observed that I have spoken for the
sake of brevity, and shall continue to do so, of crossed
and self-fertilised seeds, seedlings, or plants; these
terms implying that they are the product of crossed or
self-fertilised flowers. oss-fertilisation always means
a cross between distinet plants which were raised from
seeds and not from cuttings or buds. Self-fertilisation
always implies that the flowers in question were im-
pregnated with their own pollen. .

My experiments were tried in the following manner.
A single plant, if it produced a sufficiency of flowers, or
two or three plants were placed under a net stretched
on a frame, and large enough to cover the .plant

(together with the pot, when one was used) without

touching it. This latter point is important, for if

© The Complete Work of Charles Darwin Online



Cuar. L. INTRODUCTORY REMARKS. il

the flowers touch the net they may be cross-fertilised
by bees, as I have known to happen; and when the net
is wet the pollen may be injured. I used at first
“white cotton net,” with very fine meshes, but after-
wards a kind of net with meshes one-tenth of an
inch in diameter; and this I found by experience
effectually excluded all insects excepting Thrips, which
no net will exclude. On the plants thus protected
several flowers were marked, and were fertilised with
their own pollen ; and an equal number on the same
plants, marked in a different manner, were at the same
time crossed with pollen from a distinct plant. The
crossed flowers were never castrated, in order to make
the experiments as like as possible to what occurs
under nature with plants fertilised by the aid of
insects. Therefore, some of the flowers which were
crossed may have failed to be thus fertilised, and
afterwards have been self-fertilised. But this and
some other sources of error will presently be discussed.
In some few cases of spontaneously self-fertile species,
the flowers were allowed to fertilise themselves under
the net; and in still fewer cases uncovered plants were
allowed to be freely crossed. by the insects which in-
cessantly visited them. There are some great advan-
tages and some disadvantages in my having occasion-
ally varied my method of proceeding; but when there
was. any difference in the treatment, it is always so
stated under the head of each species.

Care was taken that the seeds were thoroughly
ripened before being gathered.  Afterwards the crossed
and self-fertilised seeds were in‘ most cases placed on
damp sand on opposite sides of a glass tumbler covered
by a glass plate, with a partition between the two lots ;
and the glass was placed on the chimney-piece in a
warm room. I could thus observe the germination of
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the seéds. Sometimes a few would germinate on one
side before any on the other, and these were thrown
away. But as often as a pair germinated at the same
time, they were planted on opposite sides of a pof, with
a superficial partition between the two; and I thus
proceeded until from half-a-dozen to a score or more
seedlings of exactly the same age were planted on
the opposite sides of several pots. If one of the young
seedlings became sickly or was in dny way injured,
it was pulled up” and . thrown away, as well as its
antagonist on the opposite side of the same pot.

arge number of seeds were placed on the sand
to germinate, many remained after the pairs had been
selected, some of which were in a state of germination
and others not so; and these were sown crowded
together on the opposite sides of one or two rather
larger pots, or sometimes in two long rows out of doors.
Tn these eases there was the most severe struggle for
life among the crossed seedlings on one side of the
pot, and the self-fertilised seedlings on the other side,
and between the two lots which grew in competition
in the same pot. A vast number soon perished,
and the tallest of the survivors on both sides when
fully grown were measured. Plants treated in this
manner, were subjected to nearly the same conditions
as those growing in a state of nature, which have to
struggle to maturity in the midst of a host of
competitors.

On other occasions, from the want of time, the seeds,
instead of being allowed to germinate on damp sand,
were sown on the opposite sides of pots, and the fully
grown plants measured. But this plan is less accurate,
as the seeds sometimes germinated more quickly on
one side than on the other. It was however necessary
to act in this manner with some few species, as certain

Asa
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Xkinds of seeds would not germinate well when exposed
to the light ; though the glasses containing them were
kept on the chimney-piece on one side of a room,

and some way from the
the N.E.*

two windows which faced

The soil in the pots in which the seedlings were
planted, or the seeds sown, was well mixed, so as to
be uniform in composition. The plants on the two
sides were always watered at the same time and as

equally as possible; and

even if this had not been

done, the water would have spread almost equally to

both sides, as the pots were not large.

The crossed

and self-fertilised plants were separated by a super-

ficial partition, which was always kept directed tow:

rds

the chief source of the light, so that the plants on both

sides were equally illuminated.

I do not believe it

-possible that two sets of plants could have been sub-

jected to more closely similar conditions,
my crossed and self-fertilised seedling

than were
as grown in

the above described manner. g 3
. In comparing the two sets, the eye alone was never
trusted. Generally the height of every plant on both

sides was carefully mea

red, often more than once,

viz., whilst young, sometimes again when older, and
finally when fully or almost fully grown. But in
some cases, which are always specified, owing to the
want of time, only one or two of the tallest plants on

each side were measured.

This plan, which is not a

good one, was never followed (except with the crowded

* This oceurred in the plainest

tissima. Rarely more than one
or two of the sceds of these four

species germinated on the baro
sand, though left there for some
weeks; but when these same seeds
were placed on earth in pots, and
covered with a thin layer of sand,
they germinated imumediutely in
large numbers.
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plants raised from the seeds remaining after the pairs
had been planted) unless the tallest plants on each
side seemed fairly to represent the: average difference
between those on both sides. It has, however, some
great advantages, as sickly or accidentally injured
plants, or the offspring of ill-ripened seeds, are thus
eliminated. When the tallest plants alone on each side
were measured, their average height of course exceeds
that of all the plants on the same side taken together.
But ir the case of the much crowded plants raised
from the remaining sceds, the average height of the
tallest plants was less than that of the plants in pairs,
owing to the unfavourable conditions to which they
were subjected from being greatly crowded. For our

Towever, of the comparison of the crossed and
rtilised plants, their absolute height signifies

2

little.

As the plants were measured by an ordinary English
standard divided into inches and eighths of an inch, I
have, not thought it worth while to. change the frac-
tions into decimals. The average or mean heights
were caleulated in the ordinary rough method by
adding up the measurements of all, and dividing the
product by the number of plants measured ; the result
being here given in inches and decimals. As the
different species grow to various heights, T havealways
for the sake of easy comparison given in addition the
average height of the crossed plants of each species
taken as 100, and have calculated the average height
of the seli-fertilised plant inrelation to this standard.
With respect to the crowded plants raised from the
seeds remaining after the pairs had been planted,
and of which only some of the tallest on each side
were measured, I have not thought it worth while to
complicate the results by giving separate averages
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for them and for the pairs, but have added up all
their heights, and thus obtained a single average.

I long doubted whether it was worth while to give
the measurements of each separate plant, but have
decided to do so, in order that it may be seen that the
superiority of the crossed plants over the self-fertilised,
does not commonly depend on the presence of two or
three extra fine plants on the one side, or of a few
very poor plants on the other side. Although several
observers have insisted in general terms on the off-
spring from intercrossed varieties being superior to
either parent-form, no precise measurements have been
given;* and I have met with no observations on
the effects of erossing and self-fertilising the indi-
viduals of the same variety. Moreover, experiments of
this kind require so much time—mine having been
continued during eleven years—that they are not
likely soon to be repeated.

As only a moderate number of crossed and self-
fertilised plants were measured, it was of great impor-
tance to me to learn how far the averages were trus
worthy. I therefore asked Mr. Galton, who has had
much experience in statistical resea s, to examine
some of my tables of measurements, seven in number,
namely, those of Ipomeea, Digitalis, Reseda lutea,
Viola, Limnanthes, Petunia, and Zea. I may premise
that if we took by chance a dozen or score of men
belonging to two nations and measured them, it would
I presume be very rash to form any judgment from
such small numbers on their average heights. But
the case is somewhat different with my crossed and
self-fertilised plants, as they were of exactly the same

# A summary of theso state- and Plants under Domestication,”
ments, with roferences, may be chap. xvii, 2nd edit., 1875, vol.
found in my ¢ Variation of Animals ii. p. 109

2
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age, were subjected from first to last to the same
conditigns, and were descended from the same parents.
‘When only from two to six pairs of plants were
measured, the results are manifestly of little or mo
value, except in so far as they confirm and are con-
firmed by experiments made on a larger scale with
other species. I will now give the report on the seven
tables of measurements, which Mr. Galton has had the
great kindness to draw up for me.

«T have examined the measurements of the plants with care,
and by many statistical methods, to find out how far the means
of the several sots represent constant realities, such as would
come out the same so long as the general conditions of growth
remained unaltered. The principal methods that were adopted
are easily explained by selecting one of the shorter series
of plants, say of Zea mays, for an example.”

Zea mays (oung plants).

ARRANGED 1N ORDER OF MAGNITUDE.
As recorded by Mr, Darwin. B = ki SR

In Separate Pots. In a Single Series.
Coom L | IL ‘ 1L Ty VI R viL | v
Crossed. | Sllﬂk’ﬂz-i Crossed. Crossed. | Self-fert. D\ﬁeﬁn;
i Tnches, | Tuch Tnches. | Inches,
23" | a7y | 28 20 | —3}
Pot 1. 12° | 208 || a1 20
a1 a0 | 12 | 20
i \ 181 | =54
22 185 3
PotIL | 193 184 H
213 | 18 H
» 180 (R
Q“E 18 -3
20 173 | -3
i
Pot IIL | 183 ‘ 16} —sg
21} i 163 | —2%
233 153 | —ag
158 | +3g
21 18l os 12§ | 40§
PotIv. | 223 | 12§ |l 22
25" || 154 it 21
12 | 18 12

© The Complete Work of Charles Darwin Online



Ciar. I. INTRODUCTORY REMARKS. 17

“The observations as T received them are shown in columns TT.
and IIL, where they certainly have no primd fucie appearance of
regularity. ‘But as soon as we arrange them in the order of
their magnitudes, as in columns IV. and V., the case is materially
altered. Weo now see, with fow exceptions, that the largest

plant on the crossed side in each pot exceeds the largest plant
on the self-fertilised side, that the second exceeds the second,
the third the third, and so on. Out of the fifteen in the

table, there aro only two ‘exceptions to this rule. We may
therefore confidently affirm that a crossed series will always
bo found to exceed a self-fertilised series, within the range of
the conditions under which the present experiment has becn
made.”

7
Pot. | Crossed. | Selffurt. | Difference. g
D 15 193 | +03
1L 203 19 =7
L 4 163 | —43
1v. 19§ 16 —3§

« Next as regards the numerical estimate of this excess. The
mean values of the several groups are so discordant, as is shown
in the table just given, that a fairly precise numerical estimate
seems impossible. But the consideration arises, whether the
difference between pot and pot may not be of much the same
order of importance as that of the other conditions upon which
the growth of the plants has been modified. If so, and only
on that condition, it would follow that when all the measure-
ments, either of the crossed or the self-fertilised plants, were
combined into a single series, that series would be statistically
regular. The experiment is tried in columns VII. and VIIL.,
where the regularity is abundantly clear, and justifies us in
considering its mean as perfectly reliable. I have protracted
{hese measurements, and revised them in the usual way, by
drawing a curvo through them with a free hand, but the re-
vision barely modifies the means derived from the original
observations. In the present, and in nearly all the other cases,
the difference between the original and revised means is umkt
2 per cent. of their value. It isa very remarkable coincidence
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fhat in the seven kinds of plants, whose measurements T have
examined, the ratio between the heights of the crossed and of
the self-fertilised ranges in five cases within yery narrow limits.
Tn Zea mays it is as 100 to 84, and in' the others it ranges
Detyween 100 to 76 and 100 to 86.”

“The determination of the variability (measured by what is
technically called the ‘probable error’)is a problem of more
delicacy than that of determining the means, and I doubt, after
making many trials, whether it is possible to derive usefal
conclusions from these few observations. We ought to havo
measurements of at least fifty plants in each case, in order to
bo in a position to deduce fair results. One fact, however,
hearing on variability, is very evident in most cases, though not
in" Zea mays, viz., that the sel-fertilised plants include the
larger number of exceptionally small specimens, while the
%rossed are more generally full grown.”

“Those groups of cases in which measurements have been.
made of a fow of the tallest plants that grew in rows, each of
which contained a multitude of plants, show very clearly that
the crossed plants exceed tho self-fertilised in height, but they
do not tell by inference anything about their respective mean
values. If it should happen that a series is known to follow
the law of error or amy other law, and if the number of indi-
viduals in the series is known, it would be always possible to
reconstruct the whole series when a fragment of it has been
given. But I find no such method to be applicable in the
Present case. The doubt as to the number of plants in each row
is of minor importance; the real difficulty lies in our ignorance
of the precise law followed by the series. The experience of
the plants in pots does ot help us to determine that law,
Decanse the observations of such plants are too few to enable
us to loy down more than the middle terms of the series to
which they belong with any sort of accuracy, whereas the cases.
Wo aro now considering refer o one of its extremities. Thero
are other special difficulties which need not be gone into, as the
one already mentioned is a complete bar.”

Mr. Galton sent me at the same time graphical
representations which he had made of the measure-
ments, and they evidently form fmly regular curves.
He appends the words “very good ” to those of Zeaand
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Limnanthes. He also caleulated the average height
of the crossed and self-fertilised plants in the seven
tables by a more correct method than that followed
by me, namely, by including the heights, as estimated
in accordance with statistical rules, of a few plants
which died before they were measured; whereas I
merely added up the heights of the survivors, and
divided the sum by their number. The différence in
our results is in one way highly satisfactory, for
the average heights of the self-fertilised plants, as
deduced by Mr. Galton, is less than mine in all the
cases excépting ome, in which our averages are
the same; and this shows that I have by no means
exaggerated the superiority of the crossed over the
* self-fertilised plants.

After the heights of the crossed and self-fertilised
plants had been taken, they were sometimes cut down
close to the ground, and an equal number of both

* weighed. This method of comparison gives very
striking results, and I wish that it had been oftener
followed. TFinally a record was often kept of any
marked difference in the rate of germination of the
crossed and self-fertilised seeds,—of the relative periods
of flowering of the plants raised from them,—and of
their productiveness, that is, of the number of seed-
capsules which they produced and of the average
number of seéds which each capsule contained.

‘When I began my experiments I did not intend to
raise crossed and self-fertilised plants for more than a
single generation; but as soon as the plants of the
first generation were in flower I thought that I would
raise one more generation, and acted in the following
manner. Several flowers on one or more of the self-
fertilised plants were again self-fertilised ; and several
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flowers on one or more of the crossed plants were ferti-
lised with pollen from another crossed plant of the
same lof. Having thus once begun, the same method
was followed for as many as ten successive generations
with some of the species. The seeds and seedlings were
always treated in exactly the same manner as already
described. The self-fertilised plants, whether originally
descendéd from one or two mother-plants, were thus in
each generation as closely interbred as was possible ;
and T could not have improved on my plan. But
instead of crossing one of the -crossed plants with
another crossed plant, I ought to have crossed the self-
fertilised plants of each generation with pollen taken
from a non-related plant—that is, one helonging to a
distinct family or stock of the same species and variety.
This was done in several cases as an additional experi-
ment, and gave very striking results. But the plan
usually followed was to put into competition and
compare intercrossed plants, which were almost always
the offspring of more or less closely related plants, with
the self-fertilised plants of each succeeding genera-
tion ;—all haying been grown: under_eclosely similar
conditions. I have, however, learnt more by this method
of proceeding, which was begun by an oversight and
then necessarily followed, than if I had always crossed
the self-fertilised plants of each succeeding generation
with pollen from a fresh stock.

1 have said that the crossed plants of the successive
generations were almost always inter-related. ‘When
the flowers on an hermaphrodite plant are crossed
with pollen taken from a distinct plant, the seedlings
thus d may be considered as hermaphrodite brothers
or sisters ; those raised from the same capsule being as
close as twins or animals of the same litter. But in
one sense the flowers on the same plant are distinct
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individuals, and as several flowers on the mother-plant
were crossed by pollen taken from several flowers on
the father-plant, such seedlings would be in one sense
half-brothers or sisters, but more closely related than
are the half-brothers and sisters of ordinary animals.
The flowers on the mother-plant were, however, com-
monly crossed by pollen taken from two or more dis-

* tinet plants; and in these cases the seedlings might
be called with more truth half-brothers or sisters.

* When two or three mother-plants were crossed, as often
happened, by pollen taken from two or three father-
plants (the seeds being all intermingled), some of the
seedlings of the first generation would be in no way
related, whilst many others would be whole or half-
brothers and sisters. In the second generation a large
number of the seedlings would be what may be called
whole or half first-cousins, mingled with whole and
half-brothers amd sisters, and with some plants not at
all related. So it would be in the succeeding genera-
tions, but there would also be many cousins of the
second and more remote degrees. The relationship will
- thus have become more and more inextricably complex
in the later generations; with most of the plants in
some degree and many of them closely related.

I have only one other point to notice, but this is one
of the highest importance; namely, that the crossed
and self-fertilised plants were subjected in the same
generation to as nearly similar and uniform conditions as
was possible. Tn the successive generations they were
exposed to slightly different conditions as the seasons
varied, and they were raised at different periods. But
in other respects all were treated alike, being grown
in pots in-the same artificially prepared soil, being
watered at the same time, and kept close together
in the same greenhouse or hothouse. They were

© The Complete Work of Charles Darwin Online



22 INTRODUCTORY REMARKS. Car. L.

therefore not exposed during successive years to such
great vicissitudes of climate as ar® plants growing out
of doors.

On some apparent and real Causes of Trror in my Ha-
periments—It has been objected to such experiments
as mine, that covering plants with a net, although only
for a short time whilst in flower, may affect their health
and fertility. I have seen no such effect except in one
instance with a Myosotis, and the covering may not
then have been the real cause of injury. But even if
the net were slightly injurious, and certainly it was not
so in any high degree, as I could judge by the appear-
ance of the plants and by comparing their fertility with
that of neighbouring uncovered plants, it would not
have vitiated my experiments; for in all the more im-
portant cases the flowers were crossed as well as self-
fertilised under a net, so that they were treated in this
respect exactly alike.

As it is impossible to exclude such minute pollen-
carrying insectsas Thrips, flowers which it was intended
to fertilise with their own pollen may sometimes have
been afterwards crossed with pollen brought by these
insects from another flower on the same plant; but as
we shall hereafter see, a cross of this kind does not
produce any effect, or at most only a slight one. When
two or more plants were placed near onme another
under the same net, as was often done, there is some
real though not great danger of the “flowers which
were believed to be self-fertilised being afterwards
crossed with pollen brought by Thrips from a distinet
plant. I have said that the danger is not great,
because I have often found that plants which are
self-sterile, unless aided by insects, remained sterile
when several plants of the same species were placed
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under the same mnet. If, however, the flowers which
had been presumably self-fertilised by me were in any
case afterwards crossed by Thrips with pollen brought
from a distinct plant, crossed scedlings would have
Deen included amongst the self-fertilised ; but it should
be especially observed that this occurrence would tend
to diminish and not to increase any superiority in
average height, fertility, &e., of the crossed over the
self-fertilised plants.

As the flowers which were crossed were never cas-
trated, it is probable or even.almost certain that I
sometimes failed to cross-fertilise them effectually, and
that they were afterwards spontaneously self-fertilised.
This would have heen most likely to occur with dicho-
gamous species, for without much care it is not easy to
perceive. whether their stigmas are ready to be fer-
.tilised when the anthers open. But in all cases,
as the flowers were protected from wind, rain, and the
access of insects, any ‘pollen placed by me on the
stigmatic surface whilst it was immature, would gener-
ally have remained there until the stigma was mature ;
and the flowers would then have been crossed as was
intended. Nevertheless, it is Itighly probable that
self-fertilised seedlings have sometimes by this means
got included amongst the crossed seedlings. The effect
would be, as in the former case, not to exaggerate
but to diminish any average superiority of the crossed
over the self-fertilised plants.

Errors arising from the two causes just named, and *
from others,—such as some of the seeds not having
been thoroughly ripened, though care was taken to
avoid this error—the sickness or unperceived injury of
any of the plants,—will have been to a large extent
eliminated, in those cases in which many crossed and
self-fertilised plants were measured and an average
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struck, Some of these causes of error will also hive
been eliminated by the seeds having been allowed to
germinate on bare damp sand, and being planted in
pairs; for it is not likely that ill-matured and well-
matured, or diseased and healthy seeds, would germi-
nate at exactly the same time. The same result will
have been gained in the several cases in which only a
fow of the tallest, finest, and healthiest plants on each
side of the pots were measured.

Kolreuter and Giirtner* have proved that with some
plants several, even as many as from fifty to sixty,
pollen-grains are necessary for the fertilisation of all
the ovules in the ovarium. Naudin also found in
the case of Mirabilis that if only one or two of its
very large pollen-grains were placed on the stigma,
the plants raised from such seeds were dwarfed.
T was therefore careful to give an amply sufficient
supply of pollen, and generally covered the stigma
with it ; but I did not take any special pains to place
exactly the same amount on the stigmas of the self-
fortilised and crossed flowers. After having acted in
this manner during two seasons, I remembered that
Giirtner thought, though without any direct evidence,
that an excess of pollen was perhaps injurious; and it
has been proved by Spallanzani, Quatrefages, and
Newport,} that with various animals an excess of the
seminal fluid entirely prevents fertilisation. It was
therefore necessary to ascertain whether the fertility of
the flowers was affected by applying a rather small and
an extremely large quantity of pollen to the stigma.
Accordingly a very small mass of pollen-grains was

x ¢Kenntniss der Befruch-  tom. . p. 27.
tung, 1544, p. 345 Naudin, _t ‘Transactions Philosophical
Nemvelles Archives du Muséum,  Soc” 1853, pp. 203-258.
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placed on one side of the large stigma in sixty-four
flowers of Ipomeea purpurea, and a great mass of pollen
over the whole surface of the stigma in sixty-four other
flowers. In order to vary the experiment, half the
flowers of both lots were on plants produced from self-
fertilised seeds, and the other half on plants from
crossed seeds. The sixty-four flowers with an excess
of pollen yielded sixty-one capsules; and excluding
four capsules, each of which contained only a single
poor seed, the remainder contained on an average 5°07
seeds per capsule. The sixty-four flowers with only a
little pollen placed on one side of the stigma yielded
sixty-three capsules, and excluding one from the same
cause as before, the remainder contained on an average
5:129 seeds. So that the flowers fertilised with little
pollen yielded rather more capsules and seeds than did
those fertilised with an excess; but the difference is
too slight to be of any significance. On the other
hand, the seeds produced by the flowers with an excess
of pollen were a little heavier of the two; for 170 of
them weighed 7967 grains, whilst 170 seeds from the
flowers with -very little pollen weighed 79°20 grains.
Both lots of seeds having been placed on damp sand
presented no difference in their rate of germination.
We may therefore conclude that my experiments were
not affected by any slight difference in the amount of
pollen used ; a sufficiency having been employed in
all cases.

The order in which our subject will be treated in
the present volume is as follows. A long series of ex-
periments will- first be given in Chapters IL to VL
Tables will afterwards be appended, showing in a con-
densed form the relative heights, weights, and fertility
of the offspring of the various crossed and self-fertilised
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species. Another table exhibits the striking results
from fertilising plants, which during several generations
had either been self-fertilised or had been crossed
with plants kept all the time under closely similar
conditions, with pollen taken from plants of a distinct
stock and which had been exposed to different con-
ditions. In the concluding chapters various related
points and questions of general interest will be
discussed.

Anyone not specially interested in the subject need
not attempt to read all the details; though they
ss, T think, some yalue, and cannot be “all sum-
marised. But I would suggest to the reader to take
as an example the experiments on Ipomeea in Chapter
1I.; to which may_be added those on Digitalis, Origa-
num, Viola, or the common cabbage, as in all these
cases the crossed plants are superior to the self-
fertilised in a marked degree, but not in quite the
same manner. As instances of self-fertilised plants
being equal or superior to the crossed, the experiments
on Bartonia, Canna, and the common pea ought to be
read; but in the last case, and probably in that of
(anna, the want of any superiority in the crossed
plants can be explained.

Species were selected for experiment belonging to
widely distinct families, inhabiting various countries.
In some few cases several genera belonging to the
same family were tried, and these are grouped toge-
ther ; but the families themselves have been arranged
not in any natural order, but in that which was the
most convenient for my purpose. The experiments
Tave been fully given, as the results appear to me of _
sufficient value to justify the details. Plants bearing
hermaphrodite flowers can be interbred more closely
than is possible with bisexual animals, and are there-

posse:
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fore well-fitted to throw light on the nature and extent
of the good effects of crossing, and on the evil effects
of close interhreeding or self-fertilisation. The most
important conclusion at which I have arrived is that
the mere act of crossing by itself does no good. The
good depends on the individuals which are crossed
differing slightly in constitution, owing to their pro-
genitors having been subjected during several genera-
tions to slightly different conditions, or to what we
call in our ignorance spontaneous variation. This
conclusion, as we shall hereafter see, is closely con-
nected with various important physiological problems,
such as the benefit derived from slight changes in the
conditions of life, and this stands in the closest con-
nection with life itself. Tt throws light on the origin of
the two sexes and on their separation or union in the
same individual, and lastly on the whole subject of
hybridism, which is one of the greatest obstacles to the
generalacceptance and progress of the great principle
of evolution.

In order to avoid misapprehension, I beg leave to
repeat that throughout this volume a crossed plant,
seedling, or seed, means one of crossed parentage, that
is, one derived from a flower fertilised with pollen
from a distinct plant of the same species. And that
a selffertilised plant, seedling, or’ seed, means one
of self-fertilised parentage, that is, one derived from
a flower fertilised with pollen from the same flower,
or sometimes, when thus stated, from another flower
on the same plant.
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CHAPTER IL
CONVOLVULACEZE.

Ipomma purpurea, comparison of the height and fertility of the
crossed and self-fertilised plants during ten successive generations
_ Greater constitntional vigour of the crossed plants—The effects
on the offspring of crossing different flowers on the samo plant,
instead of crossing distinet individuals—The effects of a cross with
a fresh stock—The descendants of the self-fertilised plant named
Hero—Summary on the growth, vigour, and fertility of the suc-
cessive crossed and self-fertilised generations—Small amount of:
pollen in the antiiers of the self-fertilised plunts of the lator genera
tions, and the sterility of their first-produced fowers—Uniform
colour of the flowers produced by the self-fertilised plants—The
advantage froma cross betiween two distinct plants depends on their
differing in constifution. i

A PLANT of Ipomeea purpurea, ot as it is often called in
England the convolvulus major, a native of South
America, grew in my greenhouse. Ten flowers on this
plant were fertilised with pollen from the same flower;
and ten other flowers on the same plant were crossed
with pollen from a distinet plant. The fertilisation of
the flowers with their own pollen was superfluous, as
this convolvulus is highly self-fertile; but I acted in
{his manner to make the experiments correspond in all
respects.  Whilst the flowers are young the stigma
projects beyond the anthers; and it might have been
thought that it could not be fertilised without the aid
of humble-bees, which often visit the flowers; but as
the flower grows older the stamens increase in length,
and their anthers brush against the stigma, which thus
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receives some pollen. The number of seeds produced
by the crossed and self-fertilised flowers differed very
little.

‘Crossed and self-fertilised sceds obtained in the above
manner were allowed to germinate on damp sand, and as often
as pairs germinated at the same time they were planted in the
manner deseribed in the Introduction, on the opposite sides of
two pots. Five pairs were thus planted; and all the remaining
seeds, whether or not in a state of germination, were planted on
the opposite sides of a third pot, so that the young plants on
both sides were here greatly crowded and exposed to very
severe competition. Rods of iron or wood of equal diameter
were given to all the plants to twine up; and as soon as one of
cach pair reached the summit both were measured. A single
od was placed on each side of the crowded pot, No. 1L, and
only the tallest plant on each side was measuredl.

Tasuw . (Fifst Generation.)

Seedlings from Seedlings from
Tnches. Tnches.
L 874
873 66
89 73
1L 88 | 684
87 ! 60§
1L 7 57
Plants crowded; the
allest one_ mea-
sured on each side,
Total in inches. 516 | 594

The average height of the six crossed plants is here 86 inches,
whilst that of the six self-fertilised plants is only 6566 inches,
£0 that the crossed plants are to the self-fertilised in height as
100 to 76. It should be observed that this difference is not due
to a fow of the crossed plants being extremely tall, or to a few of
the self-fertilised being extremely short, but to all the crossed
plants attaining a greater height than their antagonists. The
three pairs in Pot I. were measured at two earlier periods, and
the difforence was sometimes greater and sometimes less than that
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at tho final measuring, But it is an interesting fact, of which I
have seen soveral other instances, that ono of the self-fortilised
plants, when nearly @ foot in height, was half an inch tallex than
tho crossed plant; and again, when two feet high, it was 13 of
an inch taller, but during tho ten, subsequent days the crossed
Plant began £ gain on its antagonist, and ever afterward assexted
its supromacy, until it excoeded its self-fertilised opponent by
16 inches.

‘The fivo crossed plants in Pots I. and IL. were covered with a
nit, and produced 121 capsules; the five self-fertilised plants
produced cighty-four capsules, so that the numbers of capsules
Wero as 100 fo 69. OF the 121 capsules on the crossed plants
sixty-fivo were the product of flowers crossed with pollen from &
distinet plant, and these contained on an average 5°23 seeds per
capsule; the remaining fifty-six capsules wero sponfancously
celtfertilised. Of the eighty-four capsules on the self-fertilised
plants, all the product of Tenewed self-fortilisation, fifty-five
(which vero alone examined) contained on an average 4°85
seeds per capsule. Therefore the cross-fertilised capsules, com=
paved with the selt-fertilised capsules, yielded sceds in tho
Droportion of 100 to 93. Tho crossed seeds were relatively
heavier than the self-fertilised seeds. Combining the above
data (ie., mumber of capsules and average mumber of contained
sceds), tho crossed plants, compared with the self-fertilised,
yielded seeds in the atio of 100 to 64

These crossed plants produced, as already stated, fifty-six
spontancously seli-fertilised capsules, and tho selffortilised
plants produced twenty-nine such capsules.  ‘Che former con-
tained on an average, in comparison with the latter, seeds
in the proportion of 100 to 9. ;

In Pot TIL, on the opposite sides of‘which a large mumber of
erossed and selt-fertilised seeds had been sown and the sced-
lings allowed to struggle together, tho crosed plants had at
first no greab advantage. At one time the tallest crossed was
251 inches high, and tho tallest self-fertilised plants 213 Bus
the difference afterwards became much greater. The plants on
both sides, from being so crowded, were poor specimens. The
flowers were allowed fo fertilise themselyes spontancously under
a met; the crossed plants produced thirty-soven capsules, the
self-fortilised plants only eighteen, or as 100 to 47. The former
contained on an average 3-62 seeds per capsule; and the latter
3-38 soeds, or as 100 to 93. Combining these data (i, number
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of capsules and average number of sceds), the crowded erossed
plants produced seeds compared with the self-fertilised as 100
0 5. Theso latter sceds, however, were decidedly heayier, a
hundred weighing 41-64 grains, than those from the capsules
on the erossed plants, of which a hundred weighed 36-79 grains;
and this probably was due to the fewer capsules borne by the
self-fertilised plants having been better nourished. We thus see
fhat the crossed plants in this the first generation, when grown
under favourable conditions, and when grown under unfayour-
able conditions from being much crowded, greatly exceeded in
height, and in the nuinber of capsules produced, and slightly
in the number of seeds per capsule, the self-fertilised plants.

Grossed and sclf-fertilised Planis of the Second Generation—
Flowers on the crossed plants of the last generation (Table 1)
Sere crossed by pollen from distinet plants of the same genera-
fion; and flowers on the self-fertilised plants were fertilised by
pollen from the same flower. The seeds thus produced were
treated in cvery respect as before, and we have in Table IL
the result.

TasLe IIL (Second Generation.)

No.ofPot. | Crossed Plants. | Selffrtilised Plants.
B Inches. o
i, 87
83
[ S
T o e s
| 89 |
| 74 |
e S BRI o St e
Total inches. \ 505 | 308
I

Here again every single crossed plant is taller than .its anta-
gonist. The self-fertilised plant in Pot I, which ultimately
seached the unusual height of 80§ inches, was for a long timo
faller than the opposed crossed plant, though at last beaten by
it. The average height of tho six crossed plants is 84-16 inches,
whilst that of the six seli-fertilised plants is 6633 inches, or
a3 100 to 79.

Crossed and self-fertilised Plants of the Third Generation—Seeds
from the crossed plants of the last generation (Table IL.) again
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erossed, and from the self-fertilised plants again self-fertilised,
were treated in all respects exactly as before, with the following
result :—

Tapre IIL (Third Generation.)

No. of Put. ‘ Crossed Plants. Self-fertilised Plants.
T R ‘7 Alnchu. 9 Inches.
1 4 564
72 514
734 5 54
1L 82 59
81 30
82 66
Total inches. | 317-0

Again all the crossed plants are higher than their antagonists: -
t is 77-41 inches, whereas that of the self-
fertilised is 52°83 inches, or as 100 to 68.

T attended closely to the fertility of the plants of this third
gencration, Thirty flowers on the crossed plants wero crossed
With pollen from other crossed plants of the same generation,
and the twenty-six capsules thus produced contained, on an
average, 478 seeds; whilst thirty flowers'on the self-fertilised
plants, fertilised with the pollen from the same flower, produced
twenty-three capsules, each containing 443 seeds. Thus the
averago umber of seeds in the crossed capsules was to that in
the self-fertilised capsules as 100 to 94. A hundred of the
 seeds weighed 43°27 grains, whilst a hundred of the self-
sed seeds weighed only 37:63 grains. Many of these lighter

1f-fertilised seeds placed on dafp sand germinated hefore the
crossed ; thus thirty-six of the former germinated whilst only
thirteen of the latter or crossed seeds germinated. In PotI.
fhe three crossed plants produced spontaneously under the net
(besides the twenty- ix artificially cross-fertilised capsules) --
soventy-seven self-fertilised capsules containing on an average
141 seeds; whilst the three self-fertilised plants produced
g Iy (hesides the twenty-three artificially self-fertilised
capsules) only twenty-nine self-fertilised capsules, containing on
an average 414 seeds. Therefore the average number of sceds
in the two lots of spontaneously self-fertilised capsules was as
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100 to 94. Taking info consideration. the number of capsules
‘together with the average number of seeds, the crossed plants
(spontancously self-fertilised) produced seeds in comparison with
the self-fertilised plants (spontancously self-fertilised) in the
proportion of 100 to 35. By whatever method the fertility of
these plants is compared, the crossed are more fertile than the
self-fertilised plants.
1 tried in several ways the comparative vigour and powers of
" growth of the crossed and self-fertilised plants of this third
generation. Thus, four self-fertilised seeds which had just
germinated were planted on one side of a pot, and after an in-
terval of forty-eight hours, four crossed sceds in the same state
. of germination were planted on the opposite side; and the pot
was kept in the hothouse. I thought that the advantage thus
given to the self-fertilised seedlings would have been so great
that they would never have been beaten by the crossed ones.
They were not beaten until all had grown to a height of 18
inches; and the degree to which they were finally beaten is
shown in the following table (No. IV.). We here see that the
average height of the four crossed plants is 76-62, and of tho
four self-fertilised plants 6587 inches, or as 100 to 86; there-
fore less than when both sides started fair.

Tasie IV. (Third Generation, the self-fertilised Plants having
had a start of forty-eight hours.)

No. of Pot. Crossed Plants. ‘ Self-fert Plants.
Inches. Inches, 5t
1L 784 734
774 53
73 614
74 75§
Total inches. 306°5 / 2635

Crossed and self-fertilised seeds of the third generation were
also sown out of doors late in the summer, and therefore under
unfavourable conditions, and a single stick was given to each_
Iot of plants to twine up. The two lots were sufficiently
separato so as not fo interfere with each other’s growth, and the
ground was clear of weeds. As soon as they were killed by the
fivst frost (and there was no difference in their hardiness), the
two tallest crossed plants were found to be 24°5 and 22°5 inches,
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whilst the two tallest self-fertilised plants were only 15 and
125 inches in height, or as 100 to 59.

1 likewise sowed at the same time two lots of the same seeds
in a part of the garden which was shady and covered with
weeds, The crossed seedlings from the first looked the most
liealthy, but they twined up a stick only to a heightt of 74 inches;
whilst the self-fertilised weze not able to twine at all; and the
tallest of them was only 3} inches in height. :

Tastly, two lots of the same seeds were sown in the midst of
a bed of candy-tuft (Theris) growing vigorously. The seedlings
came up, but all the self-fertilised ones soon died excepting one,
Which never twined and grew to a height of only 4 inches.
Many of the crossed seedlings, on the other hand, survived;
and some twined up the stems of the Iheris to the height of
11 inches. These cases prove that the crossed seedlings
have an immense advantage over the self-fertilised, both when
growing isolated under very unfavourable conditions, and when
ut into competition with each other or with other plants, as
would happen in a state of nature.

Crossed and self-fertilised Plants of the Fourth Generation—Seed-
lings raised as before from the crossed and self-fertilised plants
of tho third generation in Table IIL, gave results as follows:—

Tavre V. (Fourth Generation.)

No. of Pot. Crossed Plants. | Selt-fertilised Plants.

| Inches. Inches.
34 80

juis 82

4885 421°0

Total inches.

Hero the average height of the seven. crossed plants is 69-78
inches, and that of the seven self-fertilised plants 60°14; or as
100 to 86. This smaller difference relatively to that in the
Former generations, may be attributed to the plants having been
raised during the depth of winter, and consequently to their not;
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having grown vigorously, as was shown by their general ap-
pearance and from several of them never reaching the summits
of the rods. In Pot IL, one of the self-fertilised plants was for
a long time faller by two inches than its opponent, but was
ultimately heaten by it, so that all the crossed plants exceeded
their opponents in height. Of twenty-eight capsules produced.
Dy the crossed plants fertilised by pollen from a distinet plant,
each contained on an average 4°75 seeds; of twenty-seven self-
fertilised capsules on the self-fertilised plants, each contained
on an average 4°47 seeds; so that the proportion of seeds in the
crossed and self-fertilised capsules was as 100 to 94.

Some of the same seeds, from which the plants in the last
Table V. had bheen raised, were planted, after they had germi-
nated on damp sand, in a square tub, in which a large Brug-
mansia had long heen growing. The soil was extremely poor *
and full of roots; six crossed seeds were planted in one corner,
and six self-fortilised seeds in the opposite corner. All the
seedlings from the latter soon died excepting one, and this grew
to the height of only 1} inches. Of the crossed plants three
survived, and they grew to the height of 23 inches, but were not
able o twine round a stick; nevertheless, to my surprise, they
produced some small miserable flowers. The crossed plants

 thus had a decided advantage over the self-fertilised plants

under this extremity of bad conditions.

Crossed and self fertilised Plants of the Fiftl. Generation.—These
were raised in the same manner as before, and when measured
gave the following results:—

TasLs VI (Fifth Generation.)

T
No.of Pot. Crossed Plants. | Self-fertilisod Plans.
Inches. | Inches.
I 96 | 73
86 | 78
69 \ 29
IE) 5 .
84
59
Total incles. | 374-00

The average height of the six crossed plants is 8254 inches,
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and that of the six self-fertilised plants 62-83 inches, or as 100
4075, Every crossed plant exceeded its antagonist in height.
n Pot I the middle plant on the crossed side was slightly
injured whilst young by a blow, and was for a time beaten by
its opponent, but ultimately recovered the usual superiority.
The crossed plants produced spontancously a vast number more
capsules than did the self-fertilised plants; and the capsules of
the former contained on an average 337 seeds, whilst those of
the latter contained only 3-0 per capsule, or as 100 to 89. But
looking only to the artificially fertilised capsules, those on the
crossed plants again crossed contained on an average 446
seeds, whilst those on the self-fertilised plants again self-
fertilised contained 4-77 seeds; so that the self-fertilised cap-
sules were the more fertile of the two, and of this unusual fact
1 can offer no explanation, !

Crossed and self fertilised Plants of the Sizth Generation—
These were raised in the usual manner, with the following result.
1 should state that there were originally eight plants on each
side; but as two of the self-fertilised became etremely un-
healthy and never grew to near their full height, these as well
as their opponents have been struck out of the list. If they had
been retained, they would have made the average height of the *
crossed plants unfairly greater than that of. the self-fertilised.
1 have acted in the same manner in a few other instances, when

_ one of a pair plainly became very unhealthy.

Tasus VIL (Siath Generation.)

Inches. Inches,
I 93 503
91 65
1 79 50
863 87
88 62
il 873 ‘ 643
Total inches, 525 ‘ 379

Tho average height of the six crossed plants is here 87-5, and
of the six self-fertilised plants 6316, 0ras100to 72. This large
difference was chiefly due to most of the plants, especially the
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solf-fertilised ones, having become nnhealthy towards the closo
of their growth, and they were soverely attacked by aphides.
From this cause nothing can be inferred with respect to their
relative fertility. In this generation we have the first instance
of a solf-fertilised plant in Pot 1T exceeding (though only by
half am inch) its crossed opponent. This victory was fairly won
affera long strugglo. At first the self-fertilised plant was several
inches faller than its opponent, but when the latter was 44
foet high it had grown equal; it then grew a little taller than
the self-fertilised plant, but was ultimately beaten by it to the
extent of half an inch, as shown in the table. I was so much
surprised at this case that I saved tho self-fortilised geeds of
this plant, which T will call the  Hero,” and experimented on
itss descondants, as will hereafter be described.

Bosides the plants included in Table VII., nine crossed and
nine self-fertilised plants of the same lot were raised in two
other pots, IV. and V. Theso pots had been kept in the hot-
house, but from want of room were, whilst the plants were
young, suddenly moved during very cold weather into the
coldest part of the greenhouse. “They all suffered greatly, and
never quite recovered. After a fortnight only two of the nine
solf-fertilised seedlings wero alive, whilst seven of the erossed
survived. The tallest of these latter plants when measured was
47 inches in height, whilst the tallest of the two surviving self- .
fortilised plants was only 32 inches. Here again we see how much
‘more vigorous the crossed plants are than tho self-fertilised.

Crossed and self-fertilised Plants of the Seventh Generation.—
These were raised a8 herotofore with the following result:i—

Tavts VIIL. (Seventh Generation.)

No. of Pot..
L
1L
823 | 804
1L 83 67§
86 602
1v. 84§ 754
Total inches. 755750 614-25
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Tach of these nine crossed plants is higher than its opponent,
though in one case only by three-quarters of an inch. Their
average height is $3-04 inches, and that of the sclf-fertilised
plants 6825, or as 100 to 1. These plants, after growing fo
Mheir full height, became very unbealthy and infested with
aphides, just when the sceds were sotting, 5o that many of the
capsules failed, and mothing can be said on their relative
fertility. ;

Crossed and self-fertilised Plants of the Bighth Generation—As
just stated, the plants of the last gencration, from which the
Dresent ones were raised, were very unhealthy and their seeds
of unusually small size; and this probably accounts fot the two
lots behaving differently to what they did in any of the pre-
Jious or suceeeding generations. Many of the self-fertilised
sceds gorminated before the crossed ones, and these wero of:
course rejected. When the crossed seedlings in Table IX. had
grown, to o height of between 1 and 2 feet, they were all, or
almost all, shorter than their self-fertilised opponents, but were
10t then measured. When they had acquired an average height;
of 3298 inches, that of the self-fertilised plants was 40-68, or
s 100 {o 192, Morcover, every one of the self-fertilised plants,
Wwith a single exception, exceeded its crossed opponent. When,
however, the crossed plants had grown to an average height of
77-56 inches, they just exceeded (viz., by 7 of an inch) the
average height of the self-fertilised plants; but two of the lattex

. wore still taller than theircrossed opponents. I was 8o much
astonished at this whole case, that I tied string to the summits
of the rods 5 the plants being thus allowed to continue climbing
upwards. When their growth was complete they were un-
twined, stretched straight, and measured. The crossed plants
had now almost regained their accustomed superiority, as may.
ho seen in Table IX.

Tho average height of the eight crossed plants is here 113-25
inches, and that of the self-fertilised plants 96°65, or as 100 to
5. Nevertheless two of the self-fertiliscd plants, as may beseen
in the fable, were still higher than their crossed opponents.
The latter manifestly had much thicker stems and many more
lateral branches, and looked altogether more vigorous than the
solf-fertilised plants, and generally flowered before them. The
earlior flowers produced by these self-fertilised plants did no
set any capsules, and their anthers contained only a small
amouut of pollen; but to this subject T shall return. Neverthe-
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Tess capsules produced by two other self-fertilised plants of the
same lot, not included in Table IX., which had been highly
favoured by being grown in separate pots, contained the large
average number of 51 seeds per capsule.

TasLe IX. (Eighth Generation

Total inches.

Crossed and self-fertilised Plants of the Ninth Generation.—
The plants of this generation were raised in the same manner
as before, with the result shown in Table X. :—

The fourteen crossed plants average in height 81°39 inches
and the fourteen self-fertilised plants 64°07, or as 100 to 79.
One self-fertilised plant in Pot I1T. exceeded, and one in Pot IV.
equalled in height, its opponent. The self-fertilised plants
showed no sign of inheriting the precocious growth of their
parents; this having been due, as it would appear, to the
abnormal state of the seeds from the unhealthiness of their
parents, The fourteen self-fertilised plants yielded only forty
spontancously self-fertilised capsules, to which must be added
seven, the product of ten flowers artificially self-fertilised. On
the other hand, the fourteen crossed plants yielded 152 spon-
tancously self-fertilised capsules; but thirty-six flowers on these
plants were crossed (yielding thirty-three capsules), and these
flowers would probably have produced about thirty spona-
neously self-fertilised capsules. Therefore an equal number
of the crossed and self-fertilised plants would have produced
capsules in the proportion of about 182 to 47, or as 100 to 26.
Another was well in this i
but I believe had occurred previously to a slight extent;

3
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namely, that most of the flowers on the self-fertilised plants
were somewhat monstrous, The monstrosity consisted in the
corolla being irregularly split so that it did not open properly,
with one or two of the stamens slightly foliaceous, coloured,
and firmly coherent to the corolla. I observed this monstrosity
in only one flower on the crossed plants. The self-fertilised
plants, if well nourished, would almost certainly, in a few more
generations, have produced double flowers, for they had already
become in seme degree sterile.*

Tastn X, (Ninth Generation.)

No.ofPot. |  Crossed Plunts. | SelF-fertilised Plants.

Tnches,

71

Ve 8
Crowded plants. 9
9

Total inches.

Crossed and. self~fertilised Plants of the Tenth Generation—Six
plants were raised in the usual manner from the crossed plants
of the Tast generation (Table X.) again intercrossed, and from
the' self-fertilised again self-fertilised. As one of the crossed
plants in Pot I. in the following fable hecame much diseased,
having crumpled leaves, and producing hardly any capsules, it
and its opponent have been struck out of the table,

* See on this subject * Variation  Domestication; chap. xvil
of Animals and Plants under edit. vol. ii. p. 152,
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Tapis XT. (Tenth Generation.)

No. of Pot. Cnmu\ Plants. Self-fertilised Plants.
_ bl 877 A
lnr-hru, | Iur\ws
i 24 73
343
s 544
. 544
19t
663

Total inches.

The five crossed plants average 93-7 inches, and the five self-
fortilised only 50-4, or as 100 to 54. This difference, however,
is so great that it must be looked at as in part accidental. The
six crossed plants (the diseased one here included) yielded spon-

" taneously 101 capsules, and the six self-fertilised plants 88,
the Tatter heing chiefly produced by one of the plants. But as
the diseased plant, which yielded hardly any seed, is here included,
fhe ratio of 101 to 88 does ot fairly give the relative fertility of
the two lots. Thestems of the six crossed plants looked so
much finer than those of the six self-fertilised plants, that after
the capsules had been gathered and most of the leaves had fallen
off, they were weighed. Those of the crossed plants weighed
9,603 grains, whilst those of the self-fertilised plants weighed
only 1,173 grains, or as 100 to 44; but as the diseased and
dwarfed crossed plant is here included, the superiority of the
former in weight was really greater.

The Effects on the Offspring of crossing ent Flowers
on the swme Plant, instead of crossing distinet Individuals.
—TIn all the foregoing experiments, seedlings from
flowers crossed by pollen from a distinct plant (though
in the later generations more or less closely related)
were put into competition with, and almost invariably
proved markedly superior in height to the offspring
from self-fertilised flowers. T wished, therefore, to
ascertain whether a cross between two flowers on the
same plant would give to the offspring any superiority
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over the offspring from flowers fertilised with their
own pollen. I procured some fresh seed and raised
two plants, W hich were covered with a net; and several
of their flowers were crossed with pollen from a dis-
tinet flower on the same plant. Twenty-nine capsules
thus produced contained on an ayerage 4-86 seeds per
capsule; and 100 of these seeds weighed 36°77 grains.
Several other flowers were fertilised with their own.
pollen, and twenty-six capsules thus produced con-
tained on-an average 4 seeds per capsule ; 100 of
which weighed 42-61 grains. So that a cross of this
kind appears to have increased slightly the number of
eds per capsule, in the ratio of 100 to 91 ; but these
crossed seeds were lighter than the self-fertilised in the
ratio of 86 to 100. I doubt, however, from other
observations, whether these results are fully trust-
worthy. The two lots of seeds, after germinating on
sand, were planted in pairs on the opposite sides of nine
pots, and were treated in every respect like the plants
in the previous experiments. The remaining seeds,
some in a state of germination and some not so, were
sown on the opposite sides of a large pot (No. X.);
and the four tallest plants on each side of this pot
were measured. The result is shown in the following
- table:— :

The average height of the thirty-one crossed plants is
73-23 inches, and that of the thirty-one self-fertilised
plants 77-41 inches; or as 100 to 106. Looking to
each pair, it may be seen that only thirteen of the
crossed plants, whilst eighteen of the self-fertilised *
plants exceed their opponents. A record was kept with
respect to the plant which flowered first in each pot;
and only two of the crossed flowered before one of the
self-fertilised in the same pot; whilst eight of the self-
fertilised flowered first, It thus appears that the.

se
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Tapre XIL

No. of Pot. Crossed Plants. ‘ Self-fertilised Plants.
84
861
90§
86
694
874
Iv. 804
734 88l
844
V. 7 66
763 kit
814
AL 704
79
794
VIL 76
844
79
VIIL | 73
67
83
IX. 733
78
X 34
Crowded plants. 82
848
71
Total inches.
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crossed plants are slightly inferior in height and in
earliness of flowering to the self-fertilised. But the
inferiotity in height is so small, namely as 100 to 106,
that I should have felt very doubtful on this head,
had I not cut down all the plants (except those
in the crowded pot No. X.) close to the ground amd
weighed them. The twenty-seven crossed plants
iched 16} ounces, and the twenty-seven self-fer-
tilised plants 205 ounces; and this gives a ratio of
100 to 124.

A self-fertilised plant of the sume parentage as those
in Table XTI had been raised in a separate pot for a
distinet purpose; and it proved partially sterile, the
anthers containing very little pollen. Several flowers
on this plant were crossed with the little pollen which:
could be obtained from the other flowers on the same
plant; and other flowers were self-fertilised. - From the
seeds thus produced four crossed and four self-fertilised
plants were raised, which were planted in the usual
manner. on the opposite sides of two pots. All these
four crossed plants were inferior in height to their
opponents ; they averaged 78°18 inches, whilst the

100 to 108.* This case, therefore, confirms the last.
Taking all the evidence together, we must conclude
that these strictl “fertilised plants grew a little
taller, were heavier, and generally flowered before
those derived from a cross between two flowers on the
same plant. These latter plants thus present a’won-
derful contrast with those derived. from a eross between
two distinet individuals. i

@

n average only 8:2 sceds per
pontancously sclf-  capsule; so that this plant bad
thered twenty-four ly inherited some of tho

' and they containtd on  sterility of its parent.

* From one of these self
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The Effects on the Offspring of a Cross with a distinct
or fresh Stock belonging to the same Variety—From the
two foregoing series of experiments we see, firstly, the
good effects during several successive generations of
a cross between distinet plants, although these were
in some degree inter-related and had been grown
under nearly the same conditions ; and, secondly, the
absence of all such good effects from a cross between
flowers on the same plant; the comparison in both
cases being made with the offspring of flowers fertilised
with their own pollen. The experiments now to be
given show how powerfully and beneficially plants,
which have been intercrossed during many successive
generations, having been kept all the time under
nearly uniform conditions, are affected by a cross with
another plant belonging to the same variety, but to a
distinet family or stock, which had grown under dif-
ferent conditions.

Several flowers on the crossed plants of the ninth generation
in Table X., were crossed with pollen from another crossed plant
of the same lot. The seedlings thus raised formed the tenth
intererossed generation, and T will call them the  intercrossed
plants”  Several other flowers on the same crossed plants of
the ninth generation were fertilised (not having been castrated)
with pollen taken from plants of the same variety, but belonging
to a distinet family, which had been grown in a distant garden
at Colchester, and therefore under somewhat different conditions.
The capsules produced by this cross contained, to my surprise,
fewer and lighter seeds than did the capsules of the intercrossed
plants; but this, I think, must have been accidental. The seed-
lings Taised from them I will call the  Colchester-ciossed.” The
two lots of seeds, after germinating on sand, were planted in
the usual manner on the opposite sides of five pots, and the
romaining seeds, whether or not in-a state of germination,
were thickly sown on the opposite sides of a very large pot,
No. VI, in Table XIIL. In three of the six pofs, after the
young plants had twined a short way up their sticks, one of the
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Colchester-crossed plants was much taller than any one of
fhe intercrossed plants on the opposite side of the same pot;
and in the three other pots somewhat taller. I should state
that two of the Colchester-crossed plants in Pot IV., when
about two-thirds grown, became much diseased, and were,
together with their intercrossed opponents, rejected. The
remaining nineteen plants, when almost fully grown, were
measured, with the following resulti—

Tasie XIIL

5 Colchester-crossed | Intercrossed Plants of
No. of Rot. Plan the Tenth Generation.|
Tnches. Tnche.
Ti 7 78
684
94§
1L 60
873
454
1L 704
818
863
Iv.
V

Crowded plants ina
Very large pot.

= | -
Total inches. 159550 1249°75

Tn sixteen out of these mineteen pairs, the Colchester-crossed
plant exceeded in height its intercrossed opponent. The average
height of the Colchester-crossed is 8403 inches, and that of
the intererossed 65°78 inches; or as 100 to 78. With respect
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to the fertility of the two lots, it was too troublesome to collect
and count the capsules on all the plants; so I selected two of
the best pots, V. and VI, and in these the Colchester-crossed
produced 269 mature and half-mature capsules, whilst an equal
number of the intercrossed plants produced only 154 capsules ;
or as 100 to 57. By weight the capsules from the Colchester-
crossed plants were to those from the intercrossed plants as
100 to 51; so that the former probably contained a somewhat
larger average number of sceds.

We learn from this important experiment that
plants in some degree related, which had been inter-
crossed during the nine previous generations, when they
were fertilised with pollen from a fresh stock, yielded
seedlings as superior to the seedlings of the tenth
intercrossed generation, as these latter were to the self-
fertilised plants of the corresponding generation. For
if we look to the plants of the ninth generation in
Table X. (and these offer in most respects the fairest;
standard of comparison) we find that the intercrossed
plants were in height to the self-fertilised as 100 to 79,
and in fertility as 100 to 26; whilst the Colchester-
crossed plants are in height to the intercrossed as 100
to 78, and in fertility as 100 to 51.

Tlhe Descendants of the tilised Plint, named Hero, which
apprared in the Sixth sed Generation.—In the five gene
tions before the sixth, the crossed plant of each pair was
than ifs self-fertilised opponent; but in the sixth gen
(Table VIL, Pot IL.) the Hero appeared, which after a long and
dubious struggle conquered its crossed opponent, though by
only half an inch. Iwas so much surprised at this fact, that
T resolved to ascertain whether this plant would transmit
its powers of growth to its secdlings. Several flowers on
Hero were therefore fertilised with their own pollen, and the
scedlings thus raised were put ino competition with self-fer-
tilised and i plants of the
“The three lots of seedlings thus all belong to the seventh genera-
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fion, Their relative heights are shown in the twy following
tables :— 2
TasLe XIV.
5 L {l:\ s
Noortor | LS Chidren of
‘Hero.
o | 7 Tnches. Toches.
T 74 894
60 61
553 49
11 92
91§
743
A =F) S UM
Total inches. ‘ 44725 1
The average height of the six self-fertilised children of Hero
is 7454 inches, whilst that of the ordinary self-fertilised plants

of the corresponding generation is only 62°58 inches, or as 100

to 84.
Taeie XV.

Sel-fertilised Plants
ilised PLADS | 1o, rorossed Plants of)
of tho Seventh Gene- | TALETCIossed Bunte ¢

LR Tation, Children of

Tnches.
92

1L [

1

Vi

266

Total inches. ‘

ero the average height of the three self-fertilised children of
Tero is 88-91 inches, whilst that of the intercrossed plants i
§1-16; or as 100 to 95. Wo thus see that the self-fertilised
children of Hero certainly inherit the powers of growth of their
pavents; for they greatly exceed in height the seli-fetilised
offspring of the other sclf-fertilised plants, and even exceed
by @ trifle the intercrossed plants,—all of the corresponding

generation.
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Several flowers on the self-fertilised children of Hero in Table
XIV. were fertilised with pollen from the some flower; and from
tho sceds thus produced, self-fertilised plants of the eighth
generation (grand-children of Horo) were raised, Several ofher
flowers on the same plants were crossed with pollen from the other
children of Hero. The seedlings raised from this cross may be
considered as the offspring of the union of brothers and sisters.
The result of the competition between these two sets of seedlings
(namely self-fertilised and the offspring of brothers and sisters)

. is given in the following table:—

TapLe XVIL

| roma
]
e Gt

e

| Self-fuxtilised Grand-
children of Hero,
No.of Pot, from il Sel-frlised
Children.
Generation.

5 Inches Inct
It 868 9
904 95§

IL 98 85
7

363
74

v 90}
90§

Total inches. 1037+00 973°16

The average height of the thirteen self-fertilised grandehildren
of Hero is 7976 inches, and that of the grandehildren from o
cross hetween the self-fertilised children is 74-85; or as 100 to 94.
But in Pot IV. one of the crossed plants grew only to a height of
15} inches; and if this plant and its opponent are struck out, as
would be the fairest plan, the average height of the crossed
plants exceeds only by a fraction of an inch that of the self-ferti-
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lised plants. It is therefore clear that a cross between the self-
fertilised children of Hero did not" produce any beneficial effect
worth notice; and it is very doubtful whether this negative result
can bo attributed merely to the fact of brothers and sisters having
been united, for the ordinary intercrossed plants of the several
suceessive generations must often have been derived from the
umion of brothers and sisters (as shown in Chap. 1), and yet all
of them were greatly superior to the self-fertilised plants. We
are therefore, driven to the suspicion, which we shall soon see
strenuthened, that Hero transmitted to its offspring a peculiar
constitution adapted for self-fertilisation.

It would appear that the self-fertilised descendants of Hero
lave not only inherited from Hero a power of growth equal to
that of the ordinary intercrossed plants, but have become more
fertile when gelf-fertilised than is usual with the plants of the
present spe The flowers on the self-fertilised grandchildren
of Hero in Table X zeneration of self-fertilised
plants) were fertilised with their own pollu.\ and produced plenty *
of capsules, ten of which uhomh this is too few a number for a
safe average) contained 5 apsule,—a higher average
than was observed in any other casewith the self-faztilised plantel

. The anthers produced by these self-fertilised grandchildren were
also as well developed and contained as much pollen as those on
the intererossed plants of the corresponding generation ; whereas
this was not the case with the ordinary self-fertilised plants of
the later generations. Nevertheless some few of the flowers
Produced by the grandchildren of Hero were slightly monstrous,
like those of the ordinary self-fertilised plants of the later genera~
tions. In order not to recur to the subjeet of fertility, T may add
that twenty-one self-fertilised capsules, spontaneously produced

randchildren of Hero (forming the ninth generation
self-fertilised plants), contained on an average 4°47 seeds; and:
this is as high an average as the self-fertilised flowers of any
generation usually yiclded.

ral flowers on the self-fertilised grandchildren of Hero in

VI. were fertilised with pollen from the same flower; and

the seedlings raised from them (great-grandehildren of Hero)
formed the ninth self-fertilised generation. Several other flowers
were crossed with pollen from another grandehild, so that they
may be considered as the offspring of brothers and sisters, and the
scedlings thus raised may be called the infercrossed great-grand-
children. And lastiy, other flowers were fertilised with pollen
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from a distinet stock, and the seedlings thus raised may be

called the Colchester-crossed great-grandehildren. In my anxicty

to see what the result would be, I unfortunately planted the

three I6ts of seeds (after they had germinated on sand) in the

hothouse in the middle of winter, and in consequence of this the

seedlings (twenty in number of each kind) became very unhealthy,

some growing only a few inches in height, and very few to their

proper height. The result, therefore, cannot be fully trusted ;

and it would be useless to give the measurements in detail. In

order to strike as fair an average as possible, I first excluded all

the plants under 50 inches in height, thus rejecting all the most

unhealthy plants. The six self-fertilised thus left were on an |
average 66°86 inches high; the eight intercrossed plants 63-2

high; and the seven Colchester-crossed 65°37 highs so that

there was not much difference between the three sets, the self-

fertilised plants having a slight advantage. Nor was there any
great difference when only the plants under 36 inches in height

were cxeluded. Noragain when all the plant; ver much

dwarfed and unhealthy, were included. In thi e the

Colchester-crossed gave the lowest average of all; and if these

plants had been in any marked manner superior to the other

two lots, as from my former experience I fully expected they

would have been, T cannot but think that some vestige of such

superiority would have been evident, notwithstanding the very

unhealthy condition of most of the plants. Noadvantage, as far

as we can judge, was derived from intercrossing two of the

grandchildren of Hero, any more than when two of the children

were crossed. Tt appeaxs therefore that Hero and its descendants

haye varied from the common type, not only in acquiring great

power of growth, and increased fertility when subjected to self:
fertilisation, but in not profiting from a cross with a distinct
stock; and this Iatter fact, if trustworthy, is a unique case, as
far as T have observed in all my experiments.

Summary on the Growth, Vigour, and Fertility of the
successive Generations of the crossed and self-fertili
Plants of Ipomeea purpurea, together with some midsce
laneous Observations.

In the following table, No. XVIL, we see the average
or mean heights of the ten successive generations of
the intercrossed and self-fertilised plants, grown in
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competition with each other; and in the right-hand
column we have the ratios of the one to the other, the
height of the intercrossed plants being taken at 100.
In the bottom line the mean height of the seventy-
three intercrossed plants is shown to be 85-84 inches,
and that of the seventy-three self-fertilised plants
6602 inches, or as 100 to 77.
TapLe XVIL
Tpomaa purpurea.  Summany of Measurements (in Tnches) of

the Ten Generations.
| e Number| A\'crngc‘Ruﬁn between

o citiit | of Self- Height of | Averige
Croted of Crawedforti | Selifortl|  Heights of
Plants. | Plats.

|
Number| Avi
f | H

Number of the Generation.
se Crossed and

i Sed ar
Dlauts. | Self-fertilised
| Plants.

| lise
‘ | Plan

5100 to 76

First gene

Table L.

as 100 to 79

as 100 to 68

Third generation.
‘Table 111.

s 100 to 86

as 100 to 75

jon. o .
e VI. | |
Sixth generation. . .| 6 |87:50 | as 100 to 72
“Table V1 [ | |

as 100 to 8L
|

Seventh generation . . | 9 ‘es-au‘

Table VIIL |

Kighth gener |8 |25 | 8 |96°65 as 100 to 85
Table ‘ | | I
Ninth

eration . . | 14 |81:39 | 14 | 64:07 ias 100 to 79
Table X.

uth generation

Table XI.

‘1‘1"021
‘ 66

AlL the ten gene

tions:
s a5 100 to 77
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The mean height of the self-fertilised plants in
cach of the ten generations is also shown in the
accompanying diagram, that of the intercrossed plants
being taken at 100; and on the right side we see
the relative heights of the seventy-three intercrossed
plants, and of the seventy-three self-fertilised plants.
The difference in height between the crossed and

P o g T
Cenerari Genorations

Diagram showing the mean heights of the crossed and self-fertilised
plants of Zpomza purpurea in the ten generations; the mean
crossed plants being taken as 100. On the right hand, the mean heights of
the crossed and self-fertilised plants of all the generations taken together
are shown.

self-fertilised plants will perhaps be best appreciated
by an illustration : If all the men in a country were
on an average 6 feet high, and there were some families
which had been long and closely interbred, these
would be almost dwarfs, their average height during
ten generations being only 4 feet 8} inches.
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Tt should be especially observed that the average dif-
ference between the crossed and self-fertilised plants
is not due to a few of the former having grown to an
extraordinary height, or to a few of the self-fertilised
being extremely short, but to all the crossed plants
having surpassed their self-fertilised opponents, with
the few following exceptions. The first occwrred in
the sixth generation, in which the plant named Hero”
appeared ; two in the eighth generation, but the self-
fertilised plants in this generation were in an anomalous
condition, as they grew at first at an unusual rate and
conquered for a time the opposed crossed plants ; and
two exceptions in the ninth generation, though -one
of these plants only equalled its crossed opponent.
Therefore, of the seventy-three crossed plants, sixty-
eight grew to a greater height than the self-fertilised
plants, to which they were opposed.

Tn the right-hand column of figures, the difference
in height between the crossed and self-fertilised plants
in the successive generations is seen to fluctuate much,
as might indeed have been expected from the small
number. of plants measured in each generation being:
insufficient to give a fair average. It should be
remembered that the absolute height of the plants
goes “for nothing, as each pair was measured as

soon as one of them had twined up to the summit .

of its rod. The great difference in the tenth genera-
tion, viz.,, 100 to 54, no doubt was partly accidental,
though, when these plants were weighed, the differ-
ence was even greater, viz, 100 to 44, The smallest
amount of difference occurred in the fourth and the
eighth generations, and this was apparently due to
both the crossed and self-fertilised plants having
become unhealthy, which prevented the former attain-
ing their usual degree of superiority. This was an
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unfortunate ecircumstance, but my experiments were
not thus vitiated, as both lots of plants were exposed
to the same conditions, whether favourable or un-
favourable.

There is reason to helieve that the flowers of this
Ipomeea, when growing out of doors, are habitually
crossed by insects, so that the first seedlings which T
raised from purchased.seeds were probably the offspring
of a cross. I infer that this is the case, firstly from
humble-bees often visiting the flowers, and from the
quantity of pollen left by them on the stigmas of such
flowers ; and, secondly, from the plants raised from the
same lot of seed varying greatly in the colour of their
flowers, for as we shall hereafter see, this indicates
much intercrossing.* It is, therefore, remarkable
that the plants raised by me from flowers which were,
in all probability, self-fertilised for the first time after
many generations of ecrossing, should have been so
markedly inferior in height to the intercrossed plants
as they were, namely, as 76 to 100. As the plants
which were self-fertilised in each succeeding generation
necessarily became much more closely interbred in
the Jater than in the earlier generations, it might have
been expected that the difference in height between
them and the crossed plants would have gone on in-
ereasing ; but, so far is this from being the case, that
the difference between the two sets of plants in the
seventh, eighth, and ninth generations taken together
isless than in the first and second generations together.
‘When, however, we remember that the self-fertilised
and crossed plants are all descended from the same

* Verlot says (‘Sur In Produc-  color, cannot be kept pure unless
tion des Variétes! 1865, p. 66) grown at a distance from all other
that certain varietios of a closely  varicties.

allied plant, the Convoloulus tri-

© The Complete Work of Charles Darwin Online



50 IPOM(EA PURPUREA. Cuar. IT,

mother-plant, that many of the crossed plants in each
generation were related, often closely related, and that
all were exposed to the same conditions, which, as we
shall hereafter find, is a very important circumstance, it
is not at all surprising that the difference between
them should have somewhat decreased in the later
generations. It is, on the contrary, an astonishing fact,
that the crossed plants should have been victorious,
even to a ht degree, over the self-fertilised plants
of the later generations.

The much greater constitutional vigour of the
crossed than of the self-fertilised plants, was proved on
five occasions in various ways; namely, by exposing
them, while young, to a low temperature or to a
sudden change of temperature, or by growing them,
under very unfavourable conditions, in competition
with full-grown plants of other kinds. 4

With respect to the productiveness of the crossed
and self-fertilised plants of the successive generations,
my observations unfortunately were not made on any
uniform plan, partly from the want of time, and partly
from not having at first intended to observe more than
a single generation. A summary of the results is here
given in a tabulated form, the fertility of the crossed
plants being taken as 100.

First Generation of crossed and sdlf fertilised Plauts
growing in competition with one another—Sisty-five
capsules produced from flowers on five erossed plants
fertilised by pollen from a distinct plant, and fifty-five
capsnles produced from flowers on five self-fertilised
plants fertilised by their own pollen, contained seeds
in the proportionof . . . . ..

Tifty-six spontaneously self-fertilised capsules on
the above five crossed plants, and twenty-five sponta-
neously self-fertilised capsules on the above five self-
fortilived plants, yielded sceds in the proportion of . 100 to 99

100 to 93
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Combining the total number of capsules produced
by theso plants, and the average number of seeds in
each, the above crossed and self-fertilised plants
yiclded seads in the proportion of .

Other plants of this first generation grown under

and y solf-ferti-
Tised, yielded seeds in the proportion of .

T e iied Blanis,
—Crossed capsules compared with self-fertilised cap-
sules contained seeds in the ratio of

An oqual number of crossed and self-fertilised
plants, both spontancously self-fertilised, 1nmlncul
capsules in the ratio of .

And these capsules contained seeds mtllu ratio of |

¢ these data, the T of the
crossed to the self-fertilised plants, both spontane-
ously self-fertilised, wa i

Fourth Generation of cross :
—Capsules from flowers on the crossed plants ferti-
Tised by pollen from another plant, and capsules from
flowers on the self-fertilised plants fertilised with their
own pollen, contained seeds in the proportion of

Fifth Generation of crossed and se ilised Plants.
—The crossed plants produced spontancously a vast
number more pods (not actually counted) than the
selffortilised, and these contained seeds in the pro-
portion of Nl A
L e ilsi)r Tere heeid Plcnitn
Fourteen crossed plants, spontancously self-ferti-
lised, and fourteen self-fertilised plants spontancously
self-fortilised, yielded capsules (the averagd number
of seeds per capsule nob having been ascurtaiuad) in
the proportion of .

Plants derived from a cross uuth a ﬁa&h S'uck com-
pared with intercrossed Plants.—The offspring of inter-
erossed plants of the ninth generation, crossed by a
fresh stock, compared with plants of the same stock
intererossed during ten generations, both sets of plants
left uncovered and naturally fertilised, produced
capsules by weight as . MO b

57

100 to 64

100 to 45

100 to 94

100 to 38
100 to 94

100 to 35

100 to 94

100 to 89

100 to 26

100 to 51

We see in this table that the crossed plants are
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s in some degree more productive than the self-
x"ermxsed plants, by whatever standard they are com-
pared. The degree differs greatly; but this depends
chiefly on whether an average was taken of the seeds
alone, or of the capsules '\lone, or of both combined.
The relative superiority of the crossed plants is chiefly
due to their producing a much greater number of cap-
and not to each capsule containing a larger
number of seeds. For instance, in the third
generation the crossed and self-fertilised plants pro-
duced capsules in the ratio of 100 to 38, whilst the
seeds in the capsules on the crossed plants were to
those on the self-fertilised plants only as 100 to 94.
Tn the eighth generation the capsules on two self-
fertilised plants (not included in the above table),
grown in separate pots and thus not sulgected to any
competition, yielded the large average of 5:1 seeds.
The smaller number of c'lpsu]es plo«lm‘(d by the self-
fertilised plants may be in part, but not altogether,
attributed to their lessened size or height; this being
chiefly due to their lessened constitutional vigour, so
that they were not able to compete with the crossed
plants growing in the same pots. The seeds produced:
by the crossed flowers on the crossed plants were not
always heavier than the self-fertilised seeds on the
self-fertilised plafits. The lighter seeds, whether pro-
duced from crossed or self-fertilised flowers, generally
germinated before the heavier sceds. I may add that
the crossed plants, with very few exceptions, flowered
before their self-fertilised opponents, as might have
been expected from their greater height and vigour.
The impaired fertility of the self-fertilised plants was
shown in another way, namely, by their anthers being
smaller than those in the flowers on ‘the crossed plants.
This was first observed in the seventh generation, but
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may have occurred earlier. Several anthers from flowers
on the crossed and self-fertilised plants of the ecighth
generation were compared under the microscope ; and
those from the former were generally longer and plainly
broader than the anthers of the self-fertilised plants.
The quantity of pollen contained in one of the latter
was, as far as could be judged by the eye, about half
of that contained' in one from a crossed plant. The
impaired fertility of the .self-fertilised plants of the
eighth generation was also shown in another manner,
which may often be observed in hybrids—namely, by the
first-formed flowers being sterile. For instance, the
fifteen first flowers on a self-fertilised plant of one of the .
later generations were carefully fertilised with their
own pollen, and eight of them dropped off; at the same
time fifteen flowers on a crossed plant growing in the
same pot were self-fertilised, and only one dropped off.
On two other crossed plants of the same generation,
several of the earliest flowers were observed to fertilise
themselves and to produce capsules. In the plants of
the ninth, and I believe of some previous generations,
very -many of the flowers, as already stated, were
slightly monstrous; and this probably was connected
with their lessened fertility.
All the self-fertilised plants of the seventh genera-
tion, and I believe of one or two previous generations,
produced flowers of exactly the same tint, namely, of a
rich dark purple. So did all the plants, without any
exception, in the three succeeding generations of self-
fertilised plants ; and very many were raised on account
of other experiments in progress not here recorded.
My attention was first called to this fact by my
gardener remarking that there was no occasion to label
the self-fertilised plants, as they could always be known
by their colour. The flowers were as uniform in tint
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as those of a wild species growing in a state of nature ;
whether the same tint occurred, as is probable, in the
earlier generations, neither my gardener nor self could
recollect. The flowers on the plants which were first,
raised from purchased seed, as well as during the first
few generations, varied much in the depth of the
purple tint; many were more or less pink, and occa~
sionally a white variety appeared. The crossed plants
continued to the tenth generation to vary in the same
manner as before, but to a much less degree, owing,
probably, to their having become more or less closely
inter-related. We must therefore attribute the extra-
ordinary uniformity of colour in the flowers on the
plants of the seventh and succeeding self-fertilised
generations, to inheritance not having been interfered
with by crosses during several preceding generations,
in combination with the conditions of life having been
very uniform. i

A plant appeared in the sixth self-fertilised genera-
tion, named the Hero, which exceeded by a little in
Leight its crossed antagonist, and which transmitted
its powers of growth and increased self-fertility to its
children and grandchildren. A cross between the
children of Hero did mot give to the grandchildren
any advantage over the self-fertilised grandchildren
raised from the self-fertilised children. And as far as
my observations can be trusted, which were made on
very unhealthy plants, the great-grandchildren raised
from intercrossing the grandchildren had no advantage
over the seedlings from the grandehildren the product
of continued self-fertilisation; and what is far more
remarkable, the great- srandchildren raised by crossing
the grandchildren with a fresh stock, had no advantage
over cither the intercrossed or self-fertilised great-
grandehildren. It thus appears that Hero and its
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descendants differed in constitution in an extraordinary
manner from ordinary plants of the present species.

Although the plants raised during ten successive
generations from crosses between distinet yet inter-
related plants almost invariably exceeded in height,
constitutional vigour, and fertility their self-fertilised
opponents, it has been proved that seedlings raised
by intercrossing flowers on the same plant are by no
means superior, on the contrary are somewhat inferior
in height and weight, to seedlings raised from flowers
fertilised with their own pollen. This is a remarkable
faet, which seems to indicate that self-fertilisation is
in some manner more advantageous than ecrossing,
unless the cross brings with it, as is generally the c
some decided and preponderant advantage ; but to this
subject I shall recur in a future chapter.

The benefits which so generally follow from a
cross between two plants apparently depend on the
two differing somewhat in constitution or character.
This is shown by the scedlings from the intercrossed
plants of the ninth generation, when crossed with
pollen from a fresh stock, being as superior in
height and almost as superior in fertility to the again
intercrossed plants, as these latter were to seedlings
from self-fertilised plants of the corresponding gen-
eration. We thus learn the important fact that the
mere act of crossing two distinct plants, which are
in some degree inter-related and which have been
long subjected to mearly the same conditions, does
little good as compared with that from a cross between
plants belonging to different stocks or families, and
which have been subjected to somewhat different con-
ditions. We may attribute the good derived from
the crossing of the intercrossed plants during the
ten suceessive generations ‘to their still differing some-

se,
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what in constitution or character, as was indeed proy
by their flowers still differing somewhat in col
But the several conclusions which may be dedu
from the experiments on- Ipomeea will be more fully:
~ considered in the final chapters, after all my other
observations have been given.
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CHAPTER III.
SUROPHULARIACEE, GESNERIACEX, LABIATE, ETO.

Mimulus Tuteus; height, vigour, and fertility of the crossed and self-
fertilised plants of the first four generations—Appearance of a
new, tall, and highly self-fertile varicty—Offspring from a cross
between self-fertili plants—E ts of a cross with a fresh stock
—Effects of crossing flowers on the same plant—Summary on
Mimulus Inteus—Digitalis purpurea, superiority of the cros
plants—Effects of erossing flowers on the same plant—Caleeol
—Linaria. vlﬂg:uhf\felbnseum thapsus — Vandellia numm
folia—Cleistogene
Origanum vulgare, great increase of the crossed plants by stolons
—Thunbergia alata,

=%

Ix the family of the Scrophulariaces I experimented
on species in the six following genera: Mimulus,
Digitalis, Calceolaria, Linaria, Verbascum, and Van-.
dellia.

II. SCROPHULARTACE/E.—MMMULUS LUTEUS.

The plants which T raised from purchased seed varied greatly
in the colour of their flowers, so that hardly two individuals
were quite alike; the corolla being of all shades of yellow,
with the most diversified blotches of purple, crimson, orange,
and coppery brown. But these plants differed in no other
Tespect.* The flowers are evidently well adapted for fertilisa-
tion by the agency of insects; and in the case of a closely allied
species, M. rosea, T have watched bees entering the flowers, thus
getting their backs well dusted with pollen; and when they
entered another flower the pollen was licked off their backs by

* T sent several spocimens with ~ The flowers with much red have
variously coloured flowers to Kew,  been named by horticulturists as
and Dr. Hooker informs mo that  var. Youngiana.
they all consisted of M. luteus.

B
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the two-lipped stigma, the lips of which are irritable and close
like a forceps on the pollen-grains. If no pollen is enclosed
Detween the lips, these open again after a time. Mr. Kitchener
has ingeniously explained * the use of these moyements, namely,
fo prevent the self-fertilisation of the flower. If a bee with
10 pollen on its back enters a flower it touches the stigma,
which quickly closes, and when the bee retires dusted with
pollen, it can’ leave none on the stigma of the same flower.
But as soon as it enters any other flower, plenty of pollen is
left on the stigma, which will be thus cross-fertilised. Never-
theless, if insects are excluded, the flowers fertilise themselves
perfectly and produce plenty of sced; but T did not ascertain
Whether this is effected by the stamens increasing in length
with advancing age, or by the bending down of the pistil. The
chief interest in my experiments on the present species, lies in
the appearance in the fourth self-fertilised generation of a
variety which bore large peculiarly-coloured flowers, and grew
to a greater height than the other varieties; it likewise became
more highly self-fertile, so that ‘this variety resembles the
plant named Hero, which appeared in the sixth self-fertilised
generation of Tpomcea.

Some flowers on one of the plants raised from the purchased
seeds were fertilised with their own pollen ; and others on the
same plant were crossed with pollen from a distinet plant. The
seeds from twelve capsules thus produced were placed in
separate watch-glasses for comparison; and those from the six
crossed capsules appeared to the eye hardly more numerous
than those from the six seli-fertilised capsules. But when the
seeds were weighed, those from the crossed capsules amounted
to 102 grain, whilst those from the seli-fertilised capsules
were only ‘81 grain; so that the former were either heavier or
more numerous than the latter, in the ratio of 100 to 79.

Crossed and self-fertilised Plants of the First Generation.—Haying
ascertained, by leaving crossed and self-fertilised seed on damp
sand, that they germinated simultaneously, both kinds were
thickly sown on opposite sides of a broad and rather shallow
pan; so that the two sets of seedlings, which came up at the
same time, were subjected to the same unfayourable conditions.
This was a bad method of treatment, but this species was one of
the first on which I experimented. When the crossed seedlings

* ¢A Year’s Botany,’ 1874, p. 118.
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sere on an average half an inch high, the self-fertilised ones
swere only a quarter of an inch high. When grown to their full
height under the above unfavourable conditions, the four tallest
cvossed plants averaged 7-62, and the four tallest self-fertilised
5-87 inchesin height; oras 100to77. Ten flowers on the crossed
plants were fully expanded hefore one on the self-fortilised
plants. A few of theso plants of both lots were transplanted
into a large pot with plenty of good earth, and the self-fertilised
plants, not now being subjected to severe competition, grew
during the following year as tall as the crossed plants; but
from a case which follows it is doubtful whether they would
have long continued efual. Some flowers on the crossed plants
wWere crossed with pollen from another plant, and the capsules
thus produced contained arather greater weight of seed than
those on the self-fertilised plants again self-fertilised.

Crossed and. rtilised Plants of the Second Generation.—Seeds
from the foregoing plants, fertilised in the mamner just stated,
wWere sown on the opposite sides of a small pot (L) and came up
crowded. The four tallest crossed seedlings, at the time of
flowering, averaged 8 inches in height, whilst the four fallest
self-fertilised plants averaged only 4 inches. Crossed seeds
Were sown by themselves in a second small pot, and self-
fertilised seeds were sown by themselves in a third small pot;
g0 that there was no competition whatever between these two
lofs. Nevertheless tho crossed plants grew from 1 to 2
inches higher on an average than the self-fertilised. Both lots
looked equally vigorous, but the crossed plants flowered earlier
and more profusely than the self-fertilised. In Pot T, in which
the fwo lots competed with each other, the crossed plants flowered
fiest and produced a large number of capsules, whilst the
self-fertilised produced only, nincteen. The contents of twelve
capsules from the crossed flowers on the crossed plants, and
of twelve capsules from self-fertilised flowers on the self-fertilised
plants, were placed in separate watch-glasses for comparison;
amd the crossed seeds seemed more numerous by half than the
self-fortilised.

The plants on both sides of Pot I., after they had seeded,
wwere cut down and transplanted into a large pot with plenty of
good earth, and on the following spring, when they had grown
{0 a height of between 5 and 6 inches, the two lots were equal,
as occurred in a similar experiment in the last generation.
Bub after some weeks the crossed plants exceeded the self-
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fortilised ones on the opposite side of the same pot, though not
nearly to so great a degree as before, when they were subjected
to very severe competition.

Crossed and. self-fertilised Plants of the Third Generation.—
Crossed seeds from the crossed plants, and self-fertilised sceds
from the self-fertilised plants of the last generation, were sown
thickly on opposite sides of a small pot, No. I. The two tallest
plants on each side were measured after they had flowered, and.
the two crossed ones were 12 and 74 inches, and the two self-
fertilised ones 8 and 54 inches in height ; that is, in the ratio of
100 to 69. Tywenty flowers on the crossed -plants were again
crossed and produced twenty capsules; ten of which contained:
1-33 grain weight of seeds. Thirty flowers on the self-fertilised
plants were again self-fertilised and produced twenty-six
capsules; ten of the best of which (many being very poor) con-
tained only *87 grain weight of seeds; that is,in the ratio of
100 to 65 by weight.

The superiority of the crossed over the self-fertilised plants
was proved in various ways. Self-fertilised seeds were sown on
one side of a pot, and two days afterwards crossed seeds on the
opposite side. The two lots of seedlings were equal until they
were above half an inch high; but when fully grown the two.
fallest crossed plants attained a height of 12} and 8% inches,
whilst the two tallest self-fertilised plants were only 8 and 5
inches high.

Tn a third pot, erossed seeds were sown four days after the
self-fertilised, and the seedlings from the latter had at fivst, as
might have been expected, an advantage; but when the two
lots were between 5 and 6 inches in height, they were equal,
and ultimately the threo tallest crossed plants were 11, 10, and:
§ inches, whilst the three tallest self-fertilised were 12, 8%, and:
74 inches in height. So that there was not much difference
between them, the crossed plants having an average advantage:
of only the third of an inch. The plants were cut down, and:
without being disturbed were transplanted into a larger pot.
Thus the two lots started fair on the following spring, and now
the crossed plants showed their inherent superiority, for the two
tallest were 13 inches, whilst the two tallest self-fertilised plants
were only 11 and 8} inches in height; or as 100 to 75. The
two lots were allowed fo fertilise themselves spontaneously : the
crossed plants produced a large number of capsules, whilst the
self-fertilised produced very few and poor ones. The seeds
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from eight of the capsules on the crossed plants weighed *65
grain, whilst those from eight of the capsules on the self-fer-
tilised plants weighed only -22 grain; or as 100 to 34.

The crossed plants in the above three pots, as in almost all
the previous experiments, flowered before the self-fertilised.
This occurred even in the third pot in which the crossed seeds
were sown four days after the self-fertilised seeds.

TLastly, seeds of both lots were sown on opposite sides of a
large pot in which a Fuchsia had long been growing, so that the
earth was full of roots. Both lots grew miserably; but the
erossed seedlings had an advantage at all times, and ultimately
attained to a height of 3} inches, whilst the self-fertilised seed-
Jings never exceeded 1 inch. The several foregoing experiments
prove in a decisive manner the superiority in constitutional
vigour of the crossed over the self-fertilised plants.

In the three generations now described and taken together, the
average height of the ten tallest crossed plants was 8°19 inches,
and that of the ten tallest self-fertilised plants 529 inches (the
plants haying been grown in small pots), or as 100 to 65.

Tn the next or fourth self-fertilised generation, several plants
of & new and tall variety appeared, which increased in the
Tater self-fertilised generations, owing to its great self-fertility,
to the complete exclusion of the original kind:
ariety also appeared amongst the crossed plants, but as it was
not at first regarded with any particular attention,” I know
not how far it was used for raising the intererossed plants ; aud
in the later crossed generations it was rarely present. Owing to
the appearance of this tall variety, the comparison of the erossed
and self-fertilised plants of the fifth and succeeding generations
was rendered unfair, as all the self-fertilised and only a few or
none of the crossed plants consisted of it. Nevertheless, the
yesults of the later experiments arc in some respects well worth
giving. 3

Crossed and self=fertilised-Plants of the Fourth Generation.—Seeds
of the two kinds, produced in the usual way from the two sets of
plants of the third generation, were sown on opposite s
two pots (I and IL); but the scedlings were not e
enough and did not grow well. Many of the self-fertilised
plants, especially in one of the pots, consisted of the new and
tall variety above referred to, which bore large and almost white
flowers marked with crimson blotches I will call it the
White variety. 1 believe that it first appeared amongst both the
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crossed and self-fertilised plants of the last generation; but
neither my gardener nor myself could remember any such variety
in the seedlings raised from the purchased seed. Tt must there-
fore have arisen either through ordinary variation, or, judging
from its appearance amongst both the crossed and self-fertilised
plants, more probably through reversion to a formerly existing
variety.

In Pot I the tallest crossed plant was 8} inches, and the
tallest self-fertilised 5 inches in height. In Pot IT. the tallest
crossed plant was 63 inches, and the tallest self-fertilised plant,
which consisted of the white variety, 7 inches in height; and
this was the first instance in my experiments on Mimulus in
which the tallest self-fertilised plant exceeded the tallest crossed.
Nevertheless, the two tallest crossed plants taken together were
to the two tallest self-fertilised plants in height as 100 to 80.
As yot the crossed plants were superior to the self-fertilised in
fextility; for twelve flowers on the crossed plants were crossed
and yielded ten capsules, the seeds of which weighed 1-71 grain.
Twenty flowers on the self-fe d plants were self-fertilised,
and produced fifteen capsules, all appearing poor; and the seeds.
from ten of them weighed only ‘68 grain, so that from an
equal number of capsules the crossed seeds were to the self-
fertilised in “cwht 100 to 40.
ilised Plants of the Fifth Generation—Seeds
01‘ the fourth generation, fertilised in the usual
manner, were sown on opposite sidés of three pots. When the
scedlings flowered, most of the self-fertilised plants were found
to consist of the tall white variety. Several of the crossed plants
in Pot L likewise belonged to this variety, as did a very few in
Pots T and T11. The tallest crossed plantin Pot 1. was 7 inches,
and the tallest sclf-fertilised plant on the opposite side8 inches;
in Pots IL and IIL. the tallest crossed were 4} and 5%, and the
tallest self-fertilised 7 and 6} inches in height; so that the
average height of the tallest plants in the two lofs was as 100
for the crossed to 126 for the self-fertilised ; and thus we have
a complete reversal of what occurred in the four previous gene-
rations. Nevertheless, in all three pots the crossed plants
retained their habit of flowering before the self-fertilised. The
plants were unhealthy from being erowded and from the extreme
heat of the season, and were in consequence more or loss
sterile; but the crossed plants were somewhat less sterile than
the self-fertilised plants.
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Crossed and self<fertilised Plants of the Siath Generation.—Seods
from plants of the fifth generation crossed and. self-fertilised in
the usual manner were sown on opposite sides of several pots.
On the self-fertilised side evory single plant belonged to the tall
white variety. On tho crossed side some plants belonged to this
variety, but the greater number approached in character to the
old and shorter kinds with smaller yellowish flowers blotohed
with coppery brown.  When the plants on both sides were from 2
to 8 inches in height they wero equal, but when fully grown
the self-fortilised were decidedly the tallest and finest plants, but,
from want of time, they were not actually measured, Tn half
the pots the first plant which flowered was a self-fortilised one,
and in the other half a crossed one. And now another remark:
able change was clearly perceived, namely, that the self-fertilisod
“plants had becomo more self-fertile than the crossed. The
pots were all put under a net to excludo inseets, and the crossod
plants produced spontancously only fifty-five capsules, whilst
the self-fertilised plants produced eighty-one capsules, or as 100
t0 147. The seeds from nine capsules of both lots wero placed
in separate wateh-glasses for comparison, and tho golf-fertilised
appeared rather the moro numerous. Besides these spona-
neously self-fertilised capsules, twenty flowers on the crossed
plants again crossed yiclded sixteen capsules; twenty-fivo
flowers on the self-fertilised plants again self-for ded
seventeen capsules, and this is a larger proportional number of
capsules than was produced by the self-fertili
self-fertilised plants in tho previous generations. Tho contents
of ten capsules of hoth these lots wero compared in separato
watch-glasses, and the seeds from the self-fertilised appeared
decidedly moro numerous than thase from the crossed plants.
Crossed and self-fertilised Plants of the Seventh Generation
Crossed and self-fertilised sceds from the crossed and self-forti-
lised plants of the sixth generation were sown in the usual
manner on opposite sides of three pots, and the seedlings were
well and equally thined. Every one of the self-fertilised plants
(and many were raised) in this, as well as in the eighth and ninth
generations, belonged to the tall white variety. Their uniformity
of character, in comparison with the seedlings first raised from
the purchased sced, was quite remarkable. On the other hand,
the crossed plants differed much in the tints of their flowers,
but not, I think, to so great a degreo as thoso first raised.
I dotermined this timo to measuro tho plants on both sidos
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carefully. The self-fertilised seedlings came up rather before the
crossed, but both lots were for a time of equal height. ‘When first
measured, the average height of the six tallest crossed plants in
the three pots was 7°02, and that of the six tallest self- fertilised
plants 897 inches, or as 100 to 198. When fully grown the
same plants were again measured, with the result shown in the
following table:—
Tapie XVIIL (Seventh Generation.)

No.ofPot. | GCrossed Plants. ‘ Selffertilised Plants.
| Inches. Inches.
i 113 ‘ 3
T !
IL | 12§ | 183
‘ 11§ ‘ 143
1L | 93 | 12§
11§ 11
inches. 6863 i 9388

The average height of the six crossed is here 11°43, and that
o the six self-fertilised 1564, or as 100 to 137.

As it was now evident that the tall white variety transmitted
its characters faithfully, and as the self-fertilised plants consisted:
ely of this variety, it was manifest that they would
always exceed in height the crossed plants which belonged
chiefiy to the original shorter varieties. This line of experiment
was therefore discontinued, and I tried whether intercrossing:
two self-fertilised plants of the sixth gencration, growing in dis-
tinct pots, wonld give their offspring any advantage over the
offspring of flowers on one of the same plants fertilised with their
own pollen.  These latter seedlings formed the seventh genera-
tion of self-fertilised plants, like those in the right-hand column
the crossed plants were the product of six

t-fertilised generations with an intercross in the
Iast generation. The seeds were allowed to germinate on sand,
and were planted in pairs on opposite sides of four pots, all the
remaining seeds being sown crowded on opposite sides of Pot
V. in Table XIX. ; the three tallest on each side in this latter pot
being alone measured. All the plants were twice measured—the
first timewhilst young, and theaverage height of the crossed plants
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tothat of the self-fertilised was then as 100 to 122. When fully
grown they were again measured, as in the following table i—

TAB}JA XIX.

Self-fertilised Plants
No. of Pot. ey
Generation.

FRE Tnches.
i 153
115

11

11
L 114
11
8%
14}
1L 13§ 104
125 it
1v. 7} 144

| 8} 7

| u
V. | 83
Crowded. ‘ 9
Total in inches ‘ |

The average height of the sixteen infercrossed plants i
9-96 inches, and that of the sixteen self-fertilised plants 1096, or
as 100 to 110; so that the intercrossed plants, the progenitors of
which had been self-fertilised for the six previous generations,
and had been exposed during the whole time to remarkably uni-
form conditions, were somewhat inferior in height to the plan
of the seventh sclf-fertilised generation. But as we shall pr
sently see that a similar experiment mado after two additional
generations of self-fertilisation gave a different result, T know
not how far to trust the present ome. In three of the five
pots in Table XIX. a self-fertilised plant flowered first, and in
the other two a crossed plant. These self-fertilised plants were
remarkably fertile, for twenty flowers fertilised with their own
pollen produced no less than nineteen very fine capsules !
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The effects of @ Cross with a distinet Stock.—Some flowers on the
celf-fortilized plants in Pot IV. in Table XIX. were fertilifed
With their own pollen, and plants of the eighth self-fertilised
generation were thus raised, merely to serve as parents in the fol-
Jowing experiment, Several flowers on these plants were allowed
%o fertilise themselves spontancously (insects being of course
excluded), and the plants raised from these sceds formed the
ninth self-fertilised generation ; they consisted wholly of the tall
\‘hite variety with crimson blotches. Other flowers on the
ame plants of the cighth self-fertilised generation were crossed
with pollen taken from another plant of the same lot; so that
the scedlings thus raised were the offspring of cight previous
generations of self-fertilisation with an intercross in the last
generation; these I will call the intercrossed plants. Tastly,
other flowers on the same plants of the eighth self-fertilised
generation were crossed with pollen taken from plants which had
heen raised from seed procured from a garden at Chelsea, The
Chelsea plants bore yellow flowers blotehed with red, but differed
in mo other respect. They had been grown outof doors, whilst
mine had been cultivated in pots in the greenhouse for the
Jast eight generations, and in a different kind of soil. The
seedlings raised from this cross with a wholly different stock
may bo called the * Chelsea-crossed.” The three lots of sceds
thus obtained were allowed to germinate on bare sand; and
whenever a seed in all three lots, or in only two, germinated at
the same time, they were planted in pots superficially divided
into three or two compartments. The remaining seeds,
whether or not in a state of germination, were thickly sovn in
fhree divisions ina large pot, X., in Table XX. When the plants
had grown to thir full height they were measured, as shown in
the following table; but only the three tallest plants in each of
the three divisions in Pot X. were measured.

Tn this table the average height of the twenty-eight Chelsea-
crossed plants is 21-62 inches; that of the twenty-seven inter-
crossed plants 12°2; and that of the nineteen'self-fertilised 10-44,
Bus with respect to the latter it will be the fairest plan to strike out
two dwarfed ones (only 4 inches in height), 5o as not to exaggerate
the inferiority of the self-fertilised plants; and this will raise the
average height of the seventeen remaining self-fertilised plants
40112 inches. Therefore the Chelsea-crossed are to the inter-
crossed in height as 100 o 56; the Chelsea~crossed to the self-
fertilised as 100 to 52; and the intercrossed to the self-fertilised
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CROSS WITH A FRESH STOCK.

TasLe XX.

73

Plants from Self- | Plants fr ol e
forthied Plunts of | teroross heeun | Pants of th Ninty
No.of Pot. | the Eighth Genera{ the Plants of the | Geieration from
tion crossed by | Eighth Self-ferti- s
Chelsca Planis, | lsod Generation, | Lighth Selffrti
Inches. Inches. o Inches.
L 307 14 94
28¢ 13§ 103
L 133 10
IL 208 114
22 12
& 9
1L 23§ 83
241 114
259 63
. 93 4
81 133
. 11
v. 9 44
| 11 13
| 134
VL 282 18§ 12
22 7 16}
A 124 e
VIL 15
12§
1=
153
VIIL 133
145
14}
IX. 229 11§
6 17
203 143
X. 18} 93 103
Crowded Plants.| 16§ 83 81
17§ 10 113
Total inches. 605°38 329°50 ' 19850
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as 100 o 92. We thus see how immensely superior in height
the Chels d are to the i d and to the self-

* fortilised plants. They began to show their superiority when
only one inch high. They were also, when fully grown, much
more branched with larger leaves and somewhat larger flowers
than the plants of the other two lots, so that if they had heen
wweighed, the ratio would certainly have been much higher than
that of 100 to 56 and 52.

The intercrossed plants are here to the selffertilised in
height as 100 to 92; whereas in the analogous experiment
given in Toble XIX. tho intercrossed plants from the self-
fertilised plants of the sixth generation were inferior in height
to the solf-fertilised plants in the ratio of 100 to 110. I
doubt whether this discordance in the results of the two
experiments can be explained by the self-fertilised plants in the
prosent case having been raised from spontancously self-
fertilised sceds, whereas in the former case they were raised
from artificially self-fertilised seeds; nor by the present plants
having been self-fertilised during two additional gencrations,
though this is a more probable explanation.

With respect to fertility, the twenty-eight Chelsea-crossed
plants produced 272 capsules; the twenty-seven intercrossed:
plants produced 24; and the seventeen self-fertilised plants 17
capsules, All the plants were left uncovered so as to be naturally
fertilised, and empty capsules were rejected

Capsules.
Therefore 20 Chelsea-crossed plants would have produced 194-29
,» 20 Intercrossed plants 1 o 1T

. 20 Sclffertilised plants oo o0gd
Grains.

Tho seeds contained in 8 capsules from the Chelsea- | 7.7
crossed plants weighed . . . . . -

Tho seeds contained in 8 capsules from the Tntercrossed } 051
Plantsweighed | L 4 ot

The sceds contained in § capsules from the Self-fertilised } 0-33
planitsiweighad. 1 408 DEETE R EEIEHARRE

T we combine the number of capsules produced together with
the average weight of contained seeds, we get the following
extraordinary Tatios:

Weight of seed produced by the same number
of Chelsea-crossed and intercrossed plants .

§ as100to4
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Weight of seed produced by the same number
of Chelsea-crossed and self-fertilised plants

Weight of seeds produced by the same number
of intercrossed and self-fertilised plants . .

} s 100 to 3
"} as1001073

It is also a remarkable fact that the Chelsea-crossed plants
#xceeded the two other lots in hardiness, as greatly as they did
in height, luxuriance, and fertility. Tn the early autumn most of
the pots were bedded out in the open ground ; and this always
injures plants which have been long kept in a warm greenhouse,
All three lots consequently suffered greatly, but the Chelsea-
crossed plants much less than the other two lots. On the 3rd of
October the Chelsea-crossed plants began to flower again, and
continued to do so for some time ; whilst not a single flower
produced by the plants of the other two lots, the stems of which
were cut almost down to the ground and seemed half dead.
Barly in December there was a sharp frost, and the stems of
Chelsea-crossed were now cut down ; but on the 23rd of December
they began to shoot up again from the roots, whilst all the plants
of the other two lots were quite dead.

Although several of the self-fertilised seeds, from which the
plants in the right-hand column in Table XX. were raised, germi-
nated (and were of course rejected) before any of those of the
other two lots, yet in only one of the ten pots did a self-
fertilised plant flower before the Chelsea-crossed or the inter-
crosced plants growing in the same pots. The plants of these
two latter lots flowered at the same time, though the Chelsea-
crossed grew so much taller and more vigorously than the
intercrossed.

As already stated, the flowers of the plants originally raised
from the Chelsea seeds were yellow; and it deserves notice that
every one of the twenty-cight seedlings raised from the tall
white variety fertilised, without being castrated, with pollen
from the Chelsea plants, produced yellow flowers; and this
shows how prepotent this colour, which is the natuzal one of
the species, is over the white colour.

The Effects on the Offspring of intercrossing Flowers on the
same Plant, instead of crossing distinct Individuals—In all the
foregoing experiments the crossed plants were the product of a
cross between distinet plants. I now selected a very vigorous
plant in Table XX., raised by fertilising a plant of the cighth
self-fertilised generation with pollen from the Chelsea stock.
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Several flowers on this plant were crossed with pollen from other
fowers on the same plant, and several other flowers were
fortilised with their own pollen. The seed thus produced was
allowed to germinate on bare sand;and the seedlings were
planted in the usual manner on the opposite sides of six
pots. All the remaining seeds, whether or not in a state 0§
germination, wero sown thickly in Pot VIL; the three talles

Dlants on each side of this latter pot being alonemeasured. AsT
was in a hurry to learn the result, some of these seeds were sown.
late in the autumn, but the plants grew so irregularly during
the winter, that one crossed plant was 28} inches, and two
others only 4, or less than 4 inches in height, as may be seen
in Table XXI. Under such cireumstances, as I have observed.
in many other cases, the result is not in the least trust-
worthy; nevertheless I feel bound to give the measurements.

TasLe XXI.

| Pt e rom | Pttt rom
Cross between dif- | Flowers fortlised
No.of Fol. | flent Flowersion the|  with thei awn.
Polle
Inches.
ih 17
9
. 283
16§
13§
jits 4 15
23 10
1v. 234 63
15§ 7y
7 133
! [ 183 14
11 o
VIL 21 154
Crowded. 11§ 11
12§ 113
Total inches. 210-88 140°75
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The fifteen crossed plants here average 14-05, and the fifteon
self-fertilised plants 9-88 in height, or as 100 to 67. But if
all the plants under ten inches in height are struck out, the ratio
of the cleven crossed plants to the eight self-fertilised plants
is as 100 to 82.

On the following spring, some remaining sceds of the two
lots were treated in exactly the same manner; and the measure-
ments of the seedlings are given in the following tablo :—

TapLe XXII.

ed from a.
S between diffc-
rent Flowers on the
Jant,

Plants raised from
lowers fertilised
with their own Pollen,

No. of Pot.

1L

1v. 193 163
19§ 213
V. 253
VI 15
203
272
VIL 78 | 78
14 | 8
134 | 7
VIIL 182 203
Crowded. 183 7y
18¢ 154
184 15}
Total in inches. 37088 85363
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Here the average height of the twenty-two crossed plants is
16-85, and that of the twenty-two self-fertilised plants 16:07; or
as 100 to 95. But if four of the plants in Pot VIL, which are
much shorter than any of the others, are struck out (and this
would be the fairest plan), the twenty-one crossed are to the
nineteen solf-fertilised plants in height as 100 to 100°6—that is,
are equal. Al the plants, except the erowded ones in Pot VIIL,
after being measured were cut down, and the eighteen erossed
plants weighed 10 oz, whilst the same number of self-fertilised
plants weighed 104 oz, or as 100 to 102:5; but if the dwarfed
plants in Pot VIL had been excluded, the self-fertilised would
have exceeded the crossed in weight in a higher ratio. In all
the previous experiments in which seedlings were raised from &
cross between distinet plants, and were put into competition
with self-fertilised plants, the former generally flowered first;
but in the present case, in seven out of the eight pots a
self-fertilised plant flowered before a crossed one on the
opposite side. Considering all the evidence with respect to
the plants in Table XXIL, a cross between two flowers on the
same plant seems to give no advantage to the offspring thus
produced, the self-fextilised plants being in weight superior. But
this conclusion cannot be absolutely trusted, owing to the
measurements given in Table XXL, though these latter, from
the canse already assigned, are very much less trustworthy than
the present ones.

Summary of Observations on Mimulus luteus—-In the
three first generations of crossed and self-fertilised
plants, the tallest plants alone on each side of the
several pots were measured ; and the average height
of the ten crossed to that of the ten self-fertilised
plants was as 100 to 64. The crossed were also much
more fertile than the self-fertilised, and so much
more vigorous that they exceeded them in height, even
when sown on the opposite side of the same pot after
an interval of four days. The same superiority was
likewise shown in a remarkable manner when both
kinds of seeds were sown on the opposite sides of a pot
with very poor earth full of the roots of another plant.
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In one instance crossed and self-fertilised seedlings,
grown in rich soil and not put into competition with
each other, attained to an equal height. When we
come to the fourth generation the two tallest crossed
plants taken together exceeded by only a little the two
tallest self-fertilised plants, and one of the latter beat
its crossed opponent,—a circumstance which had not
oceurred in the previous generations. This victorious
self-fertilised plant consisted of a new white-flowered
variety, which grew taller than the old yellowish
varieties. From the first it seemed to be rather more
fertile, when self-fertilised, than the old varieties, and
in the succeeding self-fertilised generations became
more and more self-fertile. In the sixth generation the
self-fertilised plants of this variety compared with the
crossed plants produced capsules in the proportion
of 147 to 100, both lots being allowed to fertilise
themselves spontaneously. In the seventh generation
twenty flowers on one of ghese plants artificially
self-fertilised yielded no less than nineteen very fine
capsules !

This variety transmitted its characters so faithfully
to all the succeeding self-fertilised generations, up to
the last or ninth, that all the many plants which were
raised presented a complete uniformity of character;
thus offering a remarkable contrast with the seedlings
yaised from the purchased seeds. Yet this variety
yetained to the last a latent tendency to produce
yellow flowers ; for when a plant of the eighth self-
fertilised generation was crossed with pollen from a
yellow-ﬂowored plant of the Chelsea stock, every
single seedling bore yellow flowers. A similar variety,
at least in the colour of its flowers, also appeared
amongst the crossed plants of the third generation.
No attention was at first paid to it, and I know not
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how far it was at first used either for crossing or self-
fertilisation. In the fifth generation most of the
snlf 1(1(1]151,«1 plants, and in the sixth and all the
nerations every single plant consisted of

o wnd this no doubt was partly due to its
great and increasing self-fertility. On the other
huul it disappeared from amongst the crossed plants
in the later generations; and this was probably
due to the continued intercrossing of the several
plants. From the tallness of this variety, the self-
fertilised plants exceeded the crossed plants in height
in all the generations from the fifth to the seventh
inclusive; and no doubt would have done so in the
later generations, had they been grown in competition
with one another. In the fifth generation the crossed
plmt: were in height to the self-fertilised, as 100 to
126; in the sixth, as 100 to 147 ; and in the seventh
generation, as 100 to 137. This excess of height may
be attributed not only toghis variety mtum]ly growmg
taller than the other plants, but to its possessing a
peculiar constitution, so that it did not suffer from
continued self-fertilisation.

This variety presents a strikingly analogous case to
that of the plant called the Hero, which appeared in
the sixth self-fertilised generation of Ipomcea. If
the seeds produced by Hero had been as greatly in
excess of those produced by the other plants, as was the
case with Mimulus, and if all the seeds had been
mingled together, the offspring of Hero would have
increased to the entire exclusion of the ordinary
plants in the later self-fertilised generations, and from
naturally grmunv taller would have exceeded the
crossed plants in height in each succeeding generation.

Some of the self-l’ertilised plants of the sixth gene-
ration were intercrossed, as were some in the eighth
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generation ; and the seedlings from these crosses were
grown in competition with self-fertilised plants of the
two corresponding generations. In the first trial the =
intercrossed plants were less fertile than the self-
fertilised, and less tall in the ratio of 100 to 110.
In the second trial, the intercrossed plants were more
fertile than the self-fertilised in the ratio of 100 to
73, and taller in the ratio of 100 to 92. Notwith-
standing that the self-fertilised plants in the second
trial were the product of two additional generations
of self-fertilisation, I cannot understand this discor-
dance in the results of the two analogous experiments.

The most important of all the experiments on
Mimulus are those in which flowers on plants of the
eighth self-fertilised generation were again self-ferti-
lised ; other flowers on distinct plants of the same lot
were intercrossed ; and others were crossed with a new
stock of plants from Chelsea. The Chelsea-crossed
seedlings were to the intercrossed in height as 100 to
56, and in fertility as 100 to 4 ; and they were to the
self-fertilised plants, in height as 100 to 52, and in
fertility as 100 to 3. These Chelsea-crossed plants
were also much more hardy than the plants of the
other two lots; so that altogether the gain from the
cross with a fresh stock was wonderfully great.

Lastly, seedlings raised from a cross Between flowers
on the same plant were not superior to those from
flowers fertilised with their own pollen ; but this result
cannot be absolutely trusted, owing to some previous
observations, which, however, were made under very
unfayourable circumstances.

DIGITALIS PURPUREA.

The flowers of the common Fosglove are proterandrous; that
is, the pollen is mature and mostly shed before the stigma of
the same flower is ready for fertilisation. This is effected by
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the larger humble-bees, which, whilst in search of nectar, carry
pollen from flower to flower. The two upper and longer
stamens shed their pollen before the two lower and shorter
ones. The meaning of this fact probably is, as Dr. Ogle re-
marks,* that the anthers of the longer stamens stand near to
the stigma, so that they would be the most likely to fertilise it;
and as it is an advantage to avoid self-fertilisation, they shed
their pollen first, thus lessening the chance. There is, however,
but little danger of self-fertilisation until the bifid stigma
opens ; for Hildebrand + found that pollen placed on the stigma
before it had opened produced mo effect. The anthers, which
are large, stand at first transversely with respect to the tubular
corolla, and if they were to dehisce in this position they would,
as Dr. Ogle also remarks, smear with pollen the whole back and
sides of an entering humble-bee in a useless manner; but the
anthers twist round and place themselyes longitudinally before
they dehisce. The lower and inner side of the mouth of the
corolla is thickly clothed with hairs, and these collect so much
of the fallen pollen that I have seen the under surface of a *
Tumble-hee thickly dusted with it; but this can never be ap-
plied to the stigma, as the bees in retreating do not turn their
under surfaces upwards. I was therefore puzzled whether these
hairs were of any use; but Mr. Belt has, I think, explained
fheir use : the smaller kinds of hees are not fitted to fertilise
the flowers, and if they were allowed to enter easily they would
steal much nectar, and fewer large bees would haunt the
flowers. Humble-bees can crawl into the dependent flowers
with the greatest ease, using the “hairs as footholds while
sucking the honey; but the smaller bees are impeded by
them, and when, having at length struggled through them, they
reach the slippery precipice above, they are completely
Daffled” Mr. Belt says that he watched many flowers during
a whole season in North Wales, and “ only once saw a small
hee reach the hectary, though many were scen trying in vain to
do 5ot

T covered a plant growing in its native soil in North Wales
with a net, and fertilised six flowers cach with its own pollen,

* ¢Popular_Science Res gua, 1874,p. 132. But it appears
Jan. 1870, p. 50. from H. Miiller ( Die Befruchtung:
+ ¢Geschlechter — Vertheilung  der Blumen,’ 1873, p. 285), that
bei den Pflanzen,’ 1867, p. 20. small inseets sometimes succecd
$ ¢ The Naturalist in Nicara- in entering the flowers.
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and six others with pollen from a distinet plant growing within
the distance of a fow feet. The covered plant was occasionally
shaken with violence, so as to imitate the effects of a gale of
wind, and thus to facilitate as far as possible self-fertilisation.
Tt bore minety-two flowers (besides the dozen artificially ferti-
lised), and of these only twenty-four produced capsules; whereas
almost all the flowers on the surrounding uncovered plants were
fruitful. Of the twenty-four spontancously self-fertilised cap-
sules, only two contained their full complement of seed; six
contained a moderate supply; and the remaining sixteen ex-
tremely fow seeds. A little pollen adhering to the anthers after
they had dehisced, and accidentally falling on the stigma when
mature, must have been the means by which the above twenty-
four flowers were partially self-fertilised ; for the margins of the
corolla in withering do not curl inwards, nor do the flowers in
dropping off turn round on their axes, so as to bring the pollen-
covered hairs, with which the lower suxface is clothed, into con-
tact with the stigma—by either of which means self-fertilisation
might be effected.

Seeds from the above crossed and self-fertilised capsules, after
germinating on bare sand, were planted in pairs on the opposite
sides of five moderately-sized pots, which were kept in the green-
house. The plants after a time appeared starved, and wero
therefore, without being disturbed, turned out of their pots, and
planted in the open ground in two close parallel rows. They
were thus subjected to tolerably severe competition with one
another; but not nearly so severe as if they had been left in the
pots. At the time when they were turned out, their leaves were
between 5 and 8 inches in length, and the longest leaf on
the fiest plant on each side of each pot was measured, with the
result that the leaves of the crossed plants exceeded, on an
average, those of the self-fertilised plants by *4 of an inch.

In the following summer the tallest flower-stem on each plant,
when fully grown, was measured. There were seventeen crossed
plants; but one did not produce a flower-stem. There were also,
originally, seventeen self-fertilised plants, but these had such
poor constitations that no less than nine died in the course of
the winter and spring, lcaving ouly eight to be measured, as i
the following table:i—
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Tapre XXIIL
The tallest Flower-stem on each Plant measured : 0 means that
the Plant died before a Flower-stem was produced.

No. of Pot. | Crossed Plants. Self-fertilised Plants.
i Inches. Inches.
L 53§ 27
574 55§
| 575 0
| 65 | 0
1L 344 39
524 32
63§ 21
1L | 57 o
| 534 | 0
508 i 0
| 37§ | 0
1v. 344
23§
0
V. 0
0
0
Total in inches, ‘ 28700

The average height of the flower-stems of the sisteen crossed
plants is here 51-33 inches; and that of the eight self-fertilised
plants, 357 ; or as 100 to 70 But this difference in height does
not give at all a fair idea of the vast superiority of the crossed
plants.  These latter produced altogether sixty-four flower-stems,
each plant producing, on an average, exactly four flower-stems ;
whereas the eight self-fertilised plants produced only fifteen
flowen-stems, each producing an average only of 187 stoms, and
these bad a less luxuriant appearance. We may putthe result in
another way : the number of flower-stems on the crossed plants was
to those on an equal number of self-fertilised plants as 100 to 48.

Three crossed seeds in a stafo of germination were also planted
in threo separate pots; and threo self-fertilised sceds in the
same stato in three other pots. These plants wero therefore
at first exposed to no competition with one another, and when
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tarued out of their pots into the open ground they were planted
at a moderate distance apart, so that they were exposed to much
less severe competition than in the last case. The longest leaves.
on the three crossed plants, when turned out, exceeded those on
the self-fertilised plants by a mere trifle, viz, on an average by
‘17 of an iuch. When fully grown the three crossed plants
produced twenfy-six flower-stems; the two tallest of which on
each plant were on an average 5404 inches in height. The
threo self-fertilised plants produced twenty-three flower-stems,
the two tallest of which on each plant had an average height of
46°18 inches. So that the difference between these two lots,
which hardly competed together, is much less than in the last
case when there was moderately severe competition, namely, as
100 to 85, instead of as 100 to 70.

The Lffects on the Offspring of intercrossing different Flowerson
the sume Plant, instead of crossing distinet Iudividuals.— A fine
plant growing in my garden (one of the foregoing seedlings) was
covered with a net, and six flowers were crossed with pollen from
another flower on the same plant, and six others were fertilised
with their own pollen. Al produced good capsules. The seeds
from each were placed in separate watch-glasses, and no difference
could be perceived by the eye between the two lots of secds;
and when they were weighed there was no difference of any sig-
nificance, as the seeds from the self-fertilised capsules weighed
7-65 grains, whilst those from the crossed capsules weighed
7-7 grains. Therefore the sterility of the present species, when
inscets are excluded, is not due to the impotence of pollen
on the stigma of the same flower. Both lots of seeds and sced-
lings were freated in exactly the same manner as in the previous
table (XXIIL), excepting that after the pairs of germinating seeds
had Deen planted on the opposite sides of eight pots, all the
Temaining seeds were thickly sown on the opposite sides of Pots IX.
and X. in Table XXIV. The young plauts during the following
spring were tarned out of their pots, without being disturbed,
and planted in the open ground in two rows, not very close
together, so that they were subjected to only moderately severe
competition with one another. Very differently to what occurred
in the first experiment, when the plants were subjected to
somewhat severe mutual competition, an equal number on each
side either died or did not produce flower-stems. The tallest
Hlower-stems on the surviving plants were measured, as shown in
the following table :
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FLOWERS ON SAME PLANT CROSSED. Cuar. IIL

Tapz XXIV.
N.B. 0 signifies that the Plant died, or did not produce a Flower=
stem.
| Btaats ratsed from o
A Plants raised fro
NootPu, | Crombeameendit | o Tatifed
[Frent lowers en te 5, e owa Pl
e T Tnches.
it; | 494 45§
467 52
43§ o
1. 384 544
474 474
o= 32§
L 547 46§
1v. 324 413
) 297
433 37}
v. 464 42}
404 42
43 o
VI 483 47¢
463 48§
VIL 48§ 25
42 40§
VIIL 463 391
IX. 49 307
Crowded Plants. 504 15
46§ 363
47§ aa]
31§
X 464 473
Crowded Plants. 35§ )
24§ 347
414 403
17§ 41]
Total inches. 107800 99538

© The Complete Work of Charles Darwin Online



Crap. IIT. CALCEOLARIA. 87

The average height of the flower-stems on the twenty-five
crossed plants in all the pots taken together is 4312 inches, and
that of the twenty-five self-fertilised plants 3982, or as 100 to
93, In order to test this result, the plants planted in pairs in
Pots L to VIIL were considered by themselves, and the average
height of the sixteen crossed plants is here 44-9, and that of the
sixteen self-fertilised plants 4203, or as 100 to 94. Again, the
plants raised from the thickly sown seed in Pots 1X. and X,
which were subjected to very severe mutual competition, were
faken by themselves, and the average height of the nine crossed
plantsis 3986, and that of the nine self-fertilised plants 35°88, or
as 100 to 90. The plants in these two latter pots (IX. and X)),
after being measured, were cut down close to the ground and
weighed : the nine crossed plants weighed 57-66 ounces, and
the nine self-fertilised plants 4525 ounces, or as 100 to 78. On
the whole we may conclude, especially from the evidence of
weight, that seedlings from a cross between flowers on the same
plant have a decided, though not great, advantage over those
from flowers fertilised with their own pollen, more especially
in the case of the plants subjected to severe mutual competition.
But the advantage is much less than that exhibited by the
crossed offspring of distinct plants, for these exceeded the self-
fertilised plants in height as 100 to 70, and in the number of
flower-stems as 100 to 48. Digitalis thus differs from Ipomaea,
and almost certainly from Mimulus, as with these two species
a oross between flowers on the same plant did no good.

CALCEOLARIA.

A bushy greenhiouse variety, with yellow flowers blotched with purple.

The flowers in this genus are constructed so as to favour or
almost ensure cross-fertilisation;* and Mr. Anderson remarks t
that extreme care is necessary to exclude insects in order to
Dreserve any kind true. He adds the interesting statement, that
when the corolla is eut quite away, insects, as far as he has seen,
nover discover or visit the flowers. This plant is, however, self-
fortilo if inscets are excluded. So few experiments were
made by me, that they are hardly worth giving. Crossed and
self-fertilised seeds were sown on opposite sides of a pot, and

* Hildebrand, as quoted by t ‘Gardeners’ Chronicle; 1858,
H. Miller, ‘Die viruchtnng p. 534
der Blumen, 1873, p. 277.

5
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after a time the crossed seedlings slightly exceeded the self-
fortilised in height. When a liftle further grown, the longest
leaves on the former were very mearly 8 inches in length,
whilst those on the self-fertilised plants were only 2 inches.
Owing to an accident, and to the pot being too small, only one
plant on each side grew up and flowered; the erossed plant was
19} inches in height, and the self-fertilised one 15 inches; or as
100 to 77.

LINARIA VULGARIS.

It has been mentioned in the introductory chapter that two
large beds of this plant were raised by me many years ago from
crossed and self-fertilised seeds, and that there was a conspicu~
ous difference in height and general appearance hetween the
two lots. The trial was afterwards repeated with more care;
but as this was one of the first plants experimented on, my
usual method was not followed. Seeds were taken from wild
plants growing in this neighbourhood and sown in poor soil in
my garden, Five plants were covered with a net, the others
Deing left exposed to the bees, which incessantly visit the flowers
of this species, and which, according to H. Miiller, are the
exclusive fertilisers. This excellent observer remarks * that, as
the stigma lies between the anthers and is mature at the same
time with them, self-fertilisation is possible. But so few seeds
are produced by protected plants, that the pollen and stigma of
the same flower seem to have little power of mutual interaction.
The exposed plants bore numerous capsules forming solid
spikes. Five of these capsules were examined and appeared to
contain an equal number of seeds; and these being counted in
one capsule, were found to be 166. The five protected plants pro-
duced altogether only twenty-five capsules, of which five were
much finer than all the others, and these contained an average of
936 sceds, with a maximum in one capsule of fifty-five. So that
the number of seeds in the capsules on the exposed plants to
the average mumber in the finest capsules on the protected
plants was as 100 to 14.

Some of the spontaneously self-fertilised seeds from under.
the net, and some seeds from the uncovered plants: naturally
fertilised and almost certainly intercrossed by the bees, were
sown separately in two large pots of the same size; so that the

* ¢ Die Befruchtung,” &e. p. 279,
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two lots of scedlings were not subjected to any mutual competi-
tion. Threo of the crossed plants when in full flower were
measured, but o care was taken to select the tallest plants;
their heights were T#, 72, and 6} inches; averaging 7-08 in
height. The three tallest of all the self-fertilised plants were
then carefully selected, and their heights were 63, 53, and 5
averaging 5°75in height. So that the naturally crossed plants
were to the spontancously self-fertilised plants in height, at
Teast as much as 100 to 81.

VERBASCUM THAPSUS.

The flowers of this plant are frequented by various insects,
chiefly by bees, for the sake of the pollen Miiller, however,
has shown (‘Die Befruchtung,’ &c. p. 277) that V. migrum
secretes minute drops of nectar. The arrangement of the repro-
ductive organs, though mot at all complex, favours cross-fer-
tilisation; and even distinet species are often crossed, for a
greater number of naturally produced hybrids have been observed
in this genus than in almost any other* Nevertheless the
present species is perfectly self-fertile, if insects are excluded ;
fora plant protected by a met was as thickly loaded with fine
capsules as the surrounding uncovered plants. Verbascum
Tychmits is rather less self-fertile, for some protected plants did
not yield quite so many capsules as the adjoining uncovered
plants.

Plants of V. thapsus had been raised for a distinet purpose
from self-fertilised seeds ; and some flowers on these plants were
again self-fertilised, yielding seed of the second self-fertilised
generation ; and other flowers were crossed with pollen from a
distinet plant. The seeds thus produced were sown on the
opposite sides of four large pots. They germinated, however,
irregularly (the crossed seedlings generally coming up first)
that T was able to save only six pairs of equal age. These when
in full flower were measured, as in the following table (XXV.).

‘We here see that two of the self-fertilised plants exceed in
height their crossed opponents. Nevertheless the average height
of the six crossed plants is 65:34 inches, and that of the six
self-fertilised plants 565 inches; or as 100 to 86.

# I lavo given o striking oo found growing wild: Joumal of
of a large number of such hybrids  Linn. Soc. Bot.’ vol. x. p. 4
betwoen V. thapsus and Luchnitis

© The Complete Work of Charles Darwin Online



90 VANDELLIA NUMMULARIFOLIA. Crar. TIL.

TaeLe XXV.

Self-fertilised Plants
No. of Pot. Crossed Plants.

Tnches.
76

339:00

VANDELLIA NUMMULARTFOLTA.

Seeds wore sent to me by Mr. J. Scott from Calentta of this
small Tndian weed, which bears perfect and cleistogene * flowers.
The latter are extremely small, imperfectly developed, and never
cxpand, yet yield plenty of seeds. The perfect and open
flowers are also small, of a white colour with purple marks; they
generally produce seed, although the contrary has been
asserted ; and they do so even if protected from inseets. They
have a rather complicated structure, and appear to be adapted
for cross-fertilisation, but were not carefully examined by me.
They are not easy to fertilise artificially, and it is possible that
some of the flowers which T thought that I had suceeeded in
crossing were afterwards spontancously self-fertilised under the
net., Sisteen capsules from the crossed perfect flowers contained
ninety-three seeds (with a masimum in one
capsule of 137), and thirteon capsules from the self-fertilised
perfect flowers contained sixty-two seeds (with a maximum in
ono capsule of 185); or as 100 to 67. But I suspect that this
considerable cxcess was accidental, as on one oceasion nine
crossed capsules were compared with seven sel-fertilised cap-
sules (both included in the above number), and they contained
alnost exactly the same average number of seed. I may add

* The convenient ferm of cleis- _an axticlo on the present genus in
togene was proposed by Kuhn in * Bot, Zeitung, 1867, p. (3.
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that fifteen capsules from self-fertilised cleistogene flowers con-
tained on an average sixty-four seeds, with a maximum in one
of eighty-seven.

Crossed and self-fertilised seeds from the perfect flowers, and
ofher seeds from the self-fertilised cleistogene flowers, were sown
in five pots, each divided superficially into three compartments.
The scedlings were thinned at an early age, so that twenty
plants were left in each of the three divisions. The crossed plants
when in full flower averaged 4-3 inches, and the self-fertilised
plants from the perfect flowers 427 inches in height; or as 100
to 99. The self-fertilised plants from the cleistogene flowers
averaged 4:06 inches in height; so that the crossed were in
height to these latter plants as 100 to 94.

T determined to compare again the growth of plants raised
from crossed and self-fertilised perfect flowers, and obtained two
fresh lots of seeds. These were sown on opposite sides of five
pots, but they were not suficiently thinned, so that they grew
rather crowded. When fully grown, all those above 2 inches
in height wero selected, all below this standard being rejected ;
the former consisted of forty-seven crossed and forty-one sel-
fortilised plants; thus a greater number of the crossed than of
the self-fextilised plants grew to a height of above 2 inches. Of
the erossed plants, the twenty-four fallest were on an average
3:6 inches in height; whilst the twenty-four tallest self-
fertilised plants were 3-38 inches in average height; or as 100
094 All theso plants were then cut down close to the ground,
and the forty-seven crossed plants weighed 10903 grains, and
the forty-one self-fertilised plants weighed 8874 grains. There-
fore an equal number of crossed and seli-fertili
Teen to each other in weight as 100 to 97. From these several
facts we may conclude that the crossed plants had some real,
though very slight, advantage in height and weight over the
self-fertilised plants, when grown in competition with one
another.

The crossed plants were, however, inferior in fertility to the
cel-fertilised. Six of the finest plants were selected out of the
forty-seven crossed plants, and six out of the forty-one self-
fortilised plants; and the former produced 598 capsules, whilst
the latter or self-fertilised plants produced 752 capsules. All
these capsules were the product of cleistogene flowers, for the
plants did not bear during the whole of this season any perfect
flowers. The seeds were counted in ten cleistogene capsules
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produced by the crossed plants, and their average number was
46-4 per capsule; whilst the number in ten cleistogene capsules
produced by the self-fertilised plants was 49°4; or as100 to 106,

IIT. GESNERIACE/E.—GESNERIA PENDULINA.

Tn Gesneria the several parts of the flower are arranged on
nearly tho same plan as in Digitalis* and most or all-of the
species are dichogamous.  Plants were raised from seed sent me
by Fritz Miiller from South Brazil. Seven flowers were crossed
with pollén from a distinet plant, and produced seven capsules
containing by weight 3-01 grains of seeds. Seven flowers on the
same plants were fertilised with their own pollen, and their
seven capsules contained exactly the same weight of seeds.
Germinating seeds were planted on opposite sides of four pots,
and when fully grown measured to the tips of their leaves.

Tapre XXVL

Inches.
i, 423
244
IL. | 33
| 27
|
s | 334 313
‘ 201 28§
Iv. ‘ 308 208
36+ 2
Total inches. ‘ 25650 23313

The average height of the eight crossed plants is 32-06 inches,
and that of the cight self-fertilised plants 29-14; or as 100
to 90.

* Dr. Ogle, ‘ Popular Science Review,” Jan. 1870, p. 51
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IV. LABTATE.—SALVIA COCCINEA.*

This species, unlike most of the others in the same genus,
yields a good many seeds when insects are excluded. I gathered
ninety-cight capsules produced by flowers spontaneonsly self-
fortilised under a net, and they contained on an average 1-45
sceds, whilst flowers artificially fertilised with their own pollen,
in which case the stigma will have reccived plenty of pollen,
yielded on an average 33 seeds, or moro than twice as many.
Tyventy flowers were crossed with pollen from a distinet plant,
and twenty-six were self-fertilised. There was no great difference
in the proportional mumber of flowers which produced capsules
by theso two processes, or in the mumber of the contained seeds,
or in the weight of an equal number of seeds.

Seeds of both kinds were sown rather thickly on opposite sides
of three pots. When the seedlings were about 3 inches in
height, the crossed showed a slight advantage over the seli-
fortilised. When two-thirds grown, the two fallest plants on
each side of each pot weremeasured ; the crossed averaged 16°37
inches, and the self-fertilised 11-75 in height; or as 100 to 71.
When the plants were fully grown and had done flowering, the
fwo tallest plants on each side were again measured, with the
results shown in the following table :—

TapLe XXVIL

No. of Pot. ‘ Crossed Plants. | Self-fertilised Plants,

‘ " Dnches. | Inche

5

i 208
193
1L 294 25
28 18

Total inches. |

+ The gdmirable mechanical by Sprengel, Hildebrand, Delpino,
adaptations in this genus for L. Miller, Ogle, and others, in
favouring or cnsuring cross-ferti-  their several worlss.
lisation, havo been fully deseribed
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Tt may e here seen that each of the six tallest crossed plants
exceeds in height its self-fertilised opponent; the former
averaged 2785 inches, whilst the six tallest self-fertilised plants
veraged 2116 inches; or as 100 to 76. In all three pots the
first plant which flowered was a crossed one. All the crossed
plants together produced 409 flowers, whilst all the self-fertilised
together produced only 232 flowers ; or as 100 to 57. So that
the crossed plants in this respect were far more productive than
the self-fertilised.

ORIGANUM VULGARE.

This plant exists, according to H. Miller, under two forms;
one hermaphrodite and strongly proterandrous, so that it is
almost certain to be fertilised by pollen from aiother flowe
the other form is exclusively female, has a smaller corolla, and
must of course bo fertilised by pollen from a distinct plant
in order to yield any seeds. The plants on which I experi-
mented were hermaphrodites; they had been cultivated for a
long period as a pot-herb in my kitchen garden, and-were, like
so many long-cultivated plants, extremely sterile. As T felt
doubtful about the specific name T sent specimens to Kew, and
was assured that the species was 0. vulgare. My plants formed
one great clump, and had evidently spread from a single Toot
Dy stolons. In a strict sense, therefore, they all belonged to the
same individual. My object in experimenting on them was,
fiustly, to ascertain whether crossing flowers borne by plants
having distinet roots, but all derived asexually from the same
individual, would be in any respect more advantageous than
self-fertilisation; and, secondly, toraise for future trial seedlings
which would constitute really distinct individuals. Several
plantsin the above clump were covered by a net, and about two
dozen seeds (many of which, however, were small and withered)
were obtained from the flowers thus spontancously self-fertilised.
The remainder of the plants were left uncovered and tere in-
cessantly visited by bees, so that they were doubtless crossed
by them. These exposed plants yielded rather more and finer
sced (but still very few) than did the covered plants. The two
lots of seeds thus obtained were sown on opposite sides of two
pots ; the seedlings weve carefully observed from their first
growth to maturity, but they did not differ at any period in
height or in vigour, the importance of which latter observation
we shall presently see. When fully grown, the tallest crossed
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plant in one pot was a very little taller than the tallest self-
fertilised plant on the opposite side, and in the other pot
exactly the reverse occurred. So that the two lots were in fact
equal ; and a cross of this kind did no more good than crossing
two flowers on the same plant of Ipomeea or Mimulus.

The plants were turned out of the two pots without being
disturbed and planted in the open ground, in order that they
might grow more vigorously. In the following summer all the
selifertilised and some of the quasi-crossed plants were covered
by anet. Many flowers on the latter were crossed by me with
pollen from a distinct plant, and others were left to be crossed
Dy the bees. crossed plants produced rather more
1al ones in the great clump when Ie

to the action 6f the bees. Many flowers on the sclf-fertilised
plants were artificially self-fertilised, and others were allowed
to fertilise themselves spontancously under the met, but they
yielded altogether very few seeds. These two lots of seeds—
the product of a cross hetween distinet seedlings, instead of as

- in the lash case between plants multiplied by stolons, and the
product of self-fertilised flowers—were allowed to germinate on
hare sand, and several equal pairs were planted on opposite
sides of two lurge pots. At a very eamrly age the cv
plants showed some superiority over the self-fertilised, which
was ever afferwards retained. When the plants were fully
grown, the two tallest crossed and the two tallest self-fertilised
plants in each pot were measured, as shown in the following
table. T regref that from want of time I did not measure all
the pairs; but the tallest on each side seemed fairly to represent;
the average difference between the two lots.

Tapre XXVIIL
[
[/ Coomcet Pt (hs | S61 fertisea Plants
No. of Pot. } (e pqw ol o
Tnches Tnches.
E 26 24
21 21
il 2 | 12
16 ‘ 114
Total inches. 80-0 ‘ 68°5
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The average height of the crossed plants is here 20 inches, and
that of the self-fertilised 1712; or as 100 to86. But this excess
of height by no means gives a fair idea of the vast superiority in
vigour of the crossed over the self-fertilised plants. The crossed
flowered first and produced thirty flower-stems, whilst the self-
fertilised produced only fifteen, or half the number. The pots
were then bedded out, and the roots probably came out of the
holes at the bottom and thus aided their growth. Barly in the
following summer the superiority of the crossed plants, owing
to their increase by stolons, over the self-fertilised plants was
truly wonderful. Tn Pot I, and it should be remembered that

ts had been used, the oval clump of crossed plants
4} inches across, with the tallest stem, as yet young,
nches in height; whilst the clump of self-fertilised plants,
on the apposite side of the sume pot, was ouly 8} by 2} inches
across, with the tallest young stem 4 inches in height. In Pot
1L, the clump of crossed plants was 18 by 9 inches across, with
the tallest young stem 8} inches in height; whilst the clump of
self-fertilised plants on the opposite side of the same pot was 12

by 4} inches across, with the tallest young stem 6 inches in
height. d plants during this season, as during the

last, flowered first. Both the crossed and self-fertilised plants
Teing left freely exposed to the visits of bees, manifestly produced
much more seed than their grand-parents,—the plants of tho
original clump still growing close by in the same garden, and:
equally left to the action of the bees.

V. ACANTHACE/E.—THUNBERGIA ALATA.

1t appears from Hildebrand’s description ( Bot. Zeitung,’ 1867,
. 285) that the conspicuous flowers of this plant are adapted
for cross-fertilisation. Seedlings were twice raised from pur-
chased seed; but during the early. summer, when first expe-
rimented on, they were extremely sterile, many of the anthers ,
containing hardly any pollen. Nevertheless, during the autumn
these same plants spontaneously produced a good many seeds.
Twenty-six flowers during the two years were crossed with
pollen fromi a distinct plant, but they yielded only eleven
capsules; and these contained very few seeds! Twenty-eight
flowers were fertilised with pollen from the same flower, and
these yielded only ten capsules, which, however, contained
rather more seed than the crossed capsules. Eight pairs of
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germinating seeds were planted on opposite sides of five pots;
and exactly half the crossed and half the self-fertilised plants
exceeded their opponents in height. Two of the self-fertilised
plants died young, before they were measured, and their crossed
opponents were thrown away. The six remaining pairs
very unequally, some, both of the crossed and self-fertilis
plants, being more than twice as tall as the others. The average
height of the crossed plants was 60 inches, and that of the self-
fertilised plants 65 inches, or as 100 to 108, A cross, therefore,
between distinet individuals hero appears to do no good; but
this result deduced from so few plants in a very sterile condition
and growing very unequally, obviously cannot be trusted.
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CHAPTER IV.

Creomrens, PAPAVERACES, RESEDACE, ETC.

Brassica oleracea, crossed and self-fertilised plants—Great effect of a
cross with a fresh stock on the weight of the offspring—Iberis
umbellata— Papaver vagum— Eschischoltzia californica, seedlings
from a cross with a fresh stock not move vigorous, but more
fertile than the self- f(rtl .d seedlings— Reseda lutea and odorata,
many individuals sterile with their own pollen—Viola tricolor,
wonderful eff of a cross—Adonis wstivalis—Delphinium consolida
— Viscaria oculata, crossed plants hardly taller, but more fertile than
thie self-fertilised—Dianthus caryophylius, erossed and self-fertilised
plants compared for four tions—Great effects of a cross with
a fresh stoc Uniform colour of the flowers on the self-fertilised
plants—Hibiscus africanus.

VI. CRUCIFERZ
Var. Cattell's

BRASSICA OLERACEA.
‘arly Barnes Cabbage.

Trp flowers of the common cabbage are adapted, as shown by
H. Miiller,* for cross-fertilisation, and should this fail, for self-
fertilisation. Tt is well known that the varieties are crossed so
largely by insects, that it is impossible to raise pure kinds in the
same garden, if more than one kind is in flower at the same time.
Cabbages, in one respect, were not well fitted for my experiments,
as, after they had formed heads, they were often difficult fo mea-
sure. The flower-stems also differ much in height; and a poor
plant will sometimes throw up a higher stem than that of a fine
plant. In the later experiments, the fully-grown plants were cut
down and weighed, and then the immense 8dvantage from a
cross became manifest.

A single plant of the above variety was covered with a net
just before flowering, and was crossed with pollen from another
plant of the same varicty growing close by; and the seven cap-
sules thus produced contained on an average 163 seeds, with a

“Dic Befruchtung; &e. p. 1
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maximum of twenty in one capsule, Some flowers were arti-
fieially self-fertilised, but their capsules did not contain so many
seeds as those from flowers spontancously self-fertilised under
the net, of which a considerable number were produced. Fourteen
of theso Iatter capsules contained on an average 4-1 seeds, with
a maximum in one of ten seeds; so that the seeds in the crossed
capsules were a nuuaber {0 those in the sel-fetilised eapenle
100 to 25. Theself-fertilised seeds, fifty-cight of which weighed
588 grains, were, however, a little finer than those from the
S c:Lpsulcs, fifty-cight of which weighed 8-76 grains, When
fow seeds are produced, these seem often to be better nourished
and to he heavier than when many are produced.
The two lots of seeds in an equal state of germination were
planted, some on opposite sides of a single pot, and some in the
open ground. The young crossed plants in the pot at first ex-
ceeded by a little in height the self-fertilised ; then equalled them ;
were then beaten; and lastly were again victorious. The plants,
without being disturbed, were turned out of the pot, and planted
in the open ground; and after growing for some time, the
crossed plants, which were all of nearly the same height, exceeded
the self-fertilised ones by 2 inches. When they flowered, the
flower-stems of the tallest crossed plant exceeded that of the
tallest self-fextilised plant by 6 inches. The other seedlings
which were planted in the open ground stood separate, so that
they did not compete with one another ; nevertheless the crossed
plants certainly grew toa rather greater height than the self-for-
tilised; but no measurements were made. The crossed plants
which had been raised in the pot, and those planted in the open
ground, all flowered a little before the self-fertilised plants.
Crossed and self-fertilised Plants of the Second Generation.—Some
flowers on the crossed plants of the last generation were again
crossed with pollen from another crossed plant, and produced
fine capsules. The flowers on the self-fertilised plants of the
last generation were allowed to fertilise themselyes spontaneously
nmder a net, and they produced some remarkably fine capsules.
The 4wo lots of seeds thus produced germinated on sand, and
cight pairs were planted on opposite sides of four pots. These
plants were measured to the tips of their leaves on the
90th of October of the same year, and the eight crossed plants
averaged in height 8-4 inches, whilst the self-fertilised averaged
§+53 inches, so that the crossed were a little inferior in height,
25100 t0 101-5. By the5th of June of the following year these
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plants had grown much bulkier, and had begun to form
heads. The crossed had now acquired a marked superiority
in general appearance, and averaged 802 inches in height,
whilst the self-fertilised averaged 731 inches; or as 100 to 91..
The plants were then turned out of their pots and planted
undisturbed in the open ground. By the 5th of August their
heads were fully formed, but several had grown so crooked that
their heights conld hardly be measured with accuracy. The
crossed plants, however, were on the whole considerably taller
than tho self-fortilised, In the following year they flowered; the
crossed plants flowering before the self-fertilised in three of the
pots, and at the same time in Pot TI. The flower-stems wero
now measured, as shown in Table XXIX.

TABLE XXI3

Measured to tops of Flower-stems ; 0 signifies thut a Flower-stem
was not formed.

No. of Pot. ‘ ssed Plants.
TP 3 Inches.
L 493
| 394 bl
1L 374 38
33§ 354
1L 47 51}
40 413
42 46§
. 43§
| 313
| 0
Total in inches.

The nine flower-stems on the crossed plants here average 41-03
inches, and the nine on the self-fertilised plants 39 inches in
height, or as 100 to 95. But this small difference, which, more-
over, depended almost wholly on one of the self-fertilised plants
being only 20 inches high, does not in the least show the vast
superiority of the crossed over the self-fertilised plants. Both
lots, including the two plants in Pot IV., which did mot
flower, were now cut down close to the ground and weighed, but.
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those in Pot IT. were cxcluded, for they had been accidentally
injured by a fall during transplantation, and one was almost
Killed. The eight crossed plants weighed 219 ounces, whilst the
eight self-fertilised plants weighed only 82 ounces, or as 100037 ;
50 that the superiority of the former over the latter in weight was

great.
The Effects of @ Cross with a fresh Stock.—Some flowers on a
crossed plant of the last or second generation were fertilised,
without being castrated, by pollen taken from a plant of the
same variety, but not related to my plants, and brought from a
- nursery garden (whenee my seeds originally came) having a dif-
ferent soil and aspect. The flowers on the self-fertilised plants
of the last or second generation (Lable XXIX.) were allowed to
fertilise themselves spontancously under a net, and yielded
Dlenty of seeds. These latter and the crossed seeds, after gerr
nating on sand, were planted in pairs on the opposite sides
of six large pots, which were kept at first in a cool greenhouse.
Tarly in January their heights were measured to the tips of their
leaves. The thirteen crossed plants averaged 13-16 inches in
height, and the twelve (for one had died) self-fertilised plants
averaged 13°7 inches, or as 100 to 104; so that the self-fertilised.
plants exceeded hy a little the crossed plants.

TasLe XXX,
Weight of Plants after they had formed Heads.
o |Gt | St
B
T 74 | 343
1L B 173
V. 14
AL 113
% VI 5 46 ¥
Total in ounces. 649-00 14225
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Barly in the spring the plants were gradually hardened, and
furned out of their pots into the open ground without being
disturbed. By tho end of August the greater number had
formed fine heads, but several grew extremely crooked, from:
having been drawn up to the light whilst in the greenhouse.
As it was scarcely possible to measure their heights, the finest
Dlant on each side of each pot was cut down close to the ground
and weighed, In the preceding table we have the result.

The six finest crossed plants average 10816 ounces, whilst
fhe six finest self-fertilised plants average only 23-7 ounces, or
as 100 to 2. This difference shows in the clearest manner the
enormous benefit which these plants derived from a cross with
another plant belonging to the same sub-variety, but to a fresh
Stock, and grown during at least the three previous generations
under somewhat different conditions.

The Offspring from a cut-leaved, curled, and. varicgated white-
green Cabbage crossed with a cut-leaved, curled, and varicgated.
crimson-green Cabbage, compared. with the self<fertilised Offspring
from the two Varistiecs—These trials were made, mot for the
‘salke of comparing the growth of the crossed and self-fertilised
scedlings, but because I had seen it stated that these varioties
would not naturally intercross when growing uncovered and
near one another. This statement proved quite erroneous; but
the white-green varicty was in some degree stexile in my garden,
producing little pollen and few sceds. It was therefore no
wonder that seedlings raised from the self-fertilised flowers of this
variety were greatly exceeded in height by seedlings from a cross
between it and the more vigorous crimson-green variety ; and
nothing more need be said about this experiment.

The seedlings from the reciprocal cross, that is, from the crim-
son-green variety fertilised with pollen from the white-green
varicty, offer a somewhat more curious case. A few of these
crossed scedlings reverted to a pure green variety with their
Teaves loss cut and curled, so that they were altogether in a much
more natural state, and these plants grew more vigorously and
faller than any of the others. Now it is a strange fact that a
much larger mumber of the self-fertilised seedlings from the
crimson-green variety than of the crossed seedlings thus reverted ;
and as a consequence the self-fertilised seedlings grew taller by
93 inches on an average than the crossed seedlings, with which
they were put into competition. At first, however, the crossed
scedlings exceeded the self-fertilised by an average of a quarter

© The Complete Work of Charles Darwin Online



Cuar. IV. IBERIS UMBELLATA. 103

of an inch. We thus see that reversion to a more natural con-
dition acted more powerfully in favouring the ultimate growth
of these plants than did a cross; but it should be remembered
that the cross was with a semi-sterile variety having a feeble
constitution.

IBERIS UMBELLATA.
Var. Kermesiana.

This variety produced plenty of spontancously self-fertilised
seed under a met. Other plants in pots in the greenhouse were
Toft uncovered, and as T saw small flies visiting the flowers, it
seemed probable that they would be intercrossed. Consequently
seeds supposed to have been thus crossed and spontancously self-
fortilised seeds were sown on opposite sides of a pot. The
self-fertilised seedlings grew from the first quicker than the
supposed crossed seedlings, and when both lots were in full
flower the former were from 5 to 6 inches higher than the crossed !
1 record in my motes that the seltfertilised seeds from which
these self-fertilised plants wero raised were not 5o well ripened
as the crossed; and this may possibly have caused the great
difference in their growth, in a somewhat analogous mamner
a5 occurred with the self-fextilised plants of the eighth generation
of Ipomea raised from unheslthy parents. It is a curious
cireumstance, that two other lofs of the above sceds wer
sown in pure sand mised with burnt earth, and therefore
out any organic matter; and here the suppos
seedlings grew to donble the height of the self-fertilised, before
Doth lots died, as necessarily occurred at an early period. We
shall hereafter meet with another case apparently analogous
to this of Iberis in the third generation of Petunia.

The above self-fertilised plants were allowed to fertilise them-
selves again tnder a met, yielding self-fertilised plants of the
second generation, and the supposed crossed plants were crossed
Ty pollen of a distinet plant; but from want of time this was done
in a careless manner, namely, by smearing one head of expanded
flowers over another. T should have thought that this would
have succeeded, and perhaps it did so; bub the fact of 108
of the self-fertilised seeds weighing 487 grains, whilst the same
number of the supposed: crossed seeds weighed only 357 grains,
does not look like it. Five seedlings from each lot of seeds were
raised, and the self-fertilised plants, when fully grown, exceeded
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in average height by a trifle (viz. *4 of an inch) the five probably
crossed plants. T have thonght it right to give this case and the
last, because had the supposed crossed plants proved superior
to the self-fertilised in height, I should have assumed without
doubt that the former had really been crossed. As itis, I do not;
Know what to conclude.

Being much surprised at the two forcgoing trials, T deter-
mined to make another, in which there should be no doubt about;
the crossing. I therefore fertilised with great care (but as
usual without castration) twenty-four flowers on the supposed
crossed plants of the last generation with pollen from distinct;
plants, and thus obtained twenty-one capsules. The self-fertilised
plants of the last generation wero allowed to fertilise themselves
again under a net, and the seedlings reared from these seeds
formed the third self-fertilised generation. Both lots of seeds,
after germinating on bare sand, were planted in pairs on
the opposite sides of two pots. All the remaining sceds were
sown crovwded on opposite sides of a third pot; but as all the
self-fertilised seedlings in this latter pot died before they grew
to any considerable height, they were not measured. The
plants in Pots I. and II were measured when between 7 and
8 inches in height, and the crossed exceeded the self-fertilised
in average height by 157 inches. When fully grown they were
again measured to the summits of their flower-heads, with the
following result:—

TasLe XXXI.

No, of Pot. Crossed Plants.
Inches.

L 18
21 | 21
183 | 194

1L 19 163
184 74
17§ | 144
213 | 164

Total in inches. 153-88 , 114-75

The average height of the seven crossed lants is here 19-12
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inches, and that of the seven self-fertilised plants 16-39, or as
100 to 86. But as the plants on the self-fertilised side grew
very unequally, this ratio canmot be fully trusted, and is probably
to0 high. In both pots a crossed plant flowered before any ono
of the self-fertilised. These plants were left uncovered in the
greenhouse; but from being too much crowded they were not
very productive. The seeds from all seven plants of both lots
were counted; the crossed produced 206, and the self-fertilised
154; or as 100 to 75.

Cross by a fresh Stock.—From the doubts cansed by the two
first trials, in which it was not known with certainty that the
plants had been crossed; and from the crossed plants in the
last experiment having been put into competition with plants
self-fertilised for threo generations, which moreover grew very
unequally, T resolved to repeat the trial on a larger scale, and
in a rather different manner. I obtained seeds of the same

i viety of 7. umbellata from another nursery garden,
and raised plants from them. Some of these plants were allowed
to fextilise themselves spontaneously under a net; others were
crossed by pollen taken from plants raised from seed sent me by
Dr. Durando from Algiers, where the parent-plants had been cul-
tivated for some generations. These latter plants differed in hav-
ing pale pink instead of crimson flowers, but in no other respect.
That the cross had been effective (though the flowers on the crim-
son mother-plant had not been castrated) was well shown when the
thirty crossed seedlings flowered, for twenty-four of them produced
pale pink flowers, exactly like those of their father ; the six others
having erimson flowers exactly like those of their mother
and like thoso of all the self-fertilised seedlings. This case
offers.a good instance of a result which not rarely follows
from crossing varieties having differently colowred flowers;
namely, that the colours donot blend, but resemble perfectly those
either of the father or mother plant. The seeds of hoth lots,
after germinating on sand, were planted on opposite
eight pots. When fully grown, the plants were m
the summits of the flower-heads, as shown in the following

loi—
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TapLe XXXIL
Tteris umbellata : O significs that the Plant died.

Plants from <l‘0n
L Plants from a Cross
No. of Pot. G | taneousls Self e
Inches. Inches.
L 183 173
173 16
17§ 13§
208 15§
1L 203 0
153 16§
1T 153
1L 193 135
18} i
15§ 134
1v. 17} 164
18¢ 144
17§ 16
15§ 153
144 144
. 18}
143
163
15§
123
VI 183
18§
17§
VIL 18
164
18
VIIL 20§
17§
13§
193
Total in inches. 520-38

The average height of the thirty crossed plants is here
1734, and that of the twenty-nine self-fertilised plants (one
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having died) 1551, or as 100 to 89. T am surprised that the
difference did not prove somewhat greater, considering that in
the last experiment it was as 100 to 86; but this latter ratio, as
before explained, was probably too great. In should, however,
be observed that in tho last experiment (Table XXXL.), the
crossed plants competed with plants of the third rtilised
generation; whilst in the present case, plants derived from a
cross with a fresh stock competed with self-fertilised plants of
the first generation.

The crossed plants in the present case, as in the last, were
more fertile than the self-fertilised, both lots being left un-
covered in the greenhouse. The thirty crossed plants produced
103 seed-bearing flower-heads, as well as some heads which
yielded no seeds; whereas the twenty-nine selt-fertilised plants
produced only 81 seed-bearing heads; therefore thirty such
plants would have produced 837 heads. We thus get the
Tatio of 100 to 81, for the number of seed-bearing flower-heads
produced by the crossed and self-fertilised plants. Moreover, a
number of seed-bearing heads from the crossed plants, com-
pared with the same number from the self-fertilised, yielded
seeds by weight, in the ratio of 100 to 92. Combining these
#wo elements, viz., the number of secd-bearing heads and the
weight of seeds in each head, the productiveness of the crossed
to the self-fertilised plants was as 100 to 75

The crossed and self-fertilised seeds, which remained after
the above paivs had been planted, (some in a state of germina-
tion and some not s0), were sown early in the year out of doors
in two rows. Many of the self-fertilised scedlings suffered
ereatly, and a much larger number of them perished than of
the crossed. In the autumn the surviving self-fertilised plants
were plainly less well-grown than the crossed plants.

VII. PAPAVERACE/E—PAPAVER VAGUM.
A sub-species of P. dubium, from the south of France.

The poppy does not secrete nectar, but the flowers are highly
conspicuous and are visited by many pollen-collecting bees,
flies and beetles. The anthers shed their pollen very early, and
in the case of P. rhiaus, it falls on the circumforence of the
radiating stigmas, so that this species must often be self-ferti-
lised; but with 2. dubium the same result does not follow
(according to . Miiller, ‘Die Befruchtung,’ p. 128), owing to
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the shortness of the stamens, unless the flower happens to stand
inclined. The present species, therefore, does not seem so yell
fitted for self-fertilisation as most of the others. Nevertheless
P. vagum produced plenty of capsules in my garden when insects
were excluded, but only late in the season. I may here add that
P. somniferum produces an of self-
fertilised capsules, as Professor H. Hoffmann likewise found to
Do the case* Some species of Papaver cross freely when growing
in the same garden, as I have known to be the case with 2.
bracteatum and orientale.

Plants of Papaver vagum were raised from seeds sent me from
Antibes through the kindness of Dr. Bornet. Some little time
after the flowers had expanded, several were fertilised with
their own pollen, and others (not castrated) with pollen from a
distinet individual; but I have reason to believe, from observa-
tions subsequently made, that these flowers had been already
fertilised by their own pollen, as this process seems to take place
soon after their expansion.t I raised, however, a few scedlings
of both lots, and the self-fertilised rather exceeded the crossed
plants in height.

Barly in the following year I acted differently, and fertilised
soven flowers, very soon after their expansion, with pollen from -
another plant, and obtained six capsules. From counting the
seeds in a medinm-sized one, I estimated that the average
number in each was at least 120 Four out of twelve capsules,
spontancously self-fertilised at the same time, were found to
contain mo good seeds; and the remaining eight contained on
an average 676 seeds per capsule. But it should be observed
that later in the season the same plants produced under a net
plenty of very fine spontaneously self-fertilised capsules.

The above two lots of seeds, after germinating on sand, were
planted in pairs on opposite sides of five pots. The two lots of
seedlings, when half an inch in height, and again when 6 inches
high, were measured to the tips of their leaves, but presented

* «Zur Speciesfrage,’ 1875, p. 53.  done “on the second day, or even

+ Mr. J. Scott found (‘Report a few hows after the expansion
on the Experimental Culture.of of the flower on the first duy, a
the Opium Poppy * Caleutts, 1874,  partial fertilisation had already
D. 47), in the case of Papaver som-  been _eflected, and a few good
niferum, that if be cut away the seeds were almost invariably pro-
stigmatic surface before  the duced” This proves at how early
flower had expanded, mo seeds o period fertilisation takes place.
were produced; but if this was
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no difference. When fully grown, the flower-stalks were
measured to the summits of the seed capsules, with the follow-
ing result:—

TABLE XIIL.
Papaver vagum.
‘ Crossed Plants. Self-fertilised Plants.
I Tnches. Tnches.
L 243 21
30 26§
18§ 16
1L 144 153
22 20}
19§ 14]
213 164
1L 208 193
203 133
203
. 253 233
243 23
v. 20
273
19
Total in inches. 32875 29313

The fifteen crossed plants here average 21-91 inches, and the
fiftoen self-fertilised plants 1954 inches in height, or as 100 to
89. These plants did not differ in fertility, as far as could be
judged by the number of capsules produced, for there were
seventy-five on the crossed side and seventy-four on the self-
fortilised side.

ESCHSCHOLTZIA CALIFORNICA.

This plant is remarkable from the crossed seedlings not ex-
ceeding in height or vigour the self-fertilised. On the other
hiand, a eross greatly increases the productiveness of the flowers
on the parent-plant, and is indeed sometimes necessary in order
that they should produce amy seed; moreover, plants thus
derived are themselves much more fertile than those raised from
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self-fertilised flowers; so that the whole advantage of a cross is
confined to the reproductive system. It will be necessary for
me fo give this singular case in considerable detail.

Twelve flowers on some plants in my flower-garden were
fertilised with pollen from distinct plants, and produced twelve
Gapsules; but one of these contained no good seed. The sceds
of the cleven good capsules weighed 17-4 grains, Highteen
flowers on the same plants were fertilised with their own pollen
and produced twelve good capsules, which contained 13-61
grains weight of seed. Therefore an equal number of crossed
d self-fertilised capsules would have yielded seed by weight
100 to 71* If we take into account the fact that a much
greater proportion of flowers produced capsules when crossed
than when self-fertilised, the relative fertility of the crossed to
the self-fertilised flowers was as 100 to 52. Nevertheless these
plants, whilst still protected by the net, spontaneously produced
a considerable number of self-fertilised capsules.

The seeds of the two lots ‘after germinating on sand were
planted in pairs on the opposite sides of four large pots. At
theve was mo difference in their growth, bub ultimately
ssed scedlings exceeded the self-fertilised considerably in
height, as shown in the following Table. But I believe from

TapLe XXXTIV.
Eschscholtzia californica.

. of Pot \ Crossed Plants. } Self-fertilised Plants.
Inches Tnches.
850 25
‘ 343 35
11 29 27§
[
118:75
* Prof. Hildebrand esperi-  avemge eighty-five seeds, whilst

mented on plands in Germany on  fourleen cupsules from celf-feti-
er scale than I did, and flowers contained on an
fonnd them much more self-sterile. age \mly nine seeds; that is,
Eighitoen! cupanles; (produeeal by a5 100, to 11-1¢ b, Fis Wit
ertilisation, contained on an  Botanik.” By p. 467
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the cases which follow that this result was accidental, owing to
only a few plants having been measured, and to one of the
self-fertilised plants having grown only to a height of 15 inches.
The plants had been kept in the greenhouse, and from being
drawn up to the light had to be tied to sticks in this and the
following trials. They were measured to the summits of their
flower-stems.

The four crossed plants here average 29°68 inches, and the
four self-fertilised 2556 in height; or as 100 to 86. The

- yemaining seeds were sown in a large pot in which a Cineraria
Tad long been growing; and in this case again the two crossed
plants on the one side greatly excceded in height the two self-
fertilised plants on the opposite side. The plants in the above
four pots from having been kept in the greenhouse did not
produce on this or any other similar occasion many capsules;
but the flowers on the crossed plants when again crossed were
much more productive than the flowers on the self-fertilised
plants when again self-fertilised. These plants after seeding
were cut down and kept in the greenhouse; and in the
following year, when grown again, their relative heights were
reversed, as the self-fertilised plants in three out of the four
pots were now taller than and flowered before the cross ul
plants.

Crossed and self-fertilised Plants of the Second Generation—The
fact just given with Tespect to the growth of the cut-down
plants made me doubtful about my first trial, so I determined
to make another on a larger scale with crossed and self-fertilised
seedlings raised from the crossed and self-fertilised plants of
the last generation. Eleven pairs were raised and grown in
competition in the usual manner; and now the result was
different, for the wo lots were nearly equal during their whole
growth. It would therefore be superfluous to give a table of
their heights. When fully grown and measured; the crossed
averaged 3247, and the self-fertilised 32°81 inches in height;
or as 100 to 101. There was no great difference in the number
of flowers and capsules produced by the two lots when both
were left freely exposed to the visits of insects.

Plants raised from Brazilian Seed—Fritz Miller sent me from
South Brazil seeds of plants which were there absolutely
sterile when fertilised with pollen from the same plant, but
were perfectly fertile when fertilised with pollen from any
other plant. The plants raised by me in England from these

6
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seeds were examined by Professor Asa Gray, and pronounced
to belong to Z. californica, with which they were identical in
general appearance. Two of these plants were covered by &
net, and were found not to be so completely self-sterile as in
Brazil. But T shall recur to this subject in another part of
this work. Here it will suffice to state that eight flowers on
these two plants, fertilised with pollen from another plant
under the net, produced eight fine capsules, each containing on
an average about eighty seeds. Bight flowers on these same
plants, fertilised with their own pollen, produced seven capsules,
which contained on an average only twelve seeds, with a maxi-
mum in one of sixteen seeds. Therefore the cross-fertilised
capsules, compared with the self-fertilised, yielded seeds in the
ratio of about 100 to 15. These plants of Brazilian parentago
differed also in a marked manner from the English plants in
producing extremely few spontaneously self-fertilised capsules
under a net.

Crossed and self-fertilised seeds from the above plants, after
germinating on bare sand, were planted in pairs on the opposite
sides of five large pots. The seedlings thus raised were the
grandehildren of the plants which grew in Brazil; the parents
having been grown in England. As the grandparents in
Brazil absolutely require cross-fertilisation in order to yield
any sceds, T expected that self-fertilisation would have proved
very injurious to these seedlings, and that the crossed ones
would have been greatly superior in height and vigour fo
those raised from self-fertilised flowers. But the result showed
that my anticipation was erroneous; for ‘as in the last experi--
ment with plants of the English stock, so in the present one,
the self-fertilised plants exceeded the crossed by a little in
height. It will be sufficient to state that the fourteen erossed
plants averaged 44-64, and the fourteen self-fertilised 45-12
mdu in height;- or as 100 to 101.

s of « Cross with afresh Stock.—TInow tried a different
experiment. Bight flowers on the self-fertilised plants of the

t experiment (i.e., grandchildren of the plants which grew in
Brazil) were again fertilised with pollen from the same plant,
and produced five capsules, containing on an average 274
seeds, with a maximum in one of forty-two seeds. Theseedlings
raised from these seeds formed the second self fertilised generation
of the Brazilian stock.

Eight flowers on one of the crossed plants of the last experi-
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ment were crossed with pollen from another grandehild, and
produced five capsules. These contained on an average 316
seeds, with a maximum in one of forty-nino seeds. . The seedlings
zaised from these seeds may be called the Tnfercrosseth

Tastly, eight other flowers on the crossed plants df the last

" experiment were fertilised with pollen from a plint of the

Tnglish stock, growing in my garden, and which must have
been exposed during many previous generations to vety different
conditions from those to which the Brazilian progenitors of the
mother-plant had been subjected. These eight flowers produced
only four capsules, containing on an average 63°2 seeds, with a
maximum in one of ninety. The plants raised from these seeds
may be called the Hnglish-crossed. As far as the ahove averages
can be trusted from so few capsules, the English-crossed capsules
contained twice as many seeds as the intercrossed, and rather
more than twice as many as the self-fertilised capsules. The
plants which yielded these capsules were grown in pots in the
greenhouse, so that their absolute productiveness must not be
compared with that of plants growing out of doors
The above three lots of seeds, viz., the self fertilised, inter-
crossed, and Fnglish-crossed, were planted in an equal state of
germination (having been as usual sown on bare sand) in nine
Targe pots, each divided into three parts by superficial partitions.
Many of the self-fertilised seeds germinated before those of the
two crossed lots, and these were of course rejected. The
seedlings thus raised are the great-grandchildren of the plants
which grew in Brazil. When they were from 2 to 4 inches
in height, the three lots were equal. They were-measured when.
four-fifths grown, and again when fally grown, and as their
relative heights were almost exactly the same at these two
ages, I will give only the last measurements. The average
height of the nineteen English-crossed plants was 45°92 inches;
that of the eighteen intercrossed plants (for one died), 43-38;
and that of the nineteen self-fertilised plants, 50°3 inches. So
that we have the following ratios in height :—
The English-crossed to the self-fertilised plants, as 100 to 109
The English-crossed to the intercrossed plants, as 100 to 94
The intercrossed to the self-fertilised plants, as 100 to 116
After the sced-capsules had been gathered, all these plants
were cut down close to the ground and weighed. The nineteen
English crossed plants weighed 18-25 ounces; the intercrossed
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plants (with their weight calculated as if there had been nine-
teem) weighed 18'2 ounces; and the mineteen self-fertilised
plants, 215 ounces. We have therefore for the weights of the
three lots of plants the following ratios :—

The English-crossed to the self-fertilised plants, as 100 to 118
The English-crossed to the intererossed plants, as 100 to 100
The intercrossed. to the self-fertilised plants, as 100 to 118

We thus see that in weight, as in height, the self-fertilised
plants had a decided advantage over the English-crossed and
intercrossed plants.

The remaining seeds of the three kinds, whether or not in a
state of germination, were sown in three long parallel Tows in
the open ground; and here again the, seli-fertilised seedlings
exceeded in height by between 2 and 3 inches the seedlings
in the two other rows, which were of nearly equal heights. The
three rows were left unprotected throughout the winter, and all
the plants were killed, with the exception of two of the self-
fortilised ; so that as far as this little bit of evidence goes, some
of the self-fertilised plants were more hardy than any of the
crossed plants of either lot.

We thus seo that tho selt-fertilised plavts which were grown
in the nine pots were superior in height (as 116 to 100), and in
weight (as 118 to 100), and apparently in hardiness, to the inter-
crossed plants derived from a cross between the grandehildren
of the Brazilion stock. The superiority is here much more
strongly marked than in the second trial with the plants of the
English stock, in which the self-fertilised were to the crossed in
height as 101 to 100. Tt is a far more remarkable fact—if we
bear in mind the effects of ctossing plants with pollen from a
fresh stock in the cases of Ipomcea, Mimulus, Brassica, and
Theris—that the self-fertilised plants exceeded in height (as 109
to 100), and in weight (as 118 to 100), the offspring of the
Brazilian stock crossed by the English stock; the two stocks
having been long subjected to widely different conditions.

If we now turn to the fextility of the three lots of plants we
find a very different result. T may premise that in five out of
the nino pots the first plant which flowered was one of the English-
crossed ; in four of the pots it was a self-fertilised plant; and in
not one did anintercrossed plant flower first; so that these
latter plants were beaten in this respect, as in so many other
ways. The three closely adjoining rows of plants growing in
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the open ground flowered profusely, and the flowers were inces-
santly visited by bees, and certainly thus intercrossed. The
manner in which several plants in the previous experiments
continued to be almost sterile as long as they were covered by a
nef, but set a multitude of capsules immediately that they were
uncovered, proves how effectually the bees carry pollen from
plant to plant. My gardener gathored, at three successive
times, an cqual number of ripe capsules from the plants of the
three lots, tntil he had collected forty-five from each lot. Tt is
nob possible to judge from external appearance whether or not a
capsule contains any good seeds; so that I opencd all the cap-
sules. OF the forty-five from the English-crossed plants, four
were emply; of those from the infercrossed, five were empty ;
and of those from the self-fertilised, nine were empty. The
seeds were counted in twenty-one capsules taken by chance out
of cach lot, and the average number of seeds in the capsules
from the English-crossed plants was 67 ; from the intercrossed,
56 and from the self-fertilised, 4852, It therefore follows that
Seeds.

The forty-five capsules (the four empfy ones in-
- cluded) from the English-crossed plants contained 2747
The forty-five capsules (the five cmpty omes in-
clnded) from the intercrossed plants confained . 2240
The forty-five capsules (the nive empty ones in-
eluded) from the self-fertilised plants contained . 17467

The reader should remember that these capsules are the pro-
duct of cross-fextilisation, effccted by the bees; and that the
difference in the number of the contained seeds must depend on
the constitution of the plants;—that is, on whether they were
derived from a cross with a distinet stock, or from a cros
between plants of the same stock, or from self-fertilisation,
From the above facts we obtain the following ratios:—

Number of seeds contained in an equal number of naturally
fertilised capsules produced—

By tho English-crossed and self-fertilised plants, as 100 to 63

By the Fnglish-crossed and intercrossed plants, as 100 to 81

By tho intercrossed and self-fertilised plants,  as 100 to 78

Bub to have ascertained the productiveness of the three lots
of plants, it would have been necessary to know how many
capsules were produced by the sumo number of plants. The
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$hree long rows, however, were not of quite equal lengths, and
the plants were much crowded, so that it would have been ex-
tremely difficult to have ascertained how many capsules were
produced by them, even if I had heen willing to undertake so
laborious a task as to colleét and count all the capsules. But;
this was feasible with the plants grown in pots in the green-
; and although these were much less fertile than those
growing out of doors, their relative fertility appeared, after care-
fully observing them, to be the same. The nineteen plants of
the English-crossed stock in the pots produced altogether 240

&; the intercrossed plants (calculated as vineteen) pro-
-92 capsules; and the nineteen self-fertilised plants,
152 capsules.  Now, knowing the number of seeds contained in
forty-five capsules of each lot, it is easy to calculate the relative
numbers of seeds produced by an equal number of the plants of
the three lots.

duced 137

Number of seeds produced by an equal number of naturally-
fertilised plants.
Seeds.
Plants of English-crossed and self-fertilised
parentage .

e as 100 to 40
Plants of the English-c

ed and intercrossed

paventage s - odl bR AR gl R
Plants of the intercrossed and self-fertilised
prtentages o5 o e a U

The superiority in productiveness of the intercrossed plants
(that is, the produet of a cross between the grandehildren of the
plants which grew in Brazil) over the self-fertilised, small as it is,
is wholly due to the larger average number of seeds contained in
the capsules; for the intercrossed plants produced fewer cap-
sules in the greenhouse than did the self-fertilised plants. The
great superiority in productiveness of the English-crossed over
the self-fertilised plants is shown by the larger number of
capsules produced, the larger average number of contained seeds,
and the smaller number of empty capsules. As the English-
crossed and intercrossed plants were the offspring of crosses in
every previous generation (as must have been' the case from the
flowers being sterile with their own pollen), we may conclude that
the great ority in p i of the English d
over the intercrossed plants is due to the two parents of the
former having been long subjected to different conditions.
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The English-crossed plants, though so superior in productive-
ness, were, as we have seen, decidedly inferior in height and
sweight to the self-fertilised, and only equal to, or hardly superior
to, the intercrossed plants. Therefore, the whole advantage of &
exoss with a distinet stock is here confined to productiveness, and
1 have met with no similar case.

VIII. RESEDACE & —RE;

A LUTEA.

Seeds collected from wild plants growing in this neighbour-
hood were sown in the kitchen-garden; and several of the
seedlings thus raised were covered with a net. Of these, some
were found (as will Dereafter be more fully described) to be
absolutely sterile when left to fertilise themselves spontaneously,
although plenty of pollen fell on their stigmas; and they were
equally sterile when artificially and repeatedly fertilised with
their own pollen; whilst other plants produced a fow spon-
tancously self-fertilised capsules. The remaining plants were
left uncovered, and as pollen was carried from plant fo plant by
the hive and humble-bees whic antly visit the flowers,
they produced an abundance of capsules. Of the necessity of
pollen being carried from one plant to another, I had amplo
evidence in the case of this species end of R. odorata; for those
plants, which set no seeds or very few as long as they were
proteeted from inseets, became loaded with capsules immediately
that they were uncovered.

Seeds from the flowers spontancously eelf fertilised under tho
net, and from flowers naturally crossed by the bees, were sown on
opposite sides of five largo pots. The scedlings were thioned as
soon as they appeared above ground, so that an equal number.
were left on the two sides. After & time the pots were plunged
into the open ground. The same number of plants of crossed
and self-fertilised parentage were measured up to the summits
of their flower-stews, with the result given in the following
table (XXXY.). Those which did not produce flower-stems were
not measured.

The average height of the twenty-four crossed planfs is here
17-17 inches, and that of the some number of self-fertilised plants
14-61; or as 100 to 85. Of the crossed plants all but five
flowered, whilst several of the self-fertilised did not doso. The
above pairs, whilst still in flower, but with sone capsules already
formed, were afterwards cut down and weighed. The crossed
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weighed 905 ounces; and an equal number of the self-fertilised
only 19 ounces, or as 100 to 21; and this is an astonishing
difference.

TapLe XXXV.

Reseda lutea, in pots.

No. of Pot. tfertilised Plauts.

T
2]

Total in inches. 350°86

Seeds of the same two lots were also sown in two adjoining
Tows in the open ground. There were twenty crossed plants in
the one Tow and thirty-two self-fertilised plants in the other
row, 5o that the experiment was not quite fair; but not so un-
fair as it at first appears, for the plants in the same row were not
crowded so much' as seriousiy to interfere with each other's
rowth, and the ground was bare on the outside of both rows.
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These plants were better nourished than those in the pots and
grew o a greater height. The cight tallest plants in each row
were measured in the same manner as before, with the following
result:

TapLe XXXVI

Reseda lutea, growing in the open ground.

Crossen Plants. | Setfetilsed Plants.

Tnches,
331

The average height of the crossed plants, whilst in full flower,
was here 2809, and that of the self-fertilised 23°14 inches ; oras
100 to 82. .It is a singular fact that the tallest plant in the two
Tows, was one of the self-fertilised. The self-fertilised plants had
smaller and paler green leaves than the crossed. All the plmts
in the two Tows were afterwards cut down and weighed. The
twenty crossed plants weighied 65 ounces, and twenty self-ferti-
Tised (by caleulation from the actual weight of the thirty-two self-
fertilised plants) weighed 2625 ounc as100to 40. There-
fore the crossed plants did not exceed in weight the self-fertilied
plants in nearly so great a degree as those growing in the
pots, owing probably to the latter having been subjected to more
severe mutual competition. On the other hand, they excecded
the seli-fertilised in height in a slightly

RESEDA ODORATA.

* Plants of the common mignonette were raised from purchased
seed, and several of them were placed under separate nets.  Of
these some became loaded with spontancously self-fertilised cap-
sules; others produced a few, and others not a single one. It
must not be supposed that these latter plants produced no seed
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because their stigmas did not receive any pollen, for they were
repeatedly fertilised with pollen from the same plant with no
effect ; but they were pexfectly fertile with pollen from any other
plant. Spontaneously sclf-fertilised seeds were saved from one
of the highly self-fertile plants, and other seeds were collected
from the plants growing outside the mets, which bad been
crossed by the bees. Theso sceds after germinating on sand
wero planted in pairs on the opposito sides of five pots. The
plants were trained up sticks, and measured to the summits of
their leafy stems—the flower-stems not being included. We hero
have the result :—

Tapre XXXVIL

Reseda odorata (seedlings from a highly Self-fertile Plant)
No. of Pot. | Crossed Plants. l Self-fertilised Plants.
L \
1L
1L \ i
iV,
Total in incl

The average height of the nincteen crossed plants s here
97-48, and that of the nineteen self-fertilised 2255 inches ; or as
100 to 82, All these plants were cut down in the early autumn
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and weighed : the crossed weighed 115 ounces, and the self-
fertilised 7-75 ounces, or -as 100 to 67. Theso two lots having
been left freely exposed to the visits of insects, did mot present
any difference to the eye in the number of sced-capsules which
they produced. -

The remainder of the same two lots of seeds were sown in two
adjoining rows in the open ground ; so that the plants wero ex-
posed to only moderate competition. The eight tallest on cach
side were measured, as shown in the following table :—

Tapre XXXVIIL.
Reseda odorata, growing in the open ground.

Crossed Plants, | Self-fertilised Plants,

Tuches.
244

e §

The average height of the cight crossed plants is 25-76, and
that of the eight self-fertilised 27-09; or as 100 to 105.

‘We here have the anomalous result of the self-fertilised plants
Teing a liftle taller than the crossed ; of which fact I can offer
no explanation. It is of course possible, but not probable, that
“the labels may have been interchanged by accident.

Another experiment was now tried: all the self-fertilised
capsules, though very few in number, were gathered from one of
the semi-self-sterile plants under anet; and as several flowers on
this same plant had been fertilised with pollen from a distinet
individual, crossed seeds were thus obtained. I expected that the
scedlings from this semi-self-sterile plant would have profited
in a higher degree from a cross, than did the seedlings from
the fully seli-fertile plants. Bubmy anticipation was quite wrong,
for they profited in a less degree. Ah analogous result followed in
the case of Eschscholtzia, in which the offspring of the plants of
Brazilian parentage (which were partially selfsterile) did not
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profit more from a cross, than did the plants of the far more
self-fertile English stock. The above two lots of erossed and
self-fertilised seeds from the same plant of Reseda odorata, after
germinating on sand, were planted on opposite sides of five pots,
and measured as in the last case, with the following result:i—

Taprn XXXIX.
Reseda odorata (scedlings from a semi-self-sterile Plant).

No. of Pot. Crossed Plants. | Self-fertilised Plants.

Inches. Inches.

Total in inchés.

The average height of the twenty crossed plants is here 29-98,
and that of the twenty self-fertilised 27-71 inches; or as 100 to
92. These plants were then cut down and weighed; and the
crossed in this case exceeded the self-fertilised in weight by a mere
trifle, viz., in the Tatio of 100 to 99. The two lots, left freely
exposed to insects, seemed to be equally fertile.

The remainder of the seed was sown in two adjoining rows in
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the open ground ; and the eight tallest plants in each row were
‘measured, with the following result:—

Tapie XL
Reseda odorata (seedlings from o semi-sclf-sterile Plant, planted,
in the open ground).

fertilised Plants.

Crossed Plants. | S

Tnches.

The average height of the eight crossed plants is here 25°92,
and that of the eight self-fertilised plants 23-54 inches; or as
100 to 90.

IX. VIOLACEZ.

Whilst the flowers of the common cultivated he
young, the anthers shed their pollen into a little semi
drical passage, formed by the basal portion of the low
and surronnded by papille. The pollen thus collected lies
close heneath the stigma, hut can seldom gain access into its
cavity, except by the aid of insects, which pass their proboseides
down this passage into the nect: Consequently when T
covered up a large plant of a culfivated variety, it set only
cighteen capsules, and most of these confained very few good
sceds—sevexal from only one to three; whereas an equally fine

VIOLA TRICOLOR.

* The flowers of this plant Bennetr, in ‘Nature May 15,
have been fully deseribed Dy ; and some remarks
Sprengel, Hildebrand, Delpino, Mr. Kitehener, ibid. p. 143.
and H. Miiller. The latter author DR
sums up all fhe provious obrer.  cfits of covcring up o plant
vations in his * Befruchtung der  of V. fricolor have been quo
B s et e by e Iuhlm(kmlns‘Hmhh
20,1873, p. 44, SeealsoMr.A.W.  Wild Flowers, &c. p. 6
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uncovered plant of the same variety, growing close by, produced.
105 fine capsules. The few flowers which produce capsules when
insects are excluded, are perhaps fertilised by the curling inwards
of the petals as they wither, for by this means pollen-grains
adhering to the papillm might be inserted into the cavity of the
Stigma. But it is more probable that their fertilisation is effected,
as Mr. Bennett suggests, by Thrips and certain minute beetles
Which haunt the flowers, and which cannot be excluded by any
net. Humble-bees are the usual fertilisers; but I have more than
once seen flies (Bhingia rostrata) at work, with the under sides of
their bodies, heads and legs dusted with pollen; and having
marked the flowers which they visited, I found them after a few
days fertilised.* It is curious for how long a time the flowers of
the heartscase and of some other plants may be watched without
an insect being seen to visit them. During the summer of 1841,1
observed many times daily for more than a fortnight some large
clumps of heartsease growing in my garden, beforeI saw a single
Tumble-beeat work. During another summer I did the same, but
at last saw some dark-coloured humble-bees visiting on three suc-
cessive days almost every flower in several clumps; and almost
all these flowers quickly withered and produced fine capsules.
T presume that a certain state of the atmosphere is necessary.
for the seoretion of nectar, and that as soon as this occurs the
ts discover the fact by the odour emitted, and immediately
frequent the flowers.

As the flowers require the aid of insects for their complete

* T should add that this fly of these bees doing so. H. Miller

apparently did not suck the nee- o seen the Live-hee at work,

. Lt vos attracted by the pi- but -oly on the wild small:

pille which surround the flowered form.  He a list

(* Nature,” 1875, p. 45) e allltis
h

its proboscis beneath the 1, forms. From Lis account, T sus-
hore the papills aro Situsted:  pect that the flowers of plints in
nu bn, in " a state of nature are ed more
frequently by iuscets
of the cultivated varieties.
I n seyeral butterflies g
ing the flwers of wild plants,
and this I have never observ
gardevs, though I have watched
the flowers during many years.

Plusia fnqmull)

flowers of the pas

do not ordinarily v
has been recorded (*Gar-

deners’ Chronicle,’ 1844, p. 374)
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fortilisation, and as they are not visited by insccts nearly so often
as most other nectar-scereting flowers, we can understand the
remarkable fact discovered by H. Miller and deseribed by him
in ¢ Nature,’ namely, that this species exists under two forms.
One of these bears conspieuous flowers, which, as we have seen,
require the aid of insects, and aro adapted to be cross-fer-
tilised by them ; whilst the other form has much smaller and
Toss conspicuously coloured flowers, which are constructed on a
slightly different plan, favouring self-fertilisation, and are thus
adapted- to ensure the propagation of the species. The self-
fertile form, however, is occasionally visited, and may be crossed
by inseets, though this is rather doubtful.

Tn my first experiments on Viola tricolor T was unsuccessful in
raising secdlings, and obtained only one full-grown crossed and
self-fertilised plant. The former was 12} inches and the latter 8
inches in height. On the following year several flowers on a
fresh plant were crossed with pollen from another plant, which
was known fo be a distinct seedling; and to this point it is im-
portant to attend. Several other flowers on the same plant
were fertilised with their own polle The average number
of seeds in the ten crossed capsules was 187, and in the twelve
self-fortilised capsulos 12-83; or as 100 to 69, These seeds,
after germinating on bave sand, were planted in pairs on the
opposite sides of five pots. They were first measured when
about a third of their full size, and the crossed plants then
averaged 3°87 inches, and the seli-fertilised only 2:00 inches in
height; or as 100 to 52. They were kept in the greenhouse, and
did not grow vigorously. Whilst in flower they were again
measured to the summits of their stems (see Table XLL), with
the following result:—

The average height of the fourteen crosse 8
inches, and that of the fourteen rilised 2°87; or as 100 to
49, In four out of the five pots, a crossed plant flowered before
any one of the seli-fertilised ; as likewise ocourred with the pair
sised during the previous year, These plants without heing
disturhed were now turned out of their pots and planted in the
open ground, so as to form five separate clumps. Early in the
following summer (1869) they flowered profusely, and being
visited by humble-bees set many capsules, which were carefully
collected from all the plants on both sides. The crossed piants
produced 167 capsules, and the self-fertilised only 17; or as
100 to 10. So that the crossed plants were more than twice the
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height of the self-fertilised, generally flowered first, and produced:
ten times as many naturally fertilised capsules.

TapLe XLIL

Viola triculor.

No.ofPot. | Crossed Plants, | Self-fertilised Plants.
" Inches. Tuches.
i, 83 03
74 2%
| 5 13
|

1. 5 6

4 4
4 3}
. 9t 33
3¢ 13
83 03
1v. 4 21
4 1t
! 4 ol

V. | 6 | 3
3% | 13

Total in inches. | 7813

By the early part of the summer of 1870 the crossed plants in
all the five clumps had grown and spread so much more than
the selffertilised, that a rison between them was
superfluom re covered with a sheet of
bloom, w t only a single self- fertilised plant, which was much
finer than any of its brethren, flowered. The crossed and self-
fertilised plants had now grown all matted together on the
respective sides of the superficial partitions still separating them ;

and in the clump which included the finest self-fertilised plant,
T estimated that the surface covered by the crossed plants was
about nine times as large as that covered by the self-fertilised
plants. The extraordinary superiority of the crossed over the
self-fertilised plants in all five clumps, was no doubt due to
the crossed plants at first having had a decided advantage over
the self-fertilised, and then robbing them more and more of fheir
food during the succeeding seasons. But we should remember:
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that the same result would follow in & state of nature even to a
greater degreo; for my plants grew in ground kept clear of
weeds, so that the selffertilised had to compete ouly with the
érossed plants; whereas the whole surfaco of the ground is
naturally covered with various kinds of plants, all of which
have to struggle together for existence.

The ensuing winter was very severe, and in the following
spring (I871) the plants were again examined. All the self-
fertilised were now dead, with the exception of a single branch on
one plant, which bore on its summit a minute rosctte of leaves
about as large_as a pea. On the other hand, all the crossed
plants without exception were growing vigorously. So that the
self-fertilised plants, besides their inferiority in’other respects,
were more tender.

Another experiment was now tried for the sake of ascertaining
how far the superiority of the crossed plants, or to speak more
correctly, the inferiority of the self-fertilised plants, would be
transmitted to their offspring. The one crossed and one self-
fertilised plant, which were first raised, had been turned out of
their pot and planted in the open ground. Both produced an
abundance of very fine capsules, from which fact we may safely
conclude that they had been cross-fertilised by insects. Sceds
from both, after germinating on sand, were planted in pairs on
the opposite sides of three pots. The naturally crossed seedlings

Tapre XLIL
Viola tricolor ; seedlings from crossed and self<fertilised Planfs, the
parents of both sets having been left to be naturally fertilised.

Naturally crossed | = 1y crossed
No.ofPot. | Plants from artii- | Plants from selt
iy ossed B, |  Torlisea Blaves
Inches | Inches
i gl 95
i w0 51
1L 7 g
10 11§
|
1 | 144 11y
i 13§ 11§
Total in inches. ’ a8 | 6188
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derived from the crossed plants flowered in all threo pots beforo
the naturally crossed seedlings derived from the self-fertilised.
plants. When Doth lots were in full flower, the two tallest
plants on each side of each pot were measured, and the resulf
is shown in the preceding table.

The average height of the six tallest plants derived from the
crossed plants is 12-56 inches; and that of the six tallest plants
derived from the self-fertilised plants is 10-31 inches; or as
100 to 82. We here see a considerable difference in height
hetween the two sets, though very far from equalling that in the’
previous trials between the offspring from crossed and self-
fortilised flowers. This difference must be attributed to the
latter set of plants having inherited a weak constitution from
their parents, the offspring of self-fertilised flowers ; notwith-
standing that the parents themselyves had been freely inter-
crossed with other plants by the aid of insects. i

X. RANUNCULACE!
The results of my experiments on this plant are hardly worth
giving, as T remark in my notes made at the time, “scedlings,
from someunknown cause, all miserably unhealthy.” Nor did they
ever become healthy; yet I feel bound to give the present case,
as it is opposed to the general results at which T have arrived.
Tifteen flowers were crossed and all produced fruit, containing
on an average 82-5 seeds; nineteen flowers were fertilised with
their own pollen, and they likewise all yielded fruit, containing
a rather larger average of 34-5 seeds; or as 100 to 106. Seedlings
wWere raised from these seeds. In one of the pots all the self-
fortilised plants died whilst quite young; in the two others, the
measurements were as follows :
Tapre XLIIT.
Adonis astivalis.

.—ADONIS ESTIVALIS.

[——

Crossed PL:
[EE AInches. Inches.
L 14 134
134 13§
I 163 153
133 | 15
Total in inch 57-00 57-25
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The average height of the four crossed plants is 14-25, and
that of the four self-fertilised plants 14-31; or as 100 to 100°4;
5o that they were in fact ofequal height. According to Professor
H. Hoffmann,* this plant is proterandrous ; nevertheless it yields
plenty of seeds when protected from insects.

DELPHINIUM CONSOLIDA.

Tt has been said in the case of this plant, as of so many
others, that the flowers are fertilised in the bud, and that
distinct plants or varieties can never naturally intercross.t But
this is an_error, as we may infer, firstly from the flowers being
proterandrous,—the mature stamens bending up, one after the
other, into the passage which leads to the nectary, and afterwards
the mature pistils bending in the same direction; secondly, from
the number of humble-bees which visit the flowers §; and thirdly,
from the greater fertility of the flowers when crossed with pollen
from a distinet plant than when spovtaneously sclf-fertilised. In
the year 1863 T enclosed a large branch in a net, and crossed five
fowers with pollen from a distinct plant; these yielded capsules
containing on an average 85°2 very fine seds, with a maximum of
forty-two in one capsule. Thirty-two other flowers on the same
Dranch produced twenty-cight spontancously self-fertilised cap-
Sules, confaining on an average 17-2 seeds, with a maximum in
one of thirty-six seeds. But six of these capsules were very poor,
Jielding only from one to five seeds; if these are excluded, the
Temaining twenty-two capsules give an average of 209
though many of theso seeds wero small. The fai
therofore, for the mumber- of seeds produced by a cross and by
spontancous self-fertilisation is as 100 to 59. These seeds-were
Tot sown, as T had oo many other experiments

Tn the summer of 1867, which was a very unfavourable one,
T again crossed several flowers under a net with pollen from a
distinet plant, axd fertilised other flowers on the same plant with
their own pollen. The former yiclded a much larger proportion
of capsules than the latter; and many of the seeds in the self-
fertilised capsules, though numereus, were so poor that an cqual
number of seeds from the crossed and self-fertilised capsules

* ¢Zur Speciesfrage’ 1875,  § Their structure is deseribed
i by H. Maller, * Befruchtung,’ &e.,
+ Decaisne, ¢ Ccmptes Rendus)  p. 122,

July, 1863, p. 5. -
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were in weight as 100 to 45. The two lots were allowed to
germinate on sand, and pairs were planted on the opposite sides
of four pots. When nemly two-thirds grown they were
measured, as shown in the following table :—

Tapre XLIV.
Delphinium consolida.

No.ofPot. | Crossed Plants. | Selffertlised Plants.

i Tnches. Tnches,
11 11

Total n inches.

ed plants here average 14-95, and the six self-
0 inches in height; or as 100 to 84 When fully
erown they were again measured, but from want of time only a
single plant on each side was measured ; so that T have thought
1t best to give the carlier measurements. At the later period
the three tallest crossed plants still exceeded considerably in
height the three tallest selffertilised, but not in quite so great
a degree as before. The pots were left uncovered in the green=
house, but whether the flowers were intercrossed by bees or self-
fertilised I donot know. The six crossed plants produced 282°
mature and immature capsules, whilst the six self-fertilised
plants produced only 159; or as 100 to 56. So that the crossed
plants were very much more productive than the self-fertilised,

XI. CARYOPHYLLACE.

Tyelve flowers were crossed with pollen from another plant,
and yielded ten capsules, containing by weight 5°77 grains of
seeds. Bighteen flowe > fertilised with their own pollen
and yielded twelve capsules, containing by weight 263 grains.
Therefore the seeds from an equal number of crossed and self-

~—VISCARIA OCULATA.
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fertilised flowers would have been in weight as 100 to 38. Thad
previonsly selected a medinm-sized capsule from each lot, and
comnted the seeds in hoth; the crossed one contained 234, and
the self-fertilised one 126 seeds; or as 100 to 44. These sceds
were sown on opposite sides of three pots, and several seedlings
raised ; but only the tallest flower-stem of one plant on each
side was measured. The three on the crossed side averaged 82:5
inches, and the three on the self-fertilised side 34 inches in
Teight'; or as 100 to 104, But this trial was on much too small
a scalo to be trusted; the plants also grew so unequally that
one of the three flower-stems on the crossed plants was very
nearly twice as tall as that on ome of the others; and one of
the three flower-stems on the self-fertilised plants exceeded in
an equal degree one of the others.

Tn the following year the experiment was repeated on a larger
scale: ton flowers were crossed on a new set of plants and
yielded ten capsules containing by weight 654 grains of seed.
Tighteen spontaneously self-fertilised capsules were gathered,
of which two contained no seed ; the other sixteen contained by
weight 607 grains of seed. Thereforo the weight of seed from
an equal momber of crossed and spontaneously self-fertilised
Howers (instead of artificially fertilised as in the previous case)
was as 100 to 58,

The seeds after germinating on sand were planted in pairs on
the opposite sides of four pots, with all the remaining seeds sown
crowded in the opposite sides of a fifth pot; in this latter pot
only the tallest plant on each side was measured. Until the
scedlings had grown about 5 inches in height no _difference
could bo perceived in the two lots. Both lots flowered at nearly
the same time. When they had almost done flowering, the
tallest flower-stem on each plant was measured, as shown in the
following table (XLY.).

The fifteen crossed plants here averago 84°5, and the fifteen
self-fertilised 33°55 inches in height; or as 100 to 97. So that
the excess of height of the crossed plantsis quite insignificant. In
productiveness, however, the difference was much more ‘plainly
marked. All the capsules were gathered from both lots of plants
(except from the crowded and unproductive ones in Pot V.), and
at the close of the season the few remaining flowers were added
in. The fourteen crossed plants produced 381, whilst the four-
teen self-fertilised plants produced only 293 capsules and flowers;
or as 100 to 77. :
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TapLE XLYV.
Viscaria oculta.
Crosed Plants, | SelFfedlised Plauts.
Tnches. Inches.
5 19 323
33 | 38
a1 38
4 283
1L 374 36
364 593
38 35§
1L 444 36
39% 203
39 0%
1v. 303 36
31 39
831 29
24 384
. 503 32
Crowed.
Total in inches. sig6s | 50336

DIANTHUS CARYOPHYLLUS.

Tho common carnation is strongly proterandrous, and there-
foro depends to a large extent upon insects for fertilisation. I
have seen only humble-bees visiting the flowers, but I dare say
other insects likewise do so. Tt is notorious that if pure seed is
desired, the greatest care is necessary * to prevent the varieties
which grow in the same garden from intercrossing. The pollen
is generally shed and lost before the two stigmas in the same
flower diverge and are ready to be fertilised. I was therefore
often forced to use for self-fertilisation pollen from the same
plant instead of from the same flower. Buton two oceasions,
when T attended to this point, I was not able to detect any
marked difference in the numbcr of seeds produced by these two
forms of seli-fertilisation.

* «Gardeners’ Chronicle, 1847,
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Several single-flowered carnations were planted in good sol,
and were all covered with a net. Bight flowers were crossed
with pollen from a distinct plant and yielded six capsules,
containing on an average 83°6 seeds, with a maximum in one of
112 sceds. Fight other flowers were selffertilised in the
manner above described, and yielded seven capsules containing
on an average 82 seeds, with a maximum in one of 112 sceds.
So that there was very little differenco in the number of sceds
produced by cross-fertilisation and self-fertilisation, viz., as
100 to 92 As these plants were covered by a met, they pro-
duced spontaneously only a few capsules containing any seeds,
and these few may perhaps be attributed to the action of
Thrips and other minute insects which haunt the flowers. A
Targe majority of the spontancously self-fextilised capsules pro-
duced by several plants contained no sceds, or only @ single one.
Excluding these latter capsules, I counted the seeds in cighteen
of the finest ones, and these contained on an average 18 seeds.
One of the plants was spontaneously self-fertile in a higher degree
than any of the others. On another occasion a single covered-up
plant produced spontancously cighteen capsules, but only two of
these contained any sced, namely 10 and 1!

Crossed and self~fertilised Plants of the First Generation.—The
many seeds obtained from the above crossed and artificially
self-fertilised flowers were sown out of doors, and two large beds
of seedlings, closely adjoining one another, thus raised. This
was the first plant on which I experimented, and T had not
then formed any regular scheme of operation. When the two
Jots were in full flower, T measured roughly a large number of
plants but record only that the crossed were on an average
fully 4 inches taller than the seli-fertilised. Judging from
subsequent measurements, we may assume that the crossed
plants, were about 28 inches, and the self-fertilised about
94 inches in height; and this will give us a ratio of 100 to
86. Out of a large number of plants, four of the crosséd ones
Hlowered before any one of the self-fertilised plants.

Thirty flowers on these crossed plants of the first generation
were again crossed with pollen from a distinct plant of the same
lot, and yielded twenty-nine capsules, containing on an average
55°62 seeds, with a maximum in one of 110 seeds.

Thirty flowers on the self-fertilised plants were again self-
fertilised ; eight of them with pollen from the same flower, and
the remainder with pollen from another flower on the same
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plant; and these produced twenty-two capsules, containing onan
average 35°95 seeds, with a maximum in one of 61 seeds. We
thus see, judging by the number of seeds per capsule, that the
crossed plants again crossed were more productive than the
self-fertilised again self-fertilised, in the ratio of 100 to 65.
Both the crossed and self-fertilised plants, from having grown
much crowded in the two beds, produced less fine capsules and
fewer seeds than did their parents.

Crossed and slffertilised Plants of the Second Generation.—The
crossed and self-fertilised seeds from the crossed and self-fertilised
plants of the last generation were sown on opposite sides of two
Pots ; but the seedlings were not thinned enough, so that both lots
grew very irregularly, and most of the self-fertilised plants after
a timé died from being smothered. My measurements were,
therefore, very incomplete. From the first the crossed seedlings
appeared the finest, and when they were on an average, by esti-

ion, 5 inches high, the self-fertilised plants were only 4
s. In both pots the crossed plants flowered first. The two.
tallest flower-stems on the crossed plants in the £wo pots were
17 and 16} inches in height; and the two tallest flower-stems
on the self-fertilised plants 104 and 9 inches; so that their
+heights were as 100 to 58. But this ratio, deduced from only
two pairs, obviously is not in the least trustworthy, and would
not have been given had it not been otherwise supported. T
state in my notes that the crossed plants were very much more
luxuriant than their opponents, and seemed to be twice as
y. This latter estimate may be believed from the ascertained.
i Some flowers
ossed plants were again crossed with pollen from
another plant of the same lot, and some flowers on the self-
fertilised plants again self-fertilised; and from the seeds thus
obtained the plants of the next generation were raised.

Crossed and self-fertilised Plants of the Third Generation—The:
seeds just alluded to were allowed to germinate on bare sand,
and were planted in pairs on the opposite sides of four pots.
When the seedlings were in full flower, the tallest stem on each
plant was measured to the base of the calyx. The measurements
are given in the following table (XLVL). In Pot I. the crossed
and seli-fertilised plants flowered at the same time; but in the
other three pots the crossed flowered first. These latter plants
also continued flowering much later in the autumn than the
self-fertilised.
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Tapre XLVL
Dianthus caryophyllus (Third Generation).

No. of Pot. Crossed Plants. ‘ Self-fertilised Plants.
[ nches.
I ‘ 30
1L ‘
TIL |
V.

Total in inches.

The average height of the eight crossed plants is here 2839
inches, and of the eight self-fertilised 25-21; or as 100 to 9.
So that there was no difference in height worth speaking of;
but in general vigour and luxuriance there was an astonishing
difference, as shown by their weights. After the sced-capsules
had been gathered, the eight crossed and the eight self-fertilised
plants were cut down and weighed; the former weighed 43
ounees, and the latter only 21 ounces; or as 100 to 49.

These plants were all kept under a net, so that the capsules
swhich they produced must have been all sponfancously self-
fortilised. The cight crossed plants produced twenty-one sach
capsules, of which only twelve contained any seed, averaging
85 per capsule. On the other hand, the eight self-fertilised
plants produced no less than thirty-six capsules, of which I
examined twenty-five, and, with the exception of three, all
contained seeds, averaging 10-63 seeds per capsule. Thus the
proportional number of seeds per capsule produced by the plants
of crossed origin to those produced by the plants of self-fertilisod
origin:(both lots being spontaneously self-fertilised) was as 100
t0 125, This anomalous result is probably due to some of the
self-fertilised plants having varied so as to mature their pollen
and stigmas more nearly at the same time than is proper to
the species ; and we have already scen that some plants in the

7
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fivst experiment differed from the others in being slightly more
self-fertile.

The Effects of a Cross with a fresh Stock.—Twenty flowers on the
self-fertilised plants of the last or third generation, in Table XLVL,
were fertilised with their own pollen, but taken from other
flowers on the samo plants. These produced fifteen capsules,
which contained (omitting two with only three and six seeds)
on an average 4723 sceds, with a masimum of seventy in one.
The self-fertilised capsules from the self-fertilised plants of the
first generation yielded the much lower average of 3595 seeds;
but as these latter plants grew extremely crowded, nothing can
be inferred with respect to this difference in their self-fertility.
The seedlings raised from the above seeds constitute the plants
of the fourth self-fertilised generation in the following table
(XLVIL).

Trelye flowers on the same plants of the third self-fertilised
genexation, in Table XLVL, were crossed with pollen from the
crossed plants in the same table. These crossed plants had been
intercrossed for the three previous gemerations; and many of
them, no doubt, were more or less closely infer-related, but not
5o closely as in some of the experiments with other species; for
several carnation plants had been raised and crossed in the
earlier generations. They were not related, or only in a distant
degree, to the self-fertilised plants. The parents of both the
self-fertilised and crossed plants had been subjected to as nearly
as possible the same conditions during the three previous genera-
tions. The above twelve flowers produced ten capsules, confain-
iug on an average 4866 sceds, with a maximum in ome of
-two seeds. The plants raised from these seeds may ho
called the intere

Lastly, twelve flowers on the same self-fertilised plants of the
third generation were erossed with pollen from plants which
had been raised from seeds purchased in London. It is almost
certain that the plants which produced these seeds had grown
under very different conditions to those to which my self-
fertilised and crossed plants had been subjected; and they were
in no degree related. The above twelve flowers thus crossed
all produced capsules, but these contained the low average of
37:41 seeds per capsule, with a maximum in one of sixty-four
seeds. It is surprsing that this cross with a fresh stock did not;
give a much higher average number of seeds; for, as we shall
imediately see, the plants raised from these seeds, which may

d.
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e called the London-crossed, benefited greatly by the cr both
in growth and fertility.

The above three lots of seeds were allowed to germinate on
bare sand. Many of the London-crossed germinated before the
others, and were rejected ; and many of the intercrossed later
than those of the other two lots. The seeds after thus germi
ting were planted in ten pots, made tripartite by superfi

Tapre XLVIL
Dianthus caryophyllus.

| 1 3
No. of Pot. Lond?u-crosned Intercrossed Plants.| 8e IT;!(‘mhscd
luns. Tlants,
| Inches. Tnch Tncl
i 39§ 251
Al 307 ‘ 21§
6 ‘
1L ‘ o8 | 303
o
1v. 334 353 30
| 28% 32 244
v. 28
0
ik ‘ 323
51
|
VIL ‘ 417
343
v | 34g
28§
Tx 25§
X. 38
324
Total in inches. 52513
|
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divisions; but when only two kinds of seeds germinated ab the
same time, they were planted on the opposite sides of other pots;
and this is indicated by blank spaces in one of the three columns
in Tablo XLVIL. An 0 in the table signifies that the seedling
died before it was measured; and a + signifies that the plant
did not produce a flower-stem, and therefore was not measured.
Tt deserves notice that no less than eight out of the cighteen self-
fortilised plants either died or did not flower; whereas only
three out of the cighteen intercrossed, and four out of the twenty
TLondon-crossed plants, were in this predicament. The self-
fortilised plants had a decidedly less vigorous appearance
than the plants of the other two lots, their leaves being
smatler and narrower. Tn only one pot did a self-fertilised plant
flower before one of the two kinds of crossed plants, between
\which there was no marked difference in the period of flowering.
The plants were measured to the base of the calyx, after they
had completed their growth, late in the autumn. :
The average height of the sixteen London-crossed plants in
fhe preceding table is 32-82 inches; that of the fifteen inter-
crossed plants, 28 inches; and that of the ten self-fertilised
plants, 26°55.
So that in height we have the following ratios:—

The London-crossed to the self-fertilised as 100 to 81

Tho London-crossed to the intererossed ds 100 to 85

The intercrossed to the self-fertilised as 100 to 95

These three lots of plants, which it should be remembered
were all derived on the mother-side from plants of the third
ration, fertilised in three different ways, were
left exposed to the visits of inscets, and their flowers were freely
crossed by them. As the capsules of each lot became ripe they
were gathered and kept separate, the empty or bad ones being
thrown away. But towards the middle of October, when the:
capsules could no longer ripen, all wero guthered and were
counted, whether good or bad. The capsules were then crushed,
and the sced cleaned Dby sieves and weighed. For the sake of
uniformity the results are given from calculation, as if there had
been twenty plants in each lot.

2 London-crossed plants actually produced 286

357-5 capsules; and from the actual weight of the seeds, the
fwenty plants would have yiclded 462 grains weight of seeds.
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The fifteen intererossed plants actually produced 157
therefore twenty of them would have produced 209°3

and the seeds would have weighed 20348 grains.

Tho ton self-fertilised plants actually produced 70 eapsules;
therefore twenty of them would have produced 140 capsules;
and the seeds would have weighed 153°2 grain

From these data we get the following ratio

Number of capsules produced by an. equal number of plants of
the three lots.
Number of Capsules.
The London-crossed to the self-fertilised, as 100 to 39
The London-crossed to the intercrossed, as 100 to 45
The intererossed to the self-fertilised, as 100 to 67

Weight of seeds produced by an equal number of plants of the
three lots.
Weight of Seed.
The London-crossed to the self-fertili 100 to 33
The London-crossed to the intercrossed, 100 to 45
The intercrossed to the self-fertilised, as 100 to 73

We thus see how greatly the offspring from the self-fertilised
plants of the third generation crossed by a fresh stock, had
their fertility increased, whether tested by the number of cap-
sules produced or by tho weight of the contained seeds; this
Tatter being the more trustworthy method. Even the offspring
from the self-fertilised plants crossed by one of the crossed
plants of the same stock, notwithstanding that both lots had
been long subjected to the same conditions, had their fertility
considerably increased, as tested by the same two methods.

In conclusion it may be well o repeat in reference to the
fertillity of these three lots of plants, that theiv flowers were
lefft freely exposed to the visits of insects and were undoubtedly
crossed by them, as may be inferred from the large number of good
capsules produced, These plants were all the offspring of the
same mother-plants, and the strongly marked difference in their
must be attributed to the nature of the pollen employed
in fertilising their parents; and the difference in the nature of the
pollen must be :Lttmbutcd to the different treatment to which
the pollen-bearing parents had been subjected during several
previous generations.

Colourof the Flowers—The flowers produced by the self-fertilised
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plants of the Jast or fourth generation were as uniform in ting
as those of a wild species, being of a pale pink or rose colour.
Analogous cases with Mimulus and Ipomeea, after soveral
gencrations of self-fertilisation, have been already given. The
of the intercrossed plants of the fourth generation were
‘e nearly nniform in colour. On the other hand, the flowers
1 plants, or those raised from a cvoss with
the fresh stock which bore dark crimson flowers, varied extremely
in colour, as might have been expected, and as is the general
rule with seedling carnations. Tt deserves notice that only two
or thrce of the Tondon-crossed plants produced dark erimson
flowers like those of their fathers, and only a very few of a pale
pitk like those of their mothers, The great majority had their

witudinally and variously striped with the two colours,
: k tint being, however, in some cases darker
than that of the mother-plants.

XII MALVAC
Many flowers on this Hibiscus wero crossed with pollen from
a distinet plant, and many others were self-fertilised. A rather
areer proportional mumber of the crossed than of the self-
ilis yiclded les, and the crossed capsules ‘con-
rather more seeds. The self-fertilised seeds were a little
heavier than an equal mumber of the crossed sceds, but they
germinated badly, and I raised only four plants of each lot. In
fhree out of the four pots, the crossed plants flowered first.

—HIBISOUS AFRICANUS.

TapLe XLVIIL
Hibiscus africanus.

No. of Pot.. ‘ Crossed Plants. lised Plants.
e ‘*’ T
I 13 163

7]]. N “ 7: S 14 T
e e
W 174 ¥ 204 F
Total inm | i 5300 l i 57'757
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Tho four crossed plants average 1825, and tho four self-fer-
filised 14-43 inches in height; or as 100 to 109. Tere we havo
tho unusual case of self-fertilised plants excecding tho crossed
in heiht ; bub only four pairs were measured, and these did not
o well or equally. T did not compare tho fertility of the two
lots.
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CHAPTER V.
GERANIACET, LEGUMINOSE, ONAGRACEE, ETC.

Pelargonium zonale, o cross between plants propagated by cuttings
does o good—Trapeolum minus—imnanthes douglasii—Lupinus
Juteus and pilosus—Phascolns multiflorus and yulgaris—Tathyrus
odoratus, varicties of, never naturally intercross in England—Pisum
safivum, varicties of, rarcly intereross, but a cross between them
highly heneficial—Snrothamnus scoparius, wonderful effects of a
eross—Ononis minutissima, cleistogene flowers of—Summary on.
the Leguminosz— Clarkia elegans—Bartonia aurea— Passiflora.

li 1i Scabios: Lactuca
of a

i S
o cularia speculum—Lobelia ramo:
exoss durin generutions—Lobelia fulgens ‘hila insignis,
reat advantages of a cross—Porago officinalis—Nolana prostrata.

XIII. GERANTACE/E.—PELARGONIUM ZONALE.

Trrs plant, as a general rule, is strongly proterandrous* and
is therefore adapted for cross-fertilisation by the aid of fusects.
Some flowers on a common scarlet variety were self-fertilised,
and other flowers were crossed with pollen from another plant;
but no sooner had I done so, than I remembered that these
plants had been propagated by cuttings from the same stock,
and were therefore parts in a strict sense of the same individual.
Nevertheless, haying made the eross T resolved to save the seeds,
\which, after germinating on sand, were planted on the opposite

which also the pistil is frequently
of mew varieties of pelargoniw short, so when it expands it is
after stating .that this species is  smothered as it were by fhe
proterandrous, adds (“Tho Floyist  bursting anthers; these varieties
P Pomologist,” Jan. 1872, p. 11) “are arcat seeders, cach pip being:
Uthere are some varietics, espe-  fertilised by its own pollen. I
cially those with petuls of a pimlk  would instance Christine as an
colonr, or which possessa weakly  example of this fact.” We have
constifution, where the pistil ex- here an interesting case of va-
ands as soon as or even before riability in an important func-
fle pollen-bag bursts, and in tional point.

* Mr. J. Denny, o great T
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sides of three pots. In one pot the quasi-crossed plant was very
soon and ever afterwards taller and finer than the self-fertilised.
In the two other pots the seedlings on both sides were for a time
exactly equal ; but when the self-fertilised plants were about

10 inches in height, they surpassed their antagonists by a little,
and ever afterwards showed a moro decided and increasing
advantage; so that tho self-fertilised plants, taken altogether,
were somewhat superior to the quasi-crossed plants. In this
case, as in that of the Origanum, if individuals which have been
asexually propagated from the same stock, and which have been

- Tong subjected to the same conditions, are crossed, no advantage
whatever is gained.

Several flowers on another plant of the same variety were
fertilised with pollen from the younger flowers on the same plant,
50 as 0 avoid using the old and long-shed pollen from thé same
flower, as I thought that this latter might be less efficient than
fresh pollen.  Other flowers on the same plant were crossed with
fresh pollen from a plant which, although closely similar, was
Enown to have arisen as a distinct seedling. The self-fextilised
seeds gorminated rather before the others; but as soon as I got
equal pairs they were planted on the opposite sides of four pots.

TapLe XLIX.

Pelargonium zonale.

No.of Pot. Crossed Plunts. -fertilised Plants,

o |
T
&) |
i

Total in inches.

When the two lots of secdlings were between 4 and 5 inches in
beight they were equal, excepting in Pot IV., in which the cr
plant was much the fallest. When between 11 and 14 inches
. in height, they were measured to the tips of their uppermost
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leaves; the erossed averaged 13-46, and the self-fertilised 1107
inches in height, or as 100 to 82. Five months later they were
again measured in the samo manner, and the results are given
in the preceding table.

The seven crossed plants now averaged 22°35, and the seven
self-fertilised 1662 inches in height, or as 100 to 74. But from
the great inequality of the several plants, the result is less trust-
worthy than in most other cases. In Pot IL the two self-
fertilised plants always had an advantage, except whilst quite
young over the two crossed plants.

As 1 wished to ascertain how these plants would behave
Quring a second growth, they were cut down close to the ground
whilst growing freely. The crossed plants now showed their
superiority in another way, for only one out of the seven was
Killed by the operation, whilst three of the self-fertilised plants
never recovered. There was, therefore, no use in keeping any of
the plants excepting those in Pots I and IIL; and in the
following year the croseed plants in these two pots showed during
their second growth nearly the same relative superiority over
the self-fertilised plants as before.

TROPZOLUM MINUS.

The flowers are proterandrous, and are manifestly adapted
for crossfertilisation by insects, as shown by Sprengel and
Delpino. Twelve flowers on some plants growing out of doors
were crossed with pollen from a distinet plant and produced
cleven capsules, containing altogether twenty-four good seeds.
Eighteen flowers were fertilised with their own pollen and
produced only eleven capsules, containing twenty-two good
seeds; so that a much larger proportion of the crossed than of
the self-fertilised flowers produced capsules, and the crossed
capsules contained rather more sced than the self-fertilised in
the ratio of 100 to 92. The seeds from the self-fertilised capsules
were however the’heavier of the two, in the ratio of 100 to 87.

Seeds in an equal state of germination were planted on the
“opposite sides of four pots, but only the two tallest plants on
each side of cach pot were measured to the tops of their stems.
The pots were placed in the greenhouse, and the plants trained
up sticks, so that they ascended to an unusuak height. In three
of the pots the crossed plants flowered first, but in the fourth
at the same time with the self-fertilised. When the seedlings
were between 6 and 7 inches in height, the crossed began to
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Show a slight advantage over their opponents. When grown to
a considerable height the eight tallest crossed plants averaged
44-43, and tho eight tallest self-fertilised plants 8734 inches,
or as 100 to 84 When their growth was completed they were
again measured, as shown in the following table:—

Tapte L.
Tropacolum minus.

No. of Pot. Crossed Plants, | Self-fertilised Plants.

Inches. | Tnchies.
65 | 31

69
35

70
594

i
‘ 50
|
|
|

1v. 614
574

|
Total in inches. ‘ 467°5

The eight fallest cr
eight tallest self-fertili
to 79.

Thore was also a great difference in the fertility of the two
Jots which were left uncovered in the greenhouse. On the 17th
of September the capsules from all the plants were gathered.
and the seeds counted. The crossed plants yielded 243, whilst
the same mumber of self-fertilised plants yielded only 155 seeds,
or as 100 to 64,

sed plants now averaged 58-43, and the
d plants 46 inches in height, or as 100

LIMNANTHES DOUGLASIT.

Several flowers were crossed and self-fertilised in the usual
manner, but there was no marked difference in the number of
geods which they yielded. A vast number of spontancously self-
fertilised capsules were also produced under the net. Scedlings
were raised in five pots from the above seeds, and when the
crossed were about 3 inches in height they showed a slight
advantage over the sclf-fertilised. When double this height, the
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sixteen crossed and sixteen self-fertilised plants were measured
fo the tips of their leaves; the former averaged 7-8 inches, and
the self-fertilised 607 -inches in height, or as 100 to 83. In
all the pots, excepting IV., a crossed plant flowered before any
one of the self-fertilised plants. The plants, when fully grown,
were again mensured to the summits of their ripe capsules, with
the following resulti—

Tapre LI

Limnanthes douglasii.

No.ofPot. | Crossed Plants. | Selffertilised Plants.
¥ x i Inches.
T 151
154
11
1L

Total in inches.

The sixteen crossed plants now averaged 17-46,
fifteen (for one had died) self-fertili
height, or as 100 t079. Mr. Galton considers that a higher ratio
would be fairer, viz., 100 to 76. Hemade a graphical representa~
tion of the above measurcments, and adds the words “very
2o0d” to the cwrvature thus formed. Both lots of plants pro-
duced an abundance of seed-capsules, and, as far as could be
judged Dy the eye, there was no difference in their fertility.

and the
ilised plants 13°85 inches in
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XIV. LEGUMINOS/E

Tn this family I experimented on the following six
genera, Lupinus, Phascolus, Lathyrus, Pisum, Saro-
thamnus, and Ononis.

LUPINUS LUTEUS.*

A few flowers were crossed with pollen from a distinet plant,
but owing to the unfavourable season only two crossed seeds.
were produced. Nine seeds were saved from flowers spon-
taneously seli-fertilised under a net, on the same plant which
yielded the two crossed seeds. One of these crossed seeds was
Sown in a pot with two self-fertilised seeds on the opposite side;
the latter came up between two and three days before the crossed
seed. The second crossed seed was sown in like manner with
two self-fertilised seeds on the opposite side;; these latter also came
up about a day before the crossed one: In both pots, therefore,
the crossed seedlings from germinating later, were at-first com-
pletely beaten by the self-fertilised ; nevertheless, this state of
fhings was afterwards completely reversed. The seeds were
sown late in the autumn, and the pots, which were much too
small, were kept in the 1 The plants in
erew badly, and the self-fertilised suffered most in both pots.
The two crossed plants when in flower during the following spring
were 9 inehes in height; one of the self-fertilised, plants was
8, and the three others only 3 inches in height, being thus
mere dwal The two crossed plants produced thirteen pods,
whilst the four self-fertilised plants produced only a single
one. Some other ertilised plants which had been raised
separately in larger pots produced several spontancously self-
fextilised podsunder a net, and seeds from these were used in the
following experiment.

Crossed and self-fertilised Plants of the Second, Generation.— The

* The structure of the flowers (¢ Nature,
of this plant, and their manmer of  * there is a cavity at the back and
fertilisation, een described  base of the vexillum, in which I
by H. Miiller, ¢ Befruchtung, &e. not been able to find nectar.

5. The flowers do mot But the ntly

1872, p. 499) that

Seorato free nectar, and bees gon-  yisit these fl
enally visit them for their pollen.  this cavity for what they want,
Mr. " Farror, however, rematks andnof to the staminal tube.”

B Thie Cempliatn Wieik o Charlts Damiiemi



148 LUPINUS LUTEUS. Cuar. V.

spontancously self-fertilised seeds just mentioned, and crossed
sceds obtaincd by intercrossing the two crossed plants of the last
generation, after germinating on sand, were planted in pairs on
the opposite sides of three large pots. When the seedlings were
only 4 inches in height, the crossed had a slight advantage
over their opponents. When grown to their full height, every
one of the crossed plants excoeded its opponent in height.
Nevertheless the self-fertilised plants in all three pots flowered
before tho crossed! The micasurements are given in the
following table :—

TasLe LIL
Lupinus luteus.

No.ofPot. | Crossed Plants.

Tnche

The eight crossed plants here average 30°78, and the cight
self-fertilised 25-21 inches in height; or as 100 to 82, These
plants were left uncovered in the greenhouse to set their pods,
Dut they produced very few good ones, perhaps in part owing to
few bees visiting them. sed plants produced nine pods,
containing on an average 34 seeds, and the self-fertilised plants
seven pods, containing on an average 3 seeds, 5o that the seeds
from an equal number of plants were as 100 to 88.

Two other crossed seedlings, each with two self-fertilised
seedlings on the opposite sides of the same large pot, were
turned out of their pots early in the season, without being
disturbed, into open ground of good quality. They were thus
subjected to but little competition with one another, in com-
parison with the plants in the above three pots. In the autumn
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tho two crossed plants were about 3 inches taller than the four
self-fertilised plants; they looked also more vigorous and pro-
duced many more pods.

Tyyo other crossed and self-fertilised seeds of the same lot,
after germinating on sand, were planted on the opposite sides of
a large pot, in which a Calceolaria had long been growing,
and were therefore exposed to unfayourable conditions : the
two crossed plants ultimately attained a height of 203 and
90 inches, whilst the two self-fertilised were only 18 and 9%
inches high.

LUPINUS PILOSUS.

Trom a sevies of accidents T was again unfortunate in obtaining
a sufficient number of erossed i and the following
vesults would not be worth giving, did they not strictly accord
with those just given with respect to L. lufeus. 1 raised at first
only a single crossed seedling, which was placed in competition
with two self-fextilised ones on the opposite side of the same
pot. These plants, ‘without being disturbed, were soon after-
wards turned info the open ground. By the autumn the erossed
plant had grown to so large a size that it almost smothered
the two self-fertilised plants, which were mere dwarfs; and
the latter died without maturing a single pod. Se
fertilised seeds had been planted at tl )
in the open ground; and the two tallest of these were
82 inches, whereas the one crossed plant was 38 inches in height.
"This latter plant also produced many more pods than did any
one of the self-fertilised plants, although growing separately. A
fow flowers on the one crossed plant were crossed with pollen
from one of the self-fertilised plants, for T had no other crossed
plant from which {o obtain.pollen. One of the self-fertilised
plants having heen covered by a net produced plenty of spon-
taneously self-fertilised pods.

Crossed and sclf<fertilised. Plants of the Second Generation—From
crossed and self-fertilised sceds obtained in the manuer just
deseribed, I succeeded in raising to maturity only a pair of
plants, which were kept in a pot in the greenhouse. The crossed
plant grew to a beight of 33 inches, and the self-fertilised to
that of 26} inches. The former produced, whilst still kept in
the greenhouse, cight pods, containing on an average 277 sec
and the latter only two pods, containing on an average 2-
sceds. The averago height of the two crossed plants of the two
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generations taken together was 35°5, and that of the three self-
fertilised plants of the same two generations 80°5; or as 100
to 86

PHASEOLUS MULTIFLORUS.

This plant, the scarlet-rumer of Erglish gardeners and the P.
coccineus of Lamarck, originally came from Mexico, as T am in-
formed by Mr. Bentham. The flowers are so constructed that
hive and humble-hees, which visit them incessantly, almost always
alight on the left wing-petal, as they can best suck the nectar
from this side. Their weight and movements depress the petal,
and this causes the stigma.to protrude from the spirally-wound:
keel, and a brush of hairs round the stigma pushes out the pollen
Defore it. The pollen adheres to the head or proboscis of the
bee which is at work, and is thus placed either on the stigma
of the same flower, or is carried to another flower.t Several
years ago I covered some plants under a large net, and these
Pproduced on one occasion about one-third, and on another ocea-
sion about one-eighth, of the number of pods which the same
number of uncovered plants growing close alongside produced.t
This lessened fertility was not eaused by any injury from the
net, as T moved the wing-petals of several protected flowers, in
the same manner as bees do, and these produced remarkably

* We here see that both Lupi- in the ¢ Annals and Mag, of Nat.
s luteus and pilosus seed freely  Hist? vol. ii. (4th s) Uct.
. My son Erancis

ture, Jan. §,
D f ono peca=
iarity in their structure, namely,
xlen varichios of a Tikle verticnl projection on e
ited by singlo froo stamen ncor fa basey

) seems pluced as if to guard

> entrance into the two ncctar-

Christe u\mh, in
Vv Zealind, informs

* Gardeners” Chronicle,

£28) that the

the lpin:

ficely than any other e
leguminous plant, with the ¢ les in the staminal sheath.
tion of red clover. He adds, shows that this projection pre-
Biave, for ausement, dur Fis e wching the nectar,
sumumer, released the Stan b unless they go to the left side of
R o o el e e R e
fonmded mo for my trouble, the  necessary for fertilisation
adjoiving flowers ot so served  that théy should alight on the
liaving all proved blind? I do  left wing-p
not kuow to what species this 1 ‘Gardenen
statement ref D
The flowers: have been de- 1
seribed by Delpino, and in an
admirable manner by Mr. Farre)

Chronicle, 1857,
5, and more especially ibid,

Alio * Aunals and
M Net. it e scries,
vol. . 1838, p. 462, .

8, p, 82
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fino pods. When tho net was taken off, the flowers wero imme-
diately visited by bees, and it was interesting to observe how
quickly the plants became covered with young pods. As the
fowers are much frequented by Thrips, the self-fertilisation of
‘most of the flowers under the net may have been due to the action
of these minute insects. Dr. Ogle likewise covered up a large
portion of a plant, and “out of a vast number of blossoms thus
_protected not asinglo one produced a pod, while the unprotected
Dlossoms were for the most part fruitfal” Mr. Belt gives. a
‘more curous case ; this plant grows well and flowers in Nicaragua ;
but as nong of the native bees visit the flowers, not a single pod
is ever produced.*

From the facts now given we may feel nearly sure thab
individuals of the same variety or of different varieties, if growing
near each other and in flower at the same time, would inter-
eross; but T cannot myself advance any direct cvidence of such
an occurrence, as only a single variety is commonly cultivated in
Tngland. 1 have, however, received an account from the Rev.
. A. Leighton, that plants raised by him from ordinary seed
produced seeds differing in an extraordinary manner in colour
and shape, leading to the belief that their parents must have
been crossed. In France M. Fermond more than once planted
close together varieties which ordinarily come true and which
bear differently coloured flowers and seeds; and the offspring
thus raised varied so greatly that there could hardly be a doubt
that they had intercrossedt On the other hand, Professor IL.
Hoffmannt does mot believe in the matural crossing of the
varieties; for although seedlings raised from two varietics growiug
close together produced plants which yielded seeds of a mixed
character, ho found that this likewise occurred with plants sepa-
rated by a space of from 40 to 150 paces from any other variety ;
he therefore attributes the mixed character of the sced to sponta-

ed

* Dr, Ogle, ¢ Pop. Science Re-  proper manner.
View, 1870, p. 168, Mr Belt,  f ‘Fécondation chez les Végd-
¢Phé Naturalist in Nicaragua, taux, 1859, pp. 34-40. He adds
1874, p. 70. The lutter author that M. Villiers has described a
gives o case (* Nature) 1875, spontancous hybrid, which he
D, 26) of a late crop of P.multi-  calls P. corcineus hybridus, in the
Jlorus near London, which “was ¢ Annales de la R. do Horti-
rendered barren” by the humble-  eulure June 184
Dees cutting, as they frequently ¢ Besiimmung_des Werthes
do, holes at the bases of the flowers  von Species und Varictit,’ 1869,

instead of entering them in the pp. 47-72.

© The Complete Work of Charles Darwin Online



152 PHASEOLUS MULTIFLORUS. © Cmar.V.

neous variability. But the above distance would be very far from
sufficient to prevent intererossing: cabbages have been known to
cross at several times this distance; and the careful Giirtner*
gives many instances of plants growing at from 600 to 800 yards
apart fertilising one another. Professor Hoffmann even maintains
that the flowers of the kidney-hean are specially adapted for
self-fertilisation. He enclosed several flowers in bags; and as
the buds often dropped off, he attributes the partial sterility of
these flowers to the injurious effects of the bags, and not to the
exclusion of insects. But the only’safe method of experimenting
is to cover up a whole plant, which then never suffers.

Self-fertilised seeds were obtained by moving up and down in
the same manner as bees do the wing-petals of flowers protected
Dy a net; and crossed seeds were obtained by crossing two of the
plants under the same net. The seeds after germinating on sand
were planted on the opposite sides of two large pots, and equal-
sized sticks were given them to twine mp. When 8 inches
in height, the plants on the two sides were equal. The crossed
plants flowered before the self-fertilised in both pots. As soon
as one of each pair had grown to the summit of its stick both
were measured.

Tapre LIIL
Phaseolus multiflorus.

No. of Pot. | Crossed Plants. | Self-fertilised Plants.
T T s | Tnche
It ! 87 ‘ 848
| 88 87
| 824 | 76
Ti, | 90 764
824 874
Total in inches. ‘ 430-00 41175

The average height of the five crossed plants is 8 inches, and
that of the five self-fertilised plants 82-85; oras 100 to 96. The
pots were kept in the greenhouse, and there was little or no
difference in the fertility of the two lots. Therefore as far as
these few observations serve, the advantage gained by a cross is
very small.

* «Kenntuiss der Befruchtung,’ 1844, pp. 573, 577.
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PHASEOLUS VULGARIS.

With respect to this species, T merely ascertained that the
flowers were highly fertile when insects were excluded, as indeed
must bo the case, for the plants are often forced during the
winter when no insects are present. Some plants of two varieties
(viz, Canterbury and Fulmer’s Forcing Bean) were covered with
amot, and they seemed to produce as many pods, containing as
many beans, as some uncovered plants growing alongside; but
neither the pods nor the beans were actually counted. —This
difference in self-fertility between P. valgaris and wmultiflorus is
remarkable, as these two species are so closely related that
Linngeus thought that they formed one. 'When the varicties of £
wulyaris grow near one another in the open ground, they some-
times cross largely, notwithstanding their capacity for self-
fertilisation. Mr. Coe has given me a remarkable instance of
this fact with respect to the negro and a white-sceded and
a brown-seeded variety, which were all grown together. The
diversity of character in the seedlings of the second generation
zaised by me from his plants was wonderful. T -could add other
analogons cases, and the fact is well known to gardencrs.*

LATHYRUS ODORATUS.

Almost everyone who has studied the structure of papi-
Tionaceous flowers has heen convinced that they are specially
tion, although many of the species are
The case thereforo of
Lathyrus odoratus or. the s 2t pea is curious, for in this
country it seems invariably to fertilise itself. I conclude that
this is 5o, as five varieties, differing greatly in the colour of their
flowers but in 1o other respect, are commonly sold and come
tene; yet on inquiry from two great raisers of seed for sale, T
find that they fake no precautions to insure purity—the five
vavieties being habitually grown close togethert I have myself
purposely made similar trials with the same result. Although
the varicties always come true, yet, as we shall preseatly sce, onc

* I e given Mr. Cov's cue  ture; 1872, p. 242, to the same
in the *Gardeners' Chronicle, e ‘once, however, saw.
e J. Scealso for another Ty iting the flowers, and sup-

po: on this oceasion they
arley in ‘Na-  would have been intercrossed,

T “See Mr. \\.
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of the five well-known varieties occasionally gives birth to another,
which exhibits all its usual characters. Owing to this curious
fact, and to the darker-coloured varieties being the most pro=
ductive, these increase, fo the exclusion of the others, as T was
informed by the late Mr. Masters, if there B no selection.

Tn order fo ascertain what would be the effect of crossing two
varicties, some flowers on the Purple sweet-pea, which has a
dark reddish-purple standard-petal with violet-coloured wing-
petals and keel, were castrated whilst very young, and were
fortilised with pollen of the Painted Lady. This latter variety
has a pale cherry-coloured standard, with almost white wings
and keel. On two occasions I raised from a flower thus er
plants perfectly resembling hoth parent-forms; but the greater
number resembled the paternal variety. So perfect was the
resemblance, that T should have suspected some mistake in the
label, had not the plants, which were at first identical in appear-
ance with the father or Painted Lady, later in the season produced
Howers blotched and streaked with dark purple. This is an in-
teresting example of partial reversion in the same individual
plant as it grows older. The purple-flowered plants were thrown.
away, as they might possibly have been the product of the
accidental self-fertilisation of the mother-plant, owing to the
castration not having been effectual. But the plants which
resembled in the colour of their flowers the paternal variety or
Painted Lady were preserved, and their seeds saved. Next
summer many plants were raised from these sceds, and they:
generally resembled their grandfather the Painted Lady, but
most of them had their wing-petals streaked and stained with
dark pink; and a few had pale purple wings with the standard
of a darker crimson than is natural to the Painted Lady, so.
that they formed a mew sub-variety.  Amongst these plants
a single one appeared having purple flow
grandmother, but with the petals slightly str
tint: this was thrown away. Seeds were again saved from tho
foregoing plants, and the seedlings thus raised still resembled
the Painted Lady, or great-grandfather; but they now varied
much, the standard petal var ne from pale to dark red, in a
few instances with blotches of e; and the wing-petals varied
from nearly white to purple, the m Deing in all nearly white.

As 10 variability of this kind can he detected in plants raised
cds, the parents of which have grown during many sue-
cessive generations in close proximity, we may infer that they
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cannot have i d. What does occasionally occur is that

' in a row of plants raised from seeds of one varicty, another
varioty true of its kind appears; for instance, in a long row of
Searlets (the seeds of which had been carefully gathered from
Scarlets for the sake of this experiment) two Purples and one
Painted Lady appeared. Seeds from these three aberrant plants
swere saved amd sown in separate beds. The seedlings from both
the Purples were chiefly Purples, but with some Painted Ladies
and some Scarlets. The seedlings from the aberrant Painted
Lady were chiefly Painted Ladies with some Scarlets. Bach
variety, whatever its parentage may have been, retained all its
characters perfect, and there was no streaking or blotching of
the colours, as in the foregoing plants of crossed origin. Another
variety, however, is often sold, which is striped and blotehed
with dark purple ; and this is probably of crossed origin, for I
found, as well as Mr. Masters, that it did not transmit its
characters at all truly.

From the evidence now given, we may conclude that the.
varieties of the sweet-pea rarely or never intercross in thi
country ; and thisisa highly remarkable fact, considering, firstly
the general structure of the flowers; secondly, the large quantity
of pollen produced, far more than is requisite for self-fextilisation ;
and thirdly, the occasional visits of insects. That insects should
sometimes fail to cross-fertilise the flowers is intelligible, for T
have thrice seen humble-bees of two kinds, as well as hive-bees,
sucking the nectar, and they did not depress the keel-petals o
as to expose the anthers and stigma ; they were therefore quito
inefli¢ient for fertilising the flowers. One of these bees, namely,
Bombus lapidarius, stood on one side at the base of the standard
and inserted its proboseis beneath the single separate stamen, as
1 afterwards ascertained by opening the flower and finding this
stamen prised up. Bees are forced to act in this manner from
the slit in the staminal tube being closely covered by the broad
membranous margin of the single stamen, and from the tube
not being perforated by neetar-passages. On the other hand,
in the three British species of Lathyrus which I have examined,
and in the allied genus Vieia, two nectar-passages are present.
Therefore British bees might well be puzzled how to act in
the case of the sweet-pea. I may add that the staminal tube
of another exotic speeies, Lathyrus grandiflorus, is mot per-
forated by nectar-passages, and this species has ravely set any
pods in my garden, unless the wing-petals were moved up and
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down, in the same manner as bees ought to do; and then pods
were generally formed, but from some cause often dropped off
afterwards. One of my sons caught an elephant sphins-moth
whilst visiting the flowers of the sweet-pea, but this insect would
not depress the wing-petals and keel. On the other hand, I have
scen on one occasion hive-bees, and two or three occasions the
Megachile willughbiella, in the act of the keel; and
these bees had the under sides of their bodies thickly covered
with pollen, and could not thus fail to carry pollen from one
flower to the stigma of another. Why then do mot the varieties
occasionally infercross, thongh this would not often happen, as
insects so rarely act in an efficientmanner?” The fact cannot, as
it appears, be explained by the flowers heing self-fertilised at a
very early age; for although nectar is sometimes secreted and
polien adheres to the viscid stigma before the flowers are fully
expanded, yet in five young flowers which were examined
by me the pollen-tubes were not exserted. Whatever the cause
may be, we may conclude, that in England the varieties never or
very rarely intercross. But it does not follow from this, that
they would not be crossed by the aid of other and larger insects
in their native country, which in botanical works is said to be
the south of Europe and the East Indies. Accordingly I wrote
to Professor Delpino, in Florence, and he informs me “ that it is
the fixed opinion of gardeners there that the varieties do inter-
cross, and that they cannot be preserved pure unless they are
sown separately.

Tt follows also from the foregoing facts that the several varieties
of the sweet-pea must have propagated themselves in England
Dy self-fertilisation for very many generations, since the time
when each new variety first appeared. From the analogy of the
plants of Mimulus and Ipomeea, which had been self-fertilis
for several generations, and from trials previously made with
the common pea, which is in nearly the same state as the sweet-
pea, it appeared to me very improbable that a cross between the
individuals of the same variety would bencfit the offspring. A
cross of this kind was therefore not tried, which T now regret.
But some flowers of the Painted Lady, castrated at an early
age, were fertilised with pollen from the Purple sweet-pea; and
it should be remembered that these vavieties differ in nothing
except in the colour of their flowers. The cross was manifestly
cffectual (though only two seeds were obtained), as was shown
by the two seedlings, when they flowered, closely resembling
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their father, the Purple pea, excepting that they were a little
lighter coloured, with their kecls slightly streaked with pale
purple. Seeds from flowers spontancously self-fertilised under a
net were at the same time saved from the same mother-plant, the
Painted Lady. These seeds unfortunately did not germinate on
sand at the same time with the crossed sceds, so that they could
not be planted simultancously. One of the two crossed seeds in
a state of germination was planted in a pot (No. L) in which a
self-fertilised seed in the same state had been' planted four days
Teforo, o that this latter seedling had a great advantage over
the crossed one. In Pot II. the other crossed sced was planted
two days before a self-fertilised one; so that here the crossed
seedling had a considerable advantage over the self-fertilised one.
But this crossed seedling had its summit gnawed off by a slug,
and was in consequence for a time quite beaten by the self-
fertilised plant. Nevertheless T allowed it to remain, and so
great was its constitutional vigour that it ultimately beat its un-
injured self-fertilised rival. When all four plants were almost
fally grown they were measured, as here shown i—

Tasie LIV.

ZLathyrus odoratus.

NootFot | Grossed Punts. | Sttsrtioed Pants.
= e — ‘ Taches. -
I 80 64y
1L 784 | 63
T 5 | o
Total in inches. Hon ot |
|

these two crossed plants were reciprocally crossed with pollen
from the other plant, and the six pods thus produced contained
on an average six peas, with a maximum in one of seven. Figh-
teen spontancously self-fertilised pods from the Painted Lady,
which, as already stated, had no doubt been self-fertilised for

many previous generations, contained on an av y
peas, with a masimum in one of five peas; so that the number
“of peas in the crossed and self-fertilised pods was as 100 to 65,
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The self-fortilised peas were, however, quite as heavy as those
from the crossed pods.  From these two lots of seeds, the plants
of the next generation were raised.

Plants of the Second Generation—Many of the self-fertilised
peas just referred to gorminated on sand beforo any of the
crossed ones, and were rejected. As soon as T got equal pairs,
they were planted on the opposite sides of two large pots, which
were kept in the greenhouse. The seedlings thus raised were the
grandchildren of the Painted Lady, which was first crossed by
fhe Purple variety. When the two lots were from 4 to 6 inches
in height there was no difference between them. Nor was there
any marked difference in the period of their flowering. When
fully grown they were measured, as follows i—

Tasts LY.
Lathyrus odoratus (Second. Generation).

< from Plunts Seedlings from Plants

’ 4 during the | self-fertilised during
Conrot evious Genera-|  many previous
tions, Generations.
L

The average height of the six crossed plants is here 62+91, and
that of the six sel lised 55-31 inches; oras100t088. There
was ot much difference in the fertility of the two lots; the
crossed plants having produced in the greenhouse thirty-five
pods, and the self-fextilised thirty-two pods

Seeds were saved from the self-fertilised flowers on these two
lots of plants, for the sake of ascertaining whether the scedlings
fhrus raised would inberit any difference in growth or vigour.
1t must therefore be understood that both lots in the following:
frial aro plants of self-fertilised parentage; but that in the one
lot the plants were the children of plants which had been crossed
during two previous genexations, having been before that self
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fortilised for many gencrations; and that in the other lot they
swere the children of plants which had not heen crossed for very
many previous generations. The seeds germinated on sand and
svere planted in pairs on the opposite sides of four pots. They
were measured, when fully grown, with the following result:—

Tapix LVI.
Lathyrus odoratus.

Selffertiliscd Plants
Self-fertilised Plants ’
No. of Pot. foom Crosesd Plants, | tom Self-Tetilised
|
Tnches, | Inches.
I 72 | 65
72 | 614
I 58 64
68 683
724 56
1L 81 1 603
1V. 774 | 764
O | T,
Total in inches. | 501 | 452

The average height of the seven self-fertilised plants, the off-
spring of crossed plants, is 71-57; and that of the seven self-fer-
tilised plants, the offspring of sclf-fertilised plants, is 6
as 100 o 90. The sel-fertiliscd plants from the self-fertilised
produced rather move pods—viz., thirty-six—than the self-fer-
filised plants from the crossed, for these produced only thirty-one

ods.

A few seeds of the same two lots were sown in the opposite
corners of a large box in which a Brugmansia had long been
growing, and in which the soil was so exhausted that sceds of
Ipomaa purpurea would hardly vegetate; yet the two plants of
fhe sweet-pea which were raised flourished well. For a long
time the self-fertilised plant from the self-fertilised beat the selt-
fortilised plant from the crossed plant; the former flowered fird
and was at one time 773 inches, whilst the latter was only 68 in
height; but ultimately the plant from the previous cross showed
its superiority and aftained a height of 108} inches, whilst the
other was only 95 inches. I also sowed some of the same two

8
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Tots of seeds in poor soil ifi a shady place in a shrubbery. Here
again the self-fertilised plants from the seli-fertilised for a long
time exceeded considerably in height those from the previously.
crossed plants; and this may probably be attributed, in the
present as in the last case, to these seeds having germinated
rather sooner than those from the crossed plants; but at the
close of the season the tallest of the self-fertilised plants from
the erossed plants was 30 inches, whilst the tallest of the self-
fertilised from the self-fertilised was 293 inches in height.

From the yarions facts now given we see that plants derived
from a cross between two varieties of the sweet-pea, which differ
in mo respect except in the colour of their flowers, exceed
considerably in height the offspring from self-fertilised plants,
both in the first and second generations. The crossed plants
also transmit their superiority in height and vigour to their
self-fertilised offspring.

PISUM SATIVUM.

The common pea is perfectly fertile when its flowers are pro-
tected from the visits of insects; I ascértained this with two or
three different varieties, as did Dr. Ogle with another. But the,
flowers are likewise adapted for cross-fertilisation; Mr. Farrer
specifies * the following points, namely ; “ The open blossom dis-
playing itself in the most attractive and convenient position for
insects; the conspicuous vexillum; the wings forming an alight-
ing place; the attachment of the wings to the keel, by which
any body pressing on the former must press down the latter;
the staminal tube enclosing nectar, and affording by means of its
partially free stamen with apertures on each side of its base an
open passage to an insect seeking the nectar; the moist and
sticky pollen placed just where it will be swept out of the apex
of the keel against the entering insect; the stiff elastic style so
placed that on a pressure being applied to the keel it will be
pushed upwards out of the keel; the hairs on the style placed
on that side of the style only on which there is space for the
pollen, and in such a direction as to sweep it out; and the
stigma so placed as to meet an entering inscct,—all these
become correlated parts of one elaborate mechanism, if we

* ¢Nuture,” Oct. 10, 1
479. H. Miiller gives an

deseription of the flowers, ¢ Be~
fruchtung,’ &e. p. 247.
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suppose that the fertilisation of these flowers is effeeted hy the
carriage of pollen from one to the other.” Notwithstanding these
manifest provisions for cross-fertilisation, varieties which have
been cultivated for very many successive generations in’close
proximity, although flowering at the same time, remain pure. I
have elsewhere* given evidence on this head, and if required
could give move. There can hardly be a doubt that some of
Knight's varieties, which were originally produced by an artificial
cxoss and were very vigorous, lasted for at least sixty years, and
during all these years were self-fertilised ; for had it been other-
wise, they would not have kept true, as the several varicties
are generally grown near together. Most of the varieties, how-
ever, endure for a shorter period; and this may be in part due
to their weakness of constitution from long-continued self-
fertilisation.

It is remarkable, considering that the flowers secrete much
nectar and afford much pollen, how seldom they are visited by
insects cither in England or, as H. Miller remarks, in North
Germany. Ihave observed the flowers for the last thirty years,
and in all this time have only thrice seen bees of the proper kind at
work (one of them being Bombus muscorum), such as were suf-
ficiently powerful to depress the keel, so as o get the undersides of
their bodies dysted with pollen. These bees visited several flowers,
and conld hardly have failed to cross-fertiliso them. Hive-hees
and other small kinds sometimes collect pollen from old and
already fertilised flowers, but this is of no account. The Tarity
of the visits of efficient bees to this exotic plant is, T believe, the
chief cause of the varieties so seldom intercrossing. That a
cross does occasionally take place, as might be expected from what
has just been stated, is certain, from the recorded cases of the divect
action of the-pollen of one variety on the seed-coats of another.t
The late Mr. Masters, who particularly attended to the raising of
new varieties of peas, was convinced that some of them had
originated from accidental crosses. But as such crosses are
zare, the old varieties would not offen be thus deteriorated, more
especially as plants departing from the proper type are generally
xejected by those who collech seed for sale. There is another
canse which probably tends to render cross-fertilisation rare,

* ¢ Variation of Animals and + ¢ Var. under Domestication,”
Plants under ~Domestication,  chap. X p. 428.
chap. ix. 2nd edit. vol. i. p. 348.

ol. i.
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namely, the early age at which the pollen-tubes are exserted;
eight flowers not fully expanded were examined, and in seven of

theso the pollen-tubes were in this state; but they had mot as

yet penctrated the stigma. Although so fow insects visit the

flowers of the pea in this country or in North Germany, and

although the anthers seem here to open abnormally soon, it does

1ot follow that the species in its native country would be thus

circumstanced.

Owing to the varicties having been self-fortilised for many.
gencrations, and fo their having been subjected in each genera-
tion to nearly the same conditions (as will be explained in a
future chapter), T did not expect that a cross between two such *
plants would benefit the offspring ; and so it proved on trial. Tn
1867 T covered up several plants of the Barly Emperor pea, which
Was not then a very new variety, so that it must already have
been propagated by seli-fertilisation for at least a dozen genera-
tions. Some flowers were crossed with pollen from a distinct:
plant growing in the same row, and others were allowed to
fertilise themselves under a net.. The two lots of seeds thus
obtained were sown on opposite sides of two large pots, but only:
four pairs came up at the same time. The pots were kept in tho
greenhouse. The seedlings of both lots when between 6 and 7
fnches in height were equal. When nearly full-grown they
wero measured, as in the followin; table :i—

TapLe LVIL
Pisum sativum.

No. of Pot. Crossed Plants. l Sclf-fertilised Plants.

Py Tnche Tnches.
L 5 294
I 51
e
33
Total in inches. 138:50 158-75
|

The average height of the four crossed plants is here 3462,
and that of the four self-fertilised plants 39-68, or as 100 to 115.
So that the crossed plants, far from beating the sel-fertilised,
were completely beaten by them.
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There can be no doubt that the result would have been
widely different, if any two varicties out of the mumberless ones
shich exist had been crossed. Notwithstanding that both had.
Teen sel-fertilised for many previous generations, each would
almost certainly have possessed its own peculiar constitution;
and this degree of differentiation would have been sufficient to
make a cross highly beneficial. I have spoken thus confidently
of the benefit which would have been derived from crossing any
two vavieties of the pea from the following

aots: Androw
Knight in speaking of the results of crossing reciprocally very
tall and short vavieties, says,* “I had in this experiment a
strilking instance of the stimulative effects of crossing the breeds ;
for the smallest variety, whose height rarely exceeded 2 fect,
was increased to 6 feet; whilst the height of the large and
Inxuriant kind was very little diminished.” Recently Mr. Laxton
has made numerons crosses, and everyone has been astonished at
the vigour and luxuriance of the new varieties which he has thus
Taised and afterwards fixed by selection. He gave me sced-pens
produced from erosses between four distinct kinds; and the
plants thus raised were extraordinarily vigorous, being in each
ease from 1 to 2 or even 3 feet taller than the parent-forms,
which wero raised at the same time closo alongside. But as
T did not measure their actual height I cannot give the
Tatio, but it must have been at least as 100 to 75. A similar
trial was subsequently made with two other peas from a different
cross,and the result was nearly the same. For instance, a crossed
seedling between the Maple and Purple-podded pea was planted
in poor soil and grew to the extraordinary height of 116 inches;
whereas the tallest plant of either parent variety, namely, a
Purple-podded pea, was only 70 inches in height; oras 100 to60.

SAROTHANNUS SCOPARIUS.

Bees incessantly visit the flowers of the’common Broom, and
theso are adapted by a curious mechanism for cross-fertilisation.
When a bee alights on the wing-petals of a young flower, the
keel s slightly opened and the short stamens spring out, which
zub their pollen ggainst the abdomen of the bee. If a rather
older flower is visited for the first time (or if the bee exerts great
foree on a younger flower), the keel opens along its whole

. length, and the longer as well as the shorter stamens, together

* ¢ Philosophical Transactions,” 1799, p. 200.
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with the much clongated curved pistil, spring forth with violence.
‘The flattened, spoon-like extremity of the pistil rests for a time

“on the bacl of the bee, and leaves on it the load of pollen with

which it is charged. As soon as the bee flies away, the pistil
instantly curls round, so that the stigmatic surface is now up-
turned and occupies a position, in which it would be rubbed:
against the abdomen of another bee visiting the same flower.
Thus, when the pistil first escapes from the keel, the stigma
is rubbed against the back of the bee, dusted with pollen
from the longer stamens, either of the same or another flower;
and afterwards against the lower surface of the bee dusted
with pollen from the shorter stamens, which is often shed a
day or two before that from the longer stamens.* By this
mechanism cross-fertilisation is rendered almost inevitable, and
we shall immediately sce that pollen from a distinet plant is
more effective than that from the same flower. I need only add
that, according to H. Miiller, the flowers do not secrete neetar,
~and he thinks that bees insert their proboscides only in the hope
of finding nectar ; but they act in this manner o frequently and
for so long a time that I cannot avoid the belief that they.
obtain something palatable within the flowers,
If the visits of bees are_ prevented, and if the flowers are
not dashed by the wind against any object, the keel never
“opens, so that the stamens and pistil remain enclosed. Plants
thus protected yield very few pods in comparison with those
produced by neighbouring uncovered bushes, and sometimes
none at all. I fertilised a few flowers on a plant growing
almost in a state of mature with pollen from another plant
close alongside, and the four crossed capsules contained- on
an average 92 seeds. This large number no doubt was due
* to the bush being covered up, and thus not exhausted by

producing many pods ; for fifty pods gathered from an adjoining -

plant, the flowers of which had been fertilised by the bees,
contained an averago of only 7-14 sceds. Ninety-three pods
spontancously self-fertilised on a large bush which had been
covered up, but had been much agitated by the wind, contained
an average of 2:93 seeds. Ten of the finest, of these ninety=

* These observati

ns rave been p. 358, H. Miller has
ted form by sinee puhhsheduﬁ!ll and excel-
the Rev. G. Henslow, in the lent account of the !.lowel in his
¢Journal of Linn. Soe. Bot’ vol.  Befruchtung,’ &o. p, 2
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three capsules yielded an average of 4:30 sceds, that s less than
half the average number in the four artificially crossed capsules.
The ratio of 7-14 to 293, or as 100 to 41, is probably the
fairest for the mumber of seeds per pod, yielded by naturally-
crossed and spontancously self-fertilised flowers. The cr
seeds compared with an equal number of the spontaneously self-
fortilised seeds were heayier, ifi the ratio of 100 to 88. We thus
soe that besides the mechanical adaptations for cross-fertilisation,
the flowers are much more productive with pollen from a
distinet plant than with their own pollen.

Tight pairs of the above crossed and self-fertilised seeds, after
they had germinated on sand, were planted (1867) on the
opposite sides of two large pots. When several of the seedlings
Were an inch and a half in height, there was no marked difference
between the two lots. But even at this early age the leaves of
the.self-fertilised scedlings were smaller and of not so bright a
green as those of the crossed seedlings. The: pots wero kept in
the greenhouse, and as the plants on the following spring (1868)
looked unhealthy and had grown but little, they were plunged,
still in their pots, into the open ground. The plants all suffered
much from the sudden change, especially the self-fertilised, and
f0 of the latter died. The remainder were measured, and I
give the measurements in the following fable, because T have
ot seen in any other species so great a difference between the
crossed and self-fertilised secdlings at so early an age.

Tapee. LVIIL
Sarothamnus scoparius (very youny plants).

No. of Pot. Crossed Plants.
I Inches. 7
L 44
6
2
. | 2
2§
0
Total in inches. 17°5

Tho six crossed plants here average 2°91, and the six self-
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fortilised 133 inches in height; so that the former, were more
than twice as high as the latter, or as 100 to 46.

In the spring of the succeeding year (1869) the three erossed
plants in Pot I had all grown to nearly a foot in height, and they
had smothered the three little self-fertilised plants so completely
that two weré dead; and the third,only an inch and a half
in height, was dying. It should be remembered that these
plants had been bedded out in their pots, so that they were
subjected to very severe competition. This pot was now thrown
away.

The six plants in Pot IL were all alive. One of the self-
fortilised was an inch and a quarter taller than any one of the
crossed plants; but the other two self-fertilised plants were in a
very poor condition. I therefore resolved toleave these plants to
struggle together for some years. By the autumn of the same
year (1869) the self-fertilised plant which had been victorious
was now beaten, The measurements are shown in the following
table :—

Tasie LIX.
Pot TL—Sarotiamnus seoparius.

f-fertilised Plants.

Inches.
134

The same plants were again measured in the autumn of the
following year, 1870.

Tapie LX.
Pot TL—Sarothamnus scoparius.

Crossed Plats. f-fortilised Plants.

Ind Taches.
143
118
af
5675 | 3550
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Tho three crossed plants now averaged 18:91, and the three
slf-fertilised 11-83 inches in height; or as 100 to 63. The three
crossed plants in Pot I, as already shown, had beaten the three
self-fertilised plants so completely, that any comparison between
them was superfluous. *

The winter of 1870-1871 was severe. In the spring the three
crossed plants in Pot 11, had not even the tips of their shoots in
the least injured, whereas all three self-fextilised plants were
Xilled half-way down to the ground ; and this shows how much
more tender they were. In consequence not one of these latter
plants bove a single flower during the ensuing summer of 1871,
wwhilst all three crossed plants flowered.

(ONONIS MINUTISSIMA.

This plant, of which seeds were sent me from North Ttaly, p

duces, besides the ordinary papilionaceous flowers, minute, i

_ feet, closed or cleistogene flowers, which ean never be cro
lised, but are highly self-fertile. Some of the perfect flowers were
crossed with pollen from a distinet plant, and six capsules thus
produced yielded on an average 366 seeds, with a maximum
of five in one. Twelve perfect flowers were marked and allowed
to fertilise themselves spontancously under a met, and they
yielded cight capsules, containing on an average 238 seeds, with
a maximum of three seeds in one. S0 that the crossed and selt-
fortilised capsules from the perfect flowers yielded seeds in the
proportion of 100 o 65. Fifty-three capsules produced by the
cleistogeno flowers contained on an average 4°1 seeds, so that
these wero the most productive of all; and the sceds them-
gelves looked finer even than- those from tho crossed perfect
flowers.

The seeds from the crossed perfect flowers and from the
fortilised cleistogene flowers were allowed fo germinate on
bub unfortunately only two pairs germinated at the same time.
These were planted on the opposite sides of the same pot, which
was kept in the greenhouse. In the summer of tho sawe year,
when the seedlings were about 41 inches in height, the two lots
were equal. In the autumn of the following year (1868) the two
crossed plants were of exactly tho same height, viz., 11¢ inches,
and the two self-fertilised plants 128 and 72 inches; so that one

* of the self-fertilised exceeded considerably in height all the others.
By tho autumn of 1869 the two crossed plants had acquired the
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supremacy ; their height being 16§ and 152, whilst that of (.hs
two self-fertilised plants was 143 ;m(l 11¢ inches.
By the autumn of 1870, the heights were as follows :

TapLe LXT. B
Ononds minautis

Croseed Plants, | Self-fertilised Plants.

Tnches. |
203

193 |

So that the mean height of the two crossed plants was 1981,
and that of the two self-fertilised 17°37 inches; or as 100 to 88.
Tt should be remembered that the two lots were at first equal in
height; that one of the self-fertilised plants then had the advan- -
tage, the two crossed plants being at last vietorious.

Summary on the Leguminose. —Six genera in this
family were experimented on, and the results are in
some respects remarkable. The crossed plants of the
two species of Lupinus were conspicuously superior to
the seli-fertilised plants in height and fertility; and
when grown under very untnomable conditions, in
vigour. The scarlet-runner (Phaseolus multiflorus) is
partially sterile if the visits of bees are pn\ented and
there is reason to believe that varieties growing near
one another intercross. The five crossed plants, how-
ever, exceeded in height the five self-fertilised only .
by a little. Phaseolus vulgaris is perfectly self-fertile ;
nevertheless, varieties growing in the same garden
sometimes intercross largely. The varieties of Lathyrus
odoratus, on the other hand, appear never to intercross
in this country ; and though the flowers are not often
visited by efficient insects, I cannot account for this
fact, more especially as the varieties are believed to

© The Complete Work of Charles Darwin Online




Crar. V. CLARKIA ELEGANS. 169

intercross in North Ttaly. Plants raised from a cross
between two varieties, differing only in the colour of
their flowers, grew much taller and were under un-
favourable conditions more vigorous than the self-ferti-
lised plants ; they also transmitted, when self-fertilised,
their superiority to their offspring. The many varieties
of the common Pea (Pisum sativum), though growing in
close proximity, very seldom intercross ; and this scems
due to the rarity in this country of the visits of bees
sufficiently powerful to effect crossfertilisation. A
cross between the self-fertilised individuals of the same
variety does no good whatever to the offspring ; whilst,
a cross between distinet varieties, though closely allied,
does great good, of which we have excellent evidence.
The flowers of the Broom - (Sarothamnus) are almost
sterile if they are not disturbed and if insects are ex-
cluded. The pollen from a distinct plant is more
effective than that from the same flower in producing
seeds. The crossed seedlings have an enormous advan-
tage over the self-fertilised when grown together in
close competition. Lastly, only four plants of the
Ononis minutissima were raised; but as these were
observed during their whole growth, the advantage of
the crossed over the self-fertilised plants may, I think,
be fully trusted.

XV. ONAGRACEZ

CLARKIA ELEGANS.

Owing to the season being very unfavourable (1867), few of
the flowers which T fertilised formed capsules; twelve crossed
flowers produced only four, and eighteen self-fertilised flowers
yielded only one capsule. The seeds after germinating on sand
were planted in three pots, but all the self-fertilised plants died
in one of them. When the two lots were between 4 and 5
inches in height, the crossed began to show a slight superiority
over the seli-fertilised. When in full flower they were measured,
with the following resnlt:—
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Tasre LXIL
Olarkia elegans.

No.of Pot. | Crossed Plants. | Self-fertilised Plants.
| Toches. Inches.
L 404 33
[ 35 24
| 23 23
1L | 334 \ 304
Total in inches. | 1340 ‘ 110°5

The average height of the four crossed plants is 33-5, aud
that of the fonr self-fertilised plants 27-62 inches, or as 100 fo
8. The crossed plants altogether produced 105 and the self-
fortilised plants 63 capsules; or as 100 to 60. In both pots a
self-fertilised plant flowered before any one of the crossed plants.

XVI. LOASACE/E.—BARTONIA AUREA.

Some flowers were crossed and self-fertilised in the usual
manner during two seasons; but as I reared on the first occasion:

TasLe LXIIT.
Bartonia aurea.,

T
Crossed Plants. | S
Tuches.
31
1I. | 184 | 204
1L | 194 404
v, ‘
¥ ‘
VI |
Total in inches. |
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only bwo pairs, the results are given together. On both occasions
the crossed capsules contained slightly more seeds than the seli-
fertilised. During the first year, when the plants were about
7 inchés in height, the self-fertilised were the tallest, and in the
second year the crossed were the tallest. When the two lots were
in full flower they were measured, as in the preceding table.
The average height of the eight crossed plants is 2462, and that
ight self-fertilised 2631 inches; or as 100 to 107. So that
sed had a decided advantage over the erossed. But
the plants from some cause never grew well, and finally became
sed and three self-fertilised
plants survived to set any capsules,and these were fetw in number.
The two lots seemed to be about equally unproductive.

XVII. PASSIFLORACE/E.—PASSIFLORA GRACILIS.

This annual pecies produces spontancously numerous fruits
when insects are excluded, and behaves in this respect very
differently from most of the other species in the genus, whicl
are extremely sterile unless fertilised with pollen from a distinct
plant* Fourteen fruits from crossed flowers contained on an
average 24-14 sceds. Fourteen fruits (two poor oues being
rejected), spontaneously self-fertilised under a net, contained ou
an average 20°58 seeds per fruit; or as 100 to 85. These seeds
were sown on the opposite sides of thres pots, but only two pairs
came 1 at the same time; and therefore a fair judgment cannot
be formed.

Tapre LXIV.
Passiflora gracilis.

No. of Pot. Crossed Plants.

Inches.
56

Total in inches. 98 102

The mean of the two crossed is 49 ii\cl1cs, and that of the two
self-fertilised 51 inches; or as 100 to 104.

* ¢ Variation of Animals and  chap. xvii. 2nd edit. vol. ii. p.
Plants under Domestication,”  118.
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XVIL UMBELLIFERZE—APIUM PETROSELINUM.
The Umbelliferse are proterandrous, and can hardly fail to be
crossfertilised by the many flies and small Hymenoptera which
visit the flowers.” A plant of the common parsley was covered
by o net, and it apparently produced as many and as fine
spontaneously self-fertilised fruits or secds as the adjoining
uncovered plants. The flowers on the latter were visited by so
many inseets that they must have received pollen from one
another. Some of these two lots of seeds were left on sand, but
nearly all the selt-fertilised sceds germinated before the others,
<o that T was forced to throw all away. The remaining seeds
were wn on the opposite sides of four pots. At first the
celf-fortilised scedlings were a littlo taller in most of the pots
than the naturally crossed seedlings, and this no doubt was due
to the self-fertilised sceds having germinated first. Bub in
fhe antumn all the plants were so equal that it did not seem:
worth while to measure them. In two of the pots they were
absolutely equal; in a third, if there was any difference, it was
in favour of the crossed plants, and in a somewhat plainer
manner in the fourth pot. But neither side had any substantial
advantage over the other; so that in height they may be said
to be as 100 to 100.

XIX. DIPSACE/E.—SOABIOSA ATRO-PURPUREA.
The flow

s, which are proterandrous, were fertilised during
Taste LXV.
Seabiosa atro:purpured.

No. of Pot. ossed Plants. | Self fertilised Plants.
Tnches. Tnches.
i 14 20
144
14
13

Total in inches ‘ 685 | 615

* H. Miiller, ‘ Befruchtung, &e.  peee,’ tom. ii. p. 58, 1859), varieties
6. 1 of the carrot growing near each

p. 96.  According . M
(as stated by Godron, ‘De I'Es-  other readily intereross.
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the unfavourable season of 1867, so that I got few seeds,
especially from the self-fertilised heads, which wero extremely
sterile. The crossed and self-fertilised plants raised from these
seeds wero measured. before they were in full flower, as in the
preceding table. 2

The four crossed plants averaged 17-12, and the four self-fer-
tilised 1537 inches in height; or as 100 to 90. One of the self-
fortilised plants in Pot ITL. was killed By an accident, and its
fellow pulled up; sothat when they were again measured to the
summits of their flowers, there were only three on each side;
the crossed now averaged in height 32°83, and the self-fertilised
30-16 inches; or as 100 to 92.

Crar. V. LACTUCA SATIVA.

XX. COMPOSITA—LACTUCA SATIVA.
Three plants of Lettuce* (Great London Cos var.) grew close
fogother in my garden; one was covered by a net, and produced
self-fertilised seeds, the other two were allowed to be naturally
crossed by insects; but the season (1867) was unfavourable, and
1 did not obtain many sceds. Only one crossed and one self-
fertilised plant were raised in Pot I., and their measurements are
given in the following table (LXVL). The flowers on this one
self-fertilised plant were again self-fertilised under a net, not
with pollen from the same floret, but from other florets on the
same head. The flowers on the two crossed plants were left to
T crossed by insects, but the process was aided by some pollen
eing occasionally transported by me from plant to plant. These
two lots of seeds, after germinating on sand, were planted in
paixs on the opposite sides of Pots IL and IIL, which were at
first kept in the greenhouse and then turned out of doors. The
plants were measured when in full flower. The following table,
thexefore, includes plants belonging to two gencrations. When
the seedlings of the two lots were only 5 or 6 inches in height
they were equal. In Pot TIL one of the self-fertilised plants
died before flowering, as has occurred in so many other cases.

mposito are well-
ndnptnd e T
a murseryman on whom I can
rely, told me that he had been in
the habit of sowing several kinds
of lettuce near to‘ntncr for the
sake of seed, and had never ob-
served that they became crosscd.

It is very lmp)obul) o that all the
varicties which were culti-
vated near together G
different times: but two which T
seleeted by hazard and sowed
near each other did not flower at
the same time; and my trial
failed.
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Tapre LXVI
Lactuca sativa.

No. of Pot. ‘ Crossed Plants. _| SAt-fertilsed Plants:
| Inches.
1 5
First generation, 25 20
planted in open
‘ |
i 294 ‘ 24
Second generation, | 174 10
planted in open 124 11
round. ‘
I | 14 94
Second generation, 104 0
kept in the pot.
Total in inches. 136 9

The average height of the seven
that of the six seli-fertilised plants 16 inch

A plants is 19-43, and
; or as 100 to 82,

XXI. CAMPANULACEZE.—SPECULARIA SPECULUM.

Tn the closely allied genus, Campanula, in which Specularia.
was formerly included, the anthers shed at an early period their
pollen, and this adheres to the collecting hairs which surround
tho pistil beneath tho stigna; so that without some mechanical
2id the flowers cannot be fertilised. For instance, T covered up
a plant of Cumpanula carpatlica, and it did not produce a single
capsule, whilst the surrounding wncovered plants sceded pro-
fusely. On the other hand, the present species of Specularia
appoars to set almost as many capsules when covered up, as
when left to the visits of the Diptera, which, as far as I have
scen, aro the only insects that frequent the flowers* I did not
ascertain whether the naturally crossed and spontancously self-

sed capsules contained an equal number of seeds, bub a
comparison of artificially crossed and self-fertilised flowers,

* Tt has long been known that  cleistogene as well as perfect
another species of the genus,
Speeularia perfoliata, produces

md the former are of
e self-fertile.
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showed that the former were probably the most productive. Tt
appears that this plant is capable of producing a large numlier
of self-fertilised capsules owing to the petals closing at night, as
well as during cold weather. In the act of closing, the marg
of the petals become reflesed, and their inwardly projecting
midribs then pass between the clefts of the stigma, and in doing
50 push the pollen from the outside of the pistil on to the
stigmatic surfaces.* 3

Twenty flowers were fertilised by me with their own pollen,
but owing to the bad season, only six capsules were produced -
they contained on an average 21°7 seeds, with a maximum of
forty-eight in one. Fourteen flowers were crossed with pollen
from another plant, and these produced twelve capsules, contain-
ing on an average 30 seeds, with a maximum in one of fifty-
seven seeds; so that the crossed seeds were to the self-fertilised
from an equal number of capsules as 100 to 72. The former
were also heavier than an equal number of self-fertilised seeds,
in the ratio 0f 100 to 86. Thus, whether we judge by the number
of capsules produced from an equal number of flowers, or by the
average number of the contained seeds, or the maximum number
in any one capsule, or by their weight, crossing does great good
in comparison with sclf-fertilisation. The two lots of seeds were

Tapre LXVIL
Specularia speculum.

Tt S Bt eyt
A

No. of Pot. PlAat 1o ook b
T T
I 18 15§
Ty e
HL

Total in inches.

e D iiaand Ranunculusbal.
. (‘I’mc Acat, Nat. o, Philadel-  Yomaduring tho night caudes their
phia,’ May 16, 1876, p. 84) that selt-fertilisation.
tho closiurg of the fowers of Clay-

© The Complete Work of Charles Darwin Online



176 . LOBELIA RAMOSA. Cuar. V.

sown on the opposite sides of four pots; but the seedlings were
not sufficiently thinned. Only the tallest plant on each side was
measured, when fully grown. Ihe measurements are given in
the preceding table. Inall four pots the crossed plants flowered
first.  When the seedlings were only about an inch and a half in
height both lots were equal.

The four tallest crossed plants averaged 19-28, and the four
tallest self-fertilised 18-93 inches in height; or as 100 to 98.
So that there was no difference worth speaking of between the
two lots in height; though other great advantages are derived,
as we have scen, from crossfertilisation. From being grown in
pots and kept in the greenhouse, none of the plants produced
any capsules.

TOBELIA RAMOSA®
Var. Snow-flake.

The well-adapted means by which cross-fertilisation is en-
sured in this genus have been described by several authors.f-
The pistil as it slowly increases in length pushes the pollen
out of the conjoined anthers, by the aid of a ring of bristles; the
two lobes of the stigma being at this time closed and incapable
of fertilisation. The extrusion of the pollen is also aided by
insects, which 1ub against the little. bristles that project from
the anthers. The pollen thus pushed out is carried by insects
to the older flowers, in which the stigma of the now freely
Projecting pistil is open and ready to be fertilised. 1 proved
the importance of the gaily-coloured corolla, by cutting off the
large lower petal 6f several flowers of Lobelia erinus; and these
flowens were neglected by the hive-bees which were incessantly
visiting the other flowers.
A capsule was obtained by crossing a flower of L. ramosa
* I have adopted the name Mag. of Nat. Hist. vol. ii. (-lth
given to this plant in the ‘Gar-  series) 1868, 0. In the all
deners’ Chronicle,” 1866, Prof. genus Isntuma, the curious spike
T. Dyer, however, informs me “hmh projects rectangularly from.
white variety ~ the anthers, and which when
. Brown, from  shaken causes the pollen to fall
on the back of an entering inseet,
seems to have been du\cloped
and Dc\pmu Mr. also  from a bristle, like one of those
has given o remarkably clear  which spring from the anthers in
description of the mechanism by  some of or all the species of Lo~
whicl s-fertilisation iseffected  belia a, as described by Mr. Farrer.
in this genus, in the * Annals and

1 8 Works of Hilde]
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* with pollen from another plant, and two other capsules from
artificially self-fertilised flowers. The contained seeds were
sown on the opposite sides of four pots. Some of the crossed
seedlings which came up before the others had to be pulled up
and thrown away. Whilst the plants were very small there was

* ot much difference in height between the two lots ; but in Pot
TIL. the self-fertilised were for a time the tallest. When in full
Hower the tallest plant on each side of each pot was measured,
and the result is shown in the following table. In all four
pots a exossed plant flowered before any one of its opponents.

Tapre LXVIIL
Lobelia ramosa (irst Generation).

No. of Pot.

Tallest Crossed Plant
in each Pot.

Tallest Self-fertilised
Plant in each Pot.

Total in inches. |

The four tallest crossed plants averaged 2225, and the four
tallest self-fertilised 18-37 inches in height; or as 100 to 82. T
wwas surprised to find that the anthers of a good many of these
selffertilised plants did not cohere and did ‘not contain any
pollen; and the anthers even of a very few of the crossed plants
were in the same condition. Some flowers on the crossed plants
were again crossed, four capsules being thus obtained ; and
flowers on the self-fertilised plants were again self-fertilise
seven capsules being thus obtained. The seeds from both lots
were weighed, and it was caleulated that an equal number of
eapsules would have yielded seed in the proportion by weight of
100 for the erossed to 60 for the self-fertilised capsules. So that
tho flowers on the crossed plants again crossed were much
more fertile than those on the self-fertilised plants again self-
fertilised.
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Plants of the Second Generation.—The above two lots of seeds
wero placed on damp sand, and many of the crossed sceds
germinated, as on the last oceasion, hefore the self-fertilised, and
were rejected. Three or four pairs in the same state of germina-
tion were planted on the opposite sides of two pots; a single
inathird pot ; and all the remaining seeds were sown crowded

pa
in a fourth pot. When the seedlings were about one and a half
inches in height, they were equal on both sides of the three first
pots; but in Pot IV., in which they grew crowded and were

thus exposed to severe competition, the crossed were ahout a
third taller than the seli-fertilised. TIn this latter pot, when
the crossed averaged 5 inches in height, the self-fertilised were
about 4 inches; nor did they look mearly such fine plants. -

. In all four pots the crossed plants flowered some days befora
the self-fertilised. When in full flo the tallest plant on each
side was measured; but before tl time the single crossed
plant in Pot TIL,, which was taller than its antagonist, had died
and was not measured. So that only the tallest plant on each
side of three pots was measured, as in the following table :—

TapLE LXIX.

Lobelia ramosa (Second. Generation).

Co.of Pot, | Tallest Crossed Plant | Tal
o ot ineachPot. | P
T
i 2
I | 21 194
Iv. i 214 19
Crowded. |

Total in inches.

3
@

The average height of the three tallest crossed plants is here
23-33, and that of the three tallest self-fertilised 19 inches; oras
100 to 8L Besides this difference in height, the crossed plants
were much more vigorous and more branched than the self-
fertilised plants, and it is unfortunate that they were not
weighed.
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LOBELIA FULGENS.

Dhis species offers a somewhat perplexing case. Tn the first
gencration the self-fertilised plants; though few in mumber,
grealy exceeded the crossed in height; whilst in the second
generation, when the trial was made on a much laxger scalo, the
erossed Dbeat the selffertilised plants. As this species is
generally propagated by offsets, some seedlings were first
Taised, in order to have distinct plants. On one of these plants
ceveral flowers were fertilised with their own pollen ; and as the
pollen is mature and shed long before the stigma of the same
flower is ready for fertilisation, it was necessary to number each
flowerand keep its pollen in paper with a corresponding number.
By his means well-matured pollen was used for sélf-fertilisation.
Several flowers on the same plant were crossed with pollen from
a distinct individual, and to obtain this the conjoined anthers of
young flowers wero roughly squeezed, and as it is naturally
protruded very slowly by the growth of the pistil, it is probable
fhat the pollen used by me was hardly mature, certainly less
‘maturé than that employed for sclffertilisation. I did not at
the time think of this source of error, but I now suspect that
thus injured. Anyhow the

for self-fertilisation, is the fact that a greater proportional number

#of $he crossed than of the self-fertilised flowers produced cap-
sules; but there was no marlked difference in the amount of seed
contained in the capsules of the two lots.*

As the seeds obtained by the above two methods would not ,
germinate when left on bare sand, they were sown on the
opposite sides of four pots; but I succeeded in raising only a
single pair of seedlings of the same age in cach pot. The self-
fortilised: seedlings, when only a few inches in height, were in
most of the pots faller than their opponents; and they flowered
50 much earlier in all the pots, that the height of the flower-
stems could be fairly compared only in Pots I and TT.

* Giirtner has shown that cer-  but none of the plants on which
tain plants of Lobelia fulgens are T experimented, whicl were kept
* quile sterile with polién from the in the greenhonse, were iu this
sume plant, though this pollen is  peeuliar condition.
efficient on any other individual;
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] Tapue LXX.
Lobelia fulgens (First Generation).

Height of Flower- | Height of Flower-
NooofBot. | stemacn the Crosed sems om he Sl for-
‘ilised Plants.

Tnches. | Tnches.
1 ‘ 33 ‘ 50
384 ‘
1 43
Not in full flower.
Iv. 12 35§
Not in full flower.

The mean height of the flower-stems of the two crossed plants
in Pots I. and 1L is here 34-75 inches, and that of the two self-
fertilised plants in the same pots 44°25 inches; oras 100 to 127.
The self-fertilised plants in Pots IIT. and IV. were in cvery.
respect very much finer than the crossed plants.

T was so much surprised at this great Superiority of the self-
fertilised over the crossed plants, that I determined to. try how
they would behave in one of the pots during a second growth.
The two plants, therefore, in Pot L. were cut down, and repotted,.
without being disturbed in a much larger pot. In the following
year the self-fertilised plant showed even a greater superiority
than before; for the two tallest flower-stems produced by the

* one crossed plant were only 20% and 301 inches in height,
whereas the two tallest stems on the one self-fertilised plant
were 49¢ and 499 inches; and this gives a ratio of 100 fo 167.
Considering all the evidence, there can be no doubt that thess
sel-fertilised plants had a great superiority over the crossed
plants.

Cr

d and self-fertilised Plants of the Second Generdtion—T
determined on this occasion to avoid the error of using pollen of
not quite equal maturity for crossing and self-fertilisation; so
that T squeezed pollen out of the conjoined anthers of young
flowers for both operations. Several flowers on the crossed plant
in Pot I. in Table LXX. were again crossed with pollen from a
distinct plant. Several other flowers on the self-fertilised plant
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Tapue LXXL
Labelia fulgens (Second Generation).

Crossa Plants.
No. of Pot. Height of

I

VL 33§
32
261
VIL 273
193
21
VIIL 23}
2 234
254
25§
IX. 193
16§
19
18§
Total in inches. 1014-00 921-63

B lete Aoteor Gharles Damvin<Online.
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in the same pot were again self-fertilised with pollen from the
anthers of other flowers on the sume plant. Therefore the degrea
of self-fertilisation was mot quite so close as in the last genera~
tion, in which pollen from the same flower, kept in paper, Was
used. These two lots of seeds were thinly sown on opposite
sides of nine pots; and the young seedlings were thinned, an
equal number of nearly as possible the same age being left on
the two sides. In the spring of the following year (1870), when
the seedlings had grown fo a considerable size, they were
measured to the tips of their leaves; and the twenty-three
crossed plants ayeraged 1404 inches in height, whilst the twenty-
three self-fertilised scedlings were 1354 inches; or as 100 to 96.
In the summer of the same year several of theso plants
flowered, the crossed and self-fertilised plants flowering almost
i ,and all the flower-stems were measured. These
produced by eleven of the crossed plants averaged 30°71 inches,
and those by mine of the self-fertilised plants 29°43 inches in
height; or as 100 to 96.
The plants in these nine pots, after they had flowered, were
repotted without being disturbed in much larger pots; and in
the following year, 1871, all flowered freely; but they had

_ grown into such.an entangled mass, that the separate plants

on each side could no longer be distingdished. Accordingly
three ‘or four of the tallest flower-stems on each side of each
ot were measured; and the measurements in the preceding
table ave, I think, more trustworthy than the previous ones,,
from being more numerous, and from the plants being well
established and growing vigorously.

The average height of the thirty-four tallest flower-stems on
the twenty-three crossed plants is 29°82 inches, and that of the
same number of flower-stems on the same number of self-
fertilised plants is 27-10 inches; or as 100 to 91. So that the
crossed plants now showed a decided advantage over their self-
fertilised opponents. ‘

XXIL.- POLEMONTACEZE.—NEMOPHILA INSIGNIS.
Twelve flowers were erossed with pollen from a distinct plant,
but produced only six capsules, containing on an average 18:3

sceds. Bighteen flowers were fertilised with their own pollen
and produced ten capsules, containing on an average 127
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soeds; so that the seeds per capsule wero as 100 to 69.* The
evossed seeds weighed a little less than an equal number of self-
fertilised seeds, in the proportion of 100 to 105; but this was
clearly due to some of the self-fertilised capsules containing very
fow seeds, and these were much bulkier than the others, from

having been better nourished. A subsequent comparison of the
number of seeds in a few capsules did not show so great a
superiority on the side of the crossed capsules as in the present
case.

Tho seeds were placed on sand, and after germinating were
planted in pairs on the opposite sides of five pots, which were
kept in the greenhouse. When the seedlings were from 2 to
3 inches in height, most of the crossed had a slight advantage
over the sclf-fertilised. The plants were trained up sticks, and
thus grew to a considerable height. In four out of the five
Pots a crossed plant flowered before any one of the self-fertilised.

Tapre LXXIL
Nemophila insignis ; 0 means that the plant died.

No. of Pot. Crossed Plants. ‘ Self-fertilised Plants.
Inches. Inches,
L 324 213
2 344 | 23§
g 3} ‘ 19
225 | 7
| 178
% | 104
| 27
. | 0
183
204
34’
0
Total in inches, 399-38 199-00

* Soveral species of Polemo-  snys (‘Des Varictds, 1865, p. 66)
niacem are known to be proter-  that varieties growing near one
androus, but I did not atfend fo another spontaneously intercross.
this point in Nemophila. Verlot

9
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The plants were first measured to the tips of their leaves, before
they had flowered and when the crossed were under a foo
in height. The twelve crossed plants averaged 11-1 inches in
Teight, whilst the twelve self-fertilised were less than half of this
height, viz., 545 ; or as 100 to 49. Before the plants had grown
to their full height, two of the self-fertilised died, and asT feared
that this might happen with others, they were again measured
to the tops of their stems, as shown in the preceding table.

The twelve crossed plants now averaged 3328, and the ten self-
fertilised 19+9 inches in height, or as 100 to 60; so that they
differed somexwhat less than hefore:

The plants in Pots ITL and V. were placed under a net in the
greenhouse, two of the crossed plants in the latter pot being
pulled up on account of the death of two of the self-fertilised;
50 that altogether six crossed and six self-fertilised plants were
Ieft to fertilise themselves spontaneously. The pots were rather
small, and the plants did not produce many capsules. The
small size of the self-fertilised plants will largely account for
the fewness of the capsules which they produced. The six crossed
plants bore 103, and the six self-fertilised only 30 capsules ; oras
100 to 29.

The self-fertilised seeds thus obtained from the crossed and
self-fertilised plants, after germinating on sand, were planted”

Tapre LXXIIL
Nemophila insignis.

s Sel-fertilised Plants
3 Selffertilised Plants -
No. of Pot. o Coomoed Blanes | from Sel erlied
Tnches. | Inches.
L 27 274
14
17§
244
111 16 7
Iv. 53 73
b 16
Total in inches. 110-13 147-00
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on the opposite sides of four small pots, and treated as hefore,
But many of the plants were unhealthy, and their heights were so
unequal—some on both sides being five times as tall as the others
— that the averages deduced from the measurements in the pr
ceding table are not in the least trustworthy. Nevertheless T
Tave felf bound to give them, as they are opposed to my general
conclusions.

The seven self-fertilised plants from the crossed plants here
average 15°73, and the seven self-fertilised from the self-fertilised
91 inches in height; or as 100 to 133. Strictly analogous exper:
ments with Viola tricolor and Lathyrus odoratus gave a very
different result.

XXIIT. BORAGINACE A

This plant is frequented by a greater number of bees than
almost any other one which I have observed. Tt is strongly
proterandrous (I, Miller, * Befruchtung, &c., p. 267), and the
flowers can hardly fail to be cross-fertilised; but should this
not oceur, they are capable of sclf-fertilisation to a limited
extent, as some pollen long remains within the anthers, and is
apt fo fall on the mature stigma. In the year 1863 I covered
up a plant, and examined thirty-five flowers, of which only
twelve yielded any seeds; whereas of thirty-five flowers on an
exposed plant growing close by, all with the exception of two
yielded seeds. The covered-up plant, however, produced alto-
gether twenty-five spontaneously self-fertilised seeds; the exposed
plant producing fifty-five seeds, the product, no doubt, of cross-
fortilisation.

In the year 1868 eighteen flowers on a protected plant were
crossed yith pollen from a distinct plant, but only seven of these
produced fruit; and I suspect that T applied polien to many of
the stigmas before they were mature. These fruits contained
on an average 2 seeds, with a maximum in one of three sceds.
Dyventy-four spontancously self-fertilised fruits were produced
by the same plant, and these contained on an average 12 seeds,
with a maximum of o in one fruit. So that the fruits from
the axtificially crossed flowers yielded seeds compared with
from the spontaneously self-fertilised flowers, in the ratio of 100
t0 60. But the self-fertilised sceds, as often occurs when fow
are produced, were heavier than the crossed seeds in the ratio of
100 to 90.

.—BORAGO OFFICINALIS.
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These two lots of seeds were sown on opposite sides of two
large pots; but T succeeded in raising only four pairs of equal
age. When the seedlings on both sides were about 8 inches
in height they were equal. When in full flower they were
measured, as follows - —

TapLe LXXIV.

Borago officinalis.

No. of Pot.. | Crossed Plants. Self-fertilised Plants.
= Inches. Inches.
L ‘ 19 134

Total in inches. 8475

The average height of the four crossed plants is here 20-68, and.
that of the four self-fertilised 21-18 inches; or as 100 to 102.
The self-fertilised plants thus exceeded the crossed in height by
alittle; but this was entirely due to the tallness of one of the
self-fertilised. The erossed plants in hoth pots flowered before
the self-fertilised. Therefore T believe if more plants had been
raised, the result would have been different. I regret that I did
not attend to the fertility of the two lots.

XXIV. NOLANACEZ.

NOLANA PROSTRATA.

Tn some of the flowers the stamens are considerably shorter
than the pistil, in others equal to it in length. I suspected,
therefore, but erroncously as it proved, that this plant was
dimorphic, like Primula, Linum, &c.,and in the year 1862 twelve
plants, covered by a net in the greenhouse, were subjected to
The spontaneously self-fertilised flowers yielded 64 grains
weight of seeds, but the product of fourteen artificially crossed
flowers is here included, which falsely increases the weight of
the self-fertilised seeds. Nine uncovered plants, the flowers of
which were eagerly visited by bees for their pollen and were no
doubt intercrossed by them, produced 79 grains weight of seeds:
therefore twelve plants thus treated would have yiclded 105
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grains,  Thus the seeds produced by the flowers on an equal
number of plants, when crossed by bees, and spontancously self-
fertilised (the product of fourteen artificially crossed flowers
being, however, included in the latter) were in weight as
100 to 61.

In the summer of 1867 the trial was repeated; thirty flowers

were erossed with pollen fron a distinet plant and produced

ity capsules, each ining five seeds. Thirty-two
ﬂowexs were fertilised with their own pollen, and produced only
six capsules, each with five seeds. So that the crossed and self-
fertilised capsules contained the same number of seeds, though
many more capsules were produced by the cross-fertilised than
by the self-fertilised flowers, in the ratio of 100 to 2

An equal number of seeds of both lots were weighed, and the
crossed seeds were to the self-fertilised in weight as 100 to 82.
Therefore a cross increases the number of capsules produced and
the weight of the seeds, buf not the number of seeds in each
capsule.

These two lots of sceds, affer germinating on sand, were
planted on the opposite sides of three pots. The scedlings
when from 6 to 7 inches in height were equal. The plants
were measured when fully grown, but their heights were so
unequal in the several pots, that the result cannot be fully
trusted

Tapte LXXY.
Nolana prostrata.

No.ofPot. |

i |

| 67-00

Total in inches. ‘

The five crossed plants average 12:75, and the five self-
fertilised 134 inches in height; or as 100 to 105.
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CHAPTER VI

SOLANACE®, PRINULACEE, POLYGONEE, BTC.

Petunia violacea, crossed and self-fertilis
generations—Effects of a
of the flowers on the
—Nicotiana tabacum, erossed and
height—Great effects of a cross with & distinet sub-variety on the

ht, but not on the fertility, of the offspring—Cyclamen per-

{ly superior to the self-fertilised—

is—Equal-styled variefy of Primula

veris, fertility of, greatly increased by a cross with a fresh stock—

agopyrum eseulentum—Beta vul garis—Canna warscewiczi, crossed
and self-fertilised plants of equal height—Zea mays—Phalaris
canariensis.

d plants compared for four
stock—Uniform colour

XXV. SOLANACEZ —PETUNIA VIOLACEA.
Dingy purple variety.

Tux flowers of this plant are so seldom visited during the day
Dy insects in this country, that I haye never seen an instances
Dbut my gardener, on whom I can rely, once saw some humble-
bees at work. Mr. Meehan says,* that in the United States
hees bore through the corolla for the nectar, and adds that their
“ fertilisation is carried on by night-moths.”

Tn France M. Naudin, after castrating a large number of flowers
whilst in bud, left them exposed to the visits of insects, and
about a quarter produced capsules;t but I am convinced that
a much larger proportion of flowers in my garden are cross-
fortilised by insects, for protected flowers with their own pollen
placed on the stigma never yiclded nearly a full complement of
seed ; whilst those left uncovered produced fine eapsules, showing
that pollen from other plants must have been brought to them,
probably by motls. Plants growi ing i
pots in the green-house, nover

* <Proc. Acad. Nat. Se. of Phil-  + ‘Annales des Se. Nat? 4th
adelphia,’ Aug. 2ud, 1870, p. 90.  series, Bot. tom. ix. cah. 5.
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this may be attributed, at least in chief part, to the exclusion
of moths.

Six flowers on a plant covered by a net were crossed with
pollen from a distinct plant and produced six capsules, containing
by weight 444 grains of seed. Six other flowers were fertilised
with their own pollen and produced only three capsules, con-
taining only 1'49 grains weight of seed. From this it follows
that an equal number of crossed and self-fextilised capsules would
have contained seeds by weight as 100 to 67. T should not have
thought the proportional contents of so few capsules worth
giving, had not nearly the same result been confirmed by several
subsequent trials.

Seeds of the two lots were placed on sand, and many of the
self-fertilised seeds germinated before the crossed, and were
rejected. Several pairs in an equal state of germination were
planted on the opposite sides of Pots I. and IL; but only the
tallest plant on each side was measured. Seeds were also sown
thickly on the two sides of a large pot (IIL), the seedlings being
afterwards thinned, so that an equal number was left on cach
side; the three tallest on each side being measured. The pots
were kept in the greenhouse, and the plants were trained up
sticks. For some time the young crossed plants had no ad-
vantage in height over the self-fertilised; but their leaves
were larger. When fully grown and in flower the plants were
measured, as follows :—

Tasre LX:
Petunia violacew (First Generation).

No. of Pot. Crossed Flants. | Selffetilised Plants.

[ Tnces. Tnches.
30 2
TR [
Total in inches. ’

The five tallest crossed plants here average 30°8, and the five
tallest self-fertilised 26 inches in height, or as 100 to 8.
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Three capsules were obtained by erossing flowers on the
above crossed plants, and three other capsules by again self-
fortilising flowers on the self-fertilised plants. One of the latter
capsules appeared as fine as any orie of the crossed capsules;
ut the other two contained many imperfect seeds. From these
two lots of sceds the plants of the following generation were
Taised.

Crossed and self-fertilised Plants of th
the last generation, many of the self-
hefore the crossed.

Seeds in an equal state of germination were planted on the
opposite sides of three pots. The crossed seedlings soon greatly
exceeded in height the self-fertilised. Tn Pot 1., when the tallest
cxossed plant was 103 inches high, the tallest self-fextilised was
only 3 inches; in Pot IL the cxcessin height of the crossed was
not quite so great. The plants were treated as in the last gene-
ration, and when fully grown measured as before. In Pot IIL.
both {he crossed plants were killed at an early age by some
animal, so that the self-fertilised had no competitors. Neverthe-
Jess these two self-fertilised plants were measured, and are in-
cluded in the following table. The crossed plants flowered long
before their self-fertilised opponents in Pots I.and IT., and before
those growing separately in Pot T1L.

Second Generation—As in
ilised seeds germinated

Petunia vidlacea (Second Generation).

Crossed Plants. | Self-fertilised Plants,
e Tnche.
I 13
8
1L
1L |

The four crossed plants average 40-5, and the six self-for-
tilised 26°25 inches in height; or as 100 to 65. But this great
inequality is in part accidental, owing to some of the self-
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fertilised plants being very short, and to one of the crossed being
very tall.

Tyvelve flowers on these crossed plants were again crossed, and
eleven capsules were produced ; of these, five were poor and six
go0d; the latter contained by weight 375 grains of seeds.
Tyvelve flowers on the self-fertilised plants were again fertilised
with their own pollen and produced no less than twelve capsules,
and the six finest of these contained Ly weight 257 grains of
sceds. 1t should however be observed that these latter capsules
were produced by the plants in Pot TIL., which were not exposed
to any competition. The seeds in the six fine crossed capsules
to those in the six finest self-fertilised capsules were in weight
25100 to 68. From these sceds the plants of the next generation
were aised.

Crossed and silf-fertilised Plants of the Third Generation—The
above sceds wero placed on sand, and affer germinating were
planted iu pairs on the opposite sides of four pots; and all the
remaining seeds were thickly sown on the two sides of a fifth large
pot. The result was surprising, for the self-fertilised seedlings
very early in lifo beat the crossed, and at one time were nearly
double their height. At first the case appeared like that of
Mimulus, in which after the third generation a tall and highly
self-fertile variety appeared. But as in the two succeeding
generations the crossed plants resumed their former superiority
over the self-fertilised, the case must be looked at asan anomal,
The solo conjecture which I can form is that the crossed scods

TapLe LXXVIIL
Petunia violacea (Third Generation ; plants very young)

No.of Pot. Crossed Plants, | Sel -ertilised Plants,

g il s Inche 5

i 5§

4

1. 51 8

5§ | 63

i 4 53

Iv. 14 53
Total in inches. 1963 3650
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had not been sufficiently ripened, and thus proauced weakly
plants, as oceurred with Theris, When the crossed plants were
between 3 and 4 inches in height, the six finest in four of the
pots were measured to the summits of their stems, and at the
came time the six finest of the selffertilised plants. The
measurements are given in the preceding table (LXXVIIL), and.
it may be here seen that all the self-fertilised plants exceed their
opponents in height, whereas when subsequently measured the
excess of the self-fertilised depended chiefly on the unusual tall-
of two of the plants in Pot II. The crossed plants here
o 3-27, and the self-fertilised 6-08 inches in height; or
as 100 o 186.
When fully grown they were again measured, as follows :—

Tapre LXXIX.
Petunia vidlacen (Third Generation 5 plants fully grown).

No. of Pot. Crossed Pla
e | Tnches
i | 41y
48
36
. |
1.
IV 7 ]
Total in inches. |

The eight erossed plants now averaged 40-96, and the cight
self-fertilised plants 53+ 87 inches in height, or as 100 to 131; and
th s chicfly depended, as already stated, on the unusual
tallness of two of the self-fertilised plants in Pot IT. The self-
fertilised had therefore lost some of their former great superiority
over the crossed plants: Tn three of the pots the self-fertilised
plants flowered first; but in Pot IIL a the same time with
the crossed.

The case is rendered tho more strange, because the crossed
plants in the fifth pot (not included in the two last tables), in
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which all the remaining seeds had been thickly sown, were from
the first finer plants than the self-fortilised, and had larger
leaves. At the period when the two tallest crossed plants in
this pot were 6% and 42 inches high, the two tallest self-fertilised
were only 4 inches. When the two crossed plants were 12 and
10 inches high, the two seli-fertilised were only 8 inches. These
latter plants,as well as many others on the same side of this pot
never grew any higher, whereas seve plants
grew fo the height of two feet! On account of this great
superiority of the crossed plants, the plants on neither side of
this pot have been included in the two last tables.

Thirty flowers on the crossed plants in Pots L and IV. (Table
LXXIX.) were again crossed, and produced seventeen capsules.
Dhirty flowers on the self-fertilised plants in the same two pots
were again seli-fertilised, but produced only seven capsules.
The contents of each capsule of both lots were placed in separate
watch-glasses, and the seeds from the crossed appeared to the
eye to be at least double the number of those from the seli-
fertilised capsulos.

In order to ascertain whether the fertility of the self-fertilised
plants had been lessened by the plants having been self-ferti-
lised for the three previous gencrations, thirty flowers on the
crossed plants were fertilised with their own pollen. These
yielded ouly five capsules, and their seeds being placed in
separate wateh-glasses did not seem move numerous than those
from the capsules on the self-fertilised plants self-fertilised for
the fourth time. So that as far as can be judged from so few
capsules, the self-fertility of the self-fertilised plants had not
decreased in comparison with that of the plants which had
been intercrossed during the three previous generations. It
should, however, be remembered that both lots of plants
had been subjected in each generation to almost exactly similar
conditions.

Seeds from the crossed plants again crossed, and from the self-
fertilised again self-fertilised, produced by the plants in Pot I.
(Table LXXTX.), in which the three self-fertilised plants were
on an average only a little taller than tho crossed, were used in
the following experiment. They were kept separate from two
similar lots of seeds produced by the two plants in Pot IV. in
fhe same table, in which the crossed plant was much taller than
its self-fertilised opponent.

Crossed and self-fertilised Plants of the Fourth Generation
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(raised from the Plants in Pot I., Table LXXTX.)—Crossed and
self-fertilised seeds from plants of the last gencration in Pot I,
in Table LXXIX., were placed on sand, and after germinating,
were planted in pairs on the opposite sides of four pots. The
seedlings when in full flower were measured to the base of the
. The remaining seeds were sown crowded on the two
of Pot V.; and the four tallest plants on each side of this
Dot were measured in the same manner.

Tapre LXXX.
Petuniu violacea, (Fourth Generation ; raised from Plants of the
Third Generation in ot L, Table LXXIX.).

No. of Pot.

jiig

Crowded plants.

Total in 45350

The fiftcen crossed plants average 46:79, and the fourteen
(one having died) self-fertilised plants 8239 inches in height; or
as 100 to 69. So that the crossed plants in this generation had
recovered their wonted superiority over the self-fertilised plants;
though the parents of the latter in Pot T., Table LXXIX., were a
little taller than their crossed opponents.

Crossed gnd  selffertilised Plants of the Fourth Generation
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(raised from the Plants in Pot IV., in Table LX) X.)—' T\\'o
similar lots of seeds, obtained from the plants in ot IV.
e TR, e T ey R e i e
first shorter, but ultimately much mllLr than its self-fertilised
opponent, were treated in every way like their brethren of the
same generation in the Iast experiment. We have in the follow-
ing Table LXXXI the measurements of the present plants.
Although the crossed plants greatly exceeded in height the self-
fertilised ; yet in three out of the five pots a self-fertilised plant
flowered before any one of the crossed ; in a fourth pot simul-
taneously ; and in a fifth (viz, Pot IL) a crossed plant flowered
first.

Tapre LXXXT.
Petunia violacea (Fourth Generation ; raised from Plants of the
Third Generation in Pot IV., Table LXXIX.).

No. of Pot. Crossed Plants. | Self-fertilised Plants.

The thirteen crossed plants here average 44°74, and the
thirteen self-fertilised plants 26°87 inches in height; or as 100
to 60. The crossed parents of these plants were much faller,
relatively to the self-fertilised parents, than in the last case; and
apparently they transmitted some of this superiority to their
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crossed offspring, It is unfortunate that I did not turn these
plants out of doors, 0 as to observe their relative fertility, for 1
compared the pollen from some of the crossed and self-fertilised
plants in Pot I, Table LXXXI, and there was a marked dif-
ference in ifs state; that of the crossed plants contained hardly
any bad and empty grains, whilst such abounded in the pollen
of the self-fertilised plants.

The Effects of @ Cross with a fresh Stock.—T procured from a
garden in Westerham, whence my plants originally came, a
h plant differing in no respect from mine except in the
colour of the flowers, which was a fine purple. But this plant
must have heen exposed during at least four generations to very

ferent conditions from those to which my plants had been
these had been grown in pots in the green-
Bight flowers on the seli-fertilised plants in Table
I, of the last or fourth self-fertilised generation, were
extilised with pollen from this fresh stock; all eight produced
capsnles containing together by weight 501 grains of seeds.
The plants raised from these seeds may be called the Westerham=
crossed.

Tight flowers on the erossed plants of the last or fourth genera-
tion in Table LXXXT. were again crossed with pollen from one
of the other crossed plants, and produced five capsules, contain-
ing by weight 2-07 grains of seeds. The plants raised from
these seeds may be called the infererossed ; and these form the:
fifth intercrossed generation.

Fight flowers on the self-fertilised plants of the same genera-
tion in Table LXXXI. were again self-fertilised, and produced
seven capsules, containing by weight 2-1 grains of seeds. The
rtilised plants Taised from these seeds form the fifth self-
rtilised generation. These latter plants and the infercrossed
are comparablo in all vespects with the crossed and self-fertilised
plants of the four previous generations.

From the foregoing data it is easy to calculate that,

Gr. Weight

of Seed.

Ten Westerham-crossed capsules would have contained  6-26
Ten intercrossed capsules would have contained . . 414
Ten self-fertilised capsules would have contained . 3:00

We thus get the following ratios:—
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Seeds from the Westerham-crossed capsules to
those from the capsules of the fifth self-fer-
tilised generation, in weight, . . s 100 to 48
Seeds from the Westerham-crossed capsules to
those from the capsules of the fifth intercrossed:

generation, . s 100 to 66
Seeds from fhe intercrossed to those from the
self fertilised capsules, . . . . as100to72

So that a cross with pollen from a fresh stock greatly increased
the productiveness of the flowers on plants which had been self-
fertilised for the four previous geverations, in comparison not
only with the flowers on the same plants self-fortilised for the fifth
time, but with the flowers on the crossed plants crossed with
pollen from another plant of the same old stock for the fifth
time,

These three lots of sceds were placed on sand, and were
planted in an equal state of germination in seven pots, each made
tripartite by three superficial purtitions. Some of the remaining
seeds, whether or not in a state of germination, were thickly
sown in an eighth pot. The pots were kept in the greenhouse,
and the plants trained up sticks. They were first measured to
the tops of their stems when coming info flower ; and the twenty-
two Westerham-crossed plants then averaged 25-51 inches; the
tiwenty-three intercrossed plants 30°38; and the twenty-three
self-fertilised plants 2340 inches in height. We thus get the
following ratios:—

The Westerham-crossed plants in height to the
self-fertilised . as 100 to 91
The Westerham- clmz\cil phmts in hm"ht to the

intererossed 5 . a5 100 to 119
The intercrossed meh in lmmht (0 Lhe self-
fertilised . 4 & 3 § s . as 100 to 77

These plants were again measured when their growth appeared
on a casual inspection to be complete. But in this T was mis-
taken, for after cutting them down, I found that the summits
of the stems of the Westerham-crossed plants were still growing
vigorously; whilst the intercrossed had almost, and the self-
fortilised had quite completed their growth. Therefore I do
not doubt, if the three lots had been left to grow for another
month, that the tatios would have been somewhat different
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from those deduced from the measurements in the following

table :—
Tapre LXXXIL

Petunia violacea.

|
N Westerbam el ercnosed Pl
(Plants of one. ma Self-fertilised Plants|
for
‘© Generations).

No. of Pot.

Inches,

T pers
1L
1L

Iv. 373

333

508

25

V. 418

26§

0

The twenty-one Westerham-crossed plants now averaged 5005
inches; tho fwenty-tvo iutercrossed plants, 5411 inches; and
inches in height. We

fhus gob the following rat

© The Complete Work of Charles Darwin Online




Cuae. VI OROSS WITH A FRESH STOCK. 199

The Westerham-crossed plants in height to the
self-fertilised . & . - . as 100 to 66
The Westerham-crossed plants in height to the

intererossed . a5 100 to 108
The intercrossed p]a.uts in hu"llt to the self-
fertilised . . . . 5 . as 100 to 61

We here see that the Westerham-crossed (the offspring of
plants seli-fertilised for four generations and then crossed with a
fresh stock) have gained greatly in height, since they were first
measured, relatively to the plants selt-fertilised for five genera~
tions. They were then as 100 to 91, and now as 100 to 66 in
height. The intercrossed plants (i.e., those which had been in-
tercrossed for the last five generations) likewise exceed in
Teight the self-fertilised plants, as occurred in all the previous
generations with the exception of the abnormal plants of the
third generation. On the other hand, the Westerham-crossed
plants are exceeded in height by the intercrossed ; and this is a
surprising fact, judging from most of the other strictly analogous
cases. But as the Westerham-crossed plants were still growing
vigorously, while the intercrossed had almost ceased to grow,
there can hardly be a doubt that if left to grow for another
month they would have beaten the intercrossed in height. That
they were gaining on them is clear, as when measured before they
were as 100 to 119, and now as only 100 to 108 in height. The
Westerham-crossed plants had also leaves of a darker green, and
Jooked altogether more vigorous than the intercrossed ; and what
is much more important, they produced, as we shall presently
see, much heavier seed-capsules. So that in fact the offspring
from the self-fertilised plants of the fourth generation crossed by
a fresh stock were superior to the intercrossed, as well as to the
sel-fertilised plants of the fifth generation—of which latter fact
there could not e the least doubt.

These three lots of plants were cut down close to the ground
and weighed. The twenty-one Westerham-crossed plants weighed
32.0unces ; the bwenty-two intercrossed plants, 34 ounces, and the
twenty-one self-fextilised plants 74 ounces. The following ratios
are caleulated for an equal number of plants of each kind. But
as the self-fertilised plants were just beginning to wither, their
relative weight is here slightly too small; and as the Westerham-
crossed were still growing vigorously, their relative weight
with time allowed would no doubt have greatly increased.
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The Westerham-crossed plants in weight to

the self-fertilised . . as100 to 22
The Westerham-crossed plants in Wc)ght to

the intercrossed . . as 100 to 101
The intercrossed plants in we u«vL\t to t].\e self-

fertilised 8 s 5 e . . as100 to 22°3

We hero see, judzing by weight instead of as before by height,
that the W ssed and the d have an
immense advantage over the self-fertilised. The Westerham-
crossed are inferior to the intercrossed by a mere trifle; but it is
almost certain that if they had been allowed to go on growing for
another month, the former would have completely beaten the
latter

had an abundance of seeds of the same three lots, from
which the foregoing plants had been raised, these were sown in
three long parallel and adjoining rows in the open ground, so as to
ascertain whether under these circumstances the results would be
nearly the same as before. Late in the autumn (Nov. 13) the ten
tallest plants were carefully selected out of each row, and their
heights measured, with the following result:i—

TapLe LXXXIIL

Petunia violacea (plants growing in the open ground).

Westerham-crossed |
Plants (from S

Intercrossed Plants
it of one and | S Ll Tlota

ne Stock inter- ertilised for
Five Generasions).

fortilised Plants of the (°
Fourth Generation
a fresh
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Tho ten Westerham-crossed plants here average 3667 inches
in height ; the ten intererossed plants, 33-27 inches ; and the ten
self-fertilised, 2331 inches. These three lots of plants were also
weighed ; the Westerham-crossed plants weighed 28 ounces; the
intercrossed, 41 ounces; and the self-fertilised, 1475 ounces.
We thus get the following rati

The Westerham-crossed plants in height to the
self-fertilised . as 100 to 63
The Westerham-crossed plants in weight to the
d as100 to 53

ham-ctossed plants in height to the

rorossed . as 100 to 104
The Westerham-cr oxscd 1)1Ant< inw LWM to ﬂ

intererossed . as 100 to 146
The intercrossed plants in height to the séll-

fertilised . as 100 to 61
The intercrossed lllmuts in WCI"ht to HIL SCH-

fortilised . T s e

Here the relative heights of the three lots are nearly the same *
(within three or four per cent.) as with the plants in the pots.
Tu weight there is a much greater difference: the Westerham-
crossed exceed the self-fertilised by much less than they did
bofore; but the seli-fertilised plants in the pots had become
slightly withered, as before stated, and wero in consequence
unfuirly light. The Westerham-crossed plants are here inferior
in weight to the intercrossed plants in a much higher degree
than in the pots; and this appeared duo to their being much
less branched, owing to their having germinated in greater
numbers and consequently being much crowded. Their leaves
were of a brighter green than those of the intercrossed and
self-fortilised plants.

Relative Fertility of the Three Lots of Plants—None of the plants
in pots in the greenhouse ever produced a capsule; and this may
be attributed in chief part to the exclusion of moths, There-
foro the fertility of the three lots could b judged of only by that
of the plants growing out of doors, which from being left
uncovered were probably cross-fertilised. The plants in the
three Tows were exactly of the same age and had been subjected
to closely similar conditions, so that any difference in their fer-
tility must be attributed to their different origin; namely, to tho
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one lot being derived from plants seltfertilised for four genera-
tions and then crossed with a fresh stock; to the second lot being
derived from plants of the same old stock intercrossed for five
generations; and to the third lot heing derived from plants self-
fertilised for five generations. All the capsules, some nearly
mature and some only half-grown, were gathered, counted, and
weighed from the ten finest plants in each of the three rows, of
which the measurements and weights have already been given.
The intercrossed plants, as we have seen, were taller and con-
siderably heavier than the plants of the other two lots, and they
produced a greater number of capsules than did even the
Westerham-crossed plants; and this may be attributed to the
latter having grown more crowded and being in consequence less
Dbranched. Therefore the average weight of an equal number of
capsules from each lot of plants seems to be the fairest standard .
of comparison, as their weights will have been determined chiefly
by the mumber of the included seeds. As the intercrossed plants
were taller and heavick than the plants of the other two lots, it
wmight liave been expected that they would have producedthe finest
or heaviest capsules; but this was very far from being the case.

The ten tallest Westerham-crossed plants produced 111 ripe
and unripe capsules, weighing 1212 grains. Therefore 100 of
such capsules would have weighed 10918 grains.

The ten tallest intererossed plants produced 129 capsules,
ing 7645 grains, Therefore 100 of these capsules would
have weighed 59-26 grains.

The ten tallest self fertilised plants produced only 44 capsules,
\eighing 2285 grains. Therefore 100 of these capsules would
have weighed 50°79 grains.

Trom these data we get the following ratios for the fertility of
fhe three lots, as deduced from the relative weights of an equal
number of capsules from the finest plants in each lot:—

Westerham-crossed plants to self-fertilised
e R e

Westerham-crossed plants to intererossed plants as 100 to 54

Tntercrossed plants to selt-fertilised plants . as 100 to 86

‘We here see how potent the influence of a cross with pollen
from a fresh stock has been on the fertility of plants self-fertilised
for four generations, in comparison with plants of the old stock
when either intercrossed or self-fertilised for five generations; the
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flowers on all these plants having been left to be freely crossed
Dy insects or to fertilise thewselves. The Westerham-crossed
plants were also much faller and heavier plants than the self-
fertilised, both in the pots and open ground ; but they were less
fall and heavy than the intercrossed plants.  This Jatter result,
however, would almost certainly have been reversed, if the
plants had been allowed to grow for another month, as the
Westerham-crossed were still growing vigorously, whilst the
intererossed had almost ceased o grow. This case reminds us of
the 1 one of Eschscholtzia, in which plants
raised from a cross with a fresh stock did not grow higher than
the self-fertilised or intercrossed plants, but produced a greater
number of seed-capsules, which contained a far larger average
number of seeds.

. Colour of the Flowers on the above Three Lots of Plants.—The
original mother-plant, from which the five successive self-fextilised
generations were Taised, bore dingy purple flowers. At no time
was any selection practised, and the plants were subjected in
cach generation to extremely uniform conditions. The result
was, as in some previous cases, that the flowers on all the self-
fertilised plants, both in the pots and open ground, were
absolutely uniform in tint; this being a dull, rather peculiar
flesh colour. This uniformity was very striking in the long row
of plants growing in the open ground, and these first attracted
my aftention. T did not notice in which generation the original
colour hegan to change and to become uniform, but I have every
reason to believe that the change was gradual. The flowers on
the intercrossed plants were mostly of the same tint, but not
nearly so uniform as those on the self-fertilised plants, and many of
them were pale, approaching almost to white. The flowers on the
plants from the cross with the purple-flowered Westerham stock
were, as might have been expected, much more purple and not;
nearly go uniform in tint. The selifertilised plants were also
remarkably uniform in height, as judged by the eye; the inter-
crossed less so, whilst the Westerham-crossed plants varied much
in height.

NICOTIANA TABACUI.

This plant offers a curious case. Out of six trials with crossed
and self-fertilised plants, belonging to three successive genera-
tions, in one alone did the crossed show any marked superiority
in height over the self-fertilised; in four of the trials they were
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approximately equal; and in one (ic., in the first generation)
the self-fertilised plants were greatly superior to the crossed.
In no case did the capsules from flowers fertilised with pollen
from a distinet plant yield many more, and sometimes they yielded
much fewer sceds than the capsules from self-fertilised flowers.
But when the flowers of one variety were erossed with pollen:
from a slightly different variety, which had grown under
somewhat different conditions,—that is, by a fresh stock,—the
ceedlings derived from this cross exceeded in height and weight
those from the self-fertilised flowers in an estraordinary degree.

Twelve flowers on some plants of the common tobacco, raised
from purchased seeds, were crossed with pollen from a distinet
plant of the same lot, and these produced ten capsules. Twelye:
flowers on the same plants were fertilised with their own pollen,
and produced eleven capsules. The seeds in the ten crossed
capsules weighed 317 grains, whilst those in ten of the self-
fortilised capsules weighed 47-67 grains; or as 100 to 150, The
much greater productiveness of the self-fertilised than of the
crossed capsules can hardly be attributed to chance, as all the
capsules of both lots were very fine and healthy ones.

The seeds were placed on sand, and several pairs in an equal
state of germination were planted on the opposite sides of three
pots. The remaining seeds were thickly sown on the two sides
of Pot IV., so that the plants in this pot were much erowded.
The tallest plant on each side of each pot was measured. Whilst:
the plants were quite young the four tallest crossed plants
averaged 7-87 inches, and the four tallest self-fertilised 14-87
inches in height; or as 100 to 189. The heights at this age are
given in the two left columns of the following table.

When in full flower the tallest plants on each side were again
measured (see the two right-hand columns), with the following
result. But I should state that the pots were not large enough,
and the plants never grew to their proper height. The four
fallest crossed plants now averaged 185, and the four tallest
self-fertilised plants 3275 inches in height; or as 100 to 178.
Tu all four pots a self-fertilised plant flowered before any one of
the crossed.

Tn Pot IV., in which the plants were extremely crowded, the
two lots were at first equal; and ultimately the tallest crossed
plant exceeded by a trifle the tallest self-fertilised plant. This
recalled to my mind an analogous case in the one generation of
Petunia, in which the self-fertilised plants were throughout
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Tapre LXXXIV.

Nicotiana tabacum (First Generation).

May 20, 18t
Crossed
Plants.

December 6, 1865,

ot ot Selffertilised
Plunts

Tnches.

. S

Crowded.

Total in 315 59:5 || 74-0 | 181:0
inches. I

their growth taller than the crossed in all the pots except
in the crowded one. Accordingly another trial was made, and
some of the same crossed and self-fertilised seeds of tobacco
Were sown thickly on opposite sides of two additional pots; the
plants heing left to grow up much crowded. When they were
Detween 13 and 14 inches in height there was no difference
Detween the two sides, nor was there any marked difference
when the plants had grown as tall as they could; for in one pot:
the tallest crossed plant was 264 inches in height, and exceeded
Dy 2 inches the tallest self-fertilised plant, whilst in the other
pot, the tallest crossed plant was shorter by 3} inches than the
fallest self-fertilised plant, which was 22 inches in height.

As the plants did not grow to their proper height in the above
small pots in Table LXXXIV., four crossed and four self-fertilised
plants were raised from the same seed, and were planted in pairs
on the opposite sides of four very large pots containing rich soil ;
5o that they were not exposed to at all severe mutual competition.
When these plants were in flower I neglected to measure them,
Dub record in my notes that all four sclf-fertilised plants ex-
ceeded in height the four crossed plants by 2 or 3 inches. We
lave seen that the flowers on the original or parent-plants which
wwere erossed with pollen from a distinct plant yielded nuch fewer
sceds than those fertilised with their own pollen; and the trial
just given, as well as that in Table LXXXIV., show us clearly
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that the plants raisedl from the crossed seeds were inferior in
height to those from the self-fertilised seeds ; but only when not
greatly crowded. When crowded and hus subjected to very severa
competition, the crossed and self-fertilised plants were nearly
equal in height.

Crossed and self-fertilised Plants of the Second Generation.—
Twelve flowers on the crossed plants of the last generation
growing in the four large pots just mentioned, were crossed with
Pollen from a crossed plant growing in one of tho other pots;
and twelve flowers on the self-fertilised plants were fertilised
with their own pollen. All these flowers of both lots pro-
duced fine capsules. Ten of the crossed capsules contained by
wWeight 3892 grains of seeds, and ten of the selffertilised
capsules 3774 grains ; or as 100 to 97. Some of these seeds in
an equal state of germination were planted in pairs on the
opposite sides of five large pots. A good many of the erossed
sceds germinated before the self-fertilised, and were of course
rejeoted. The plants thus rised were measured when several
of them were in full flower.

Tapre LXXXYV.
Nicotiana tabacum (Second Generation).

ofPot. | Crosced Plants.

Self-fertilised Plants.
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The thirteen crossed plants here average 39-35, and the
thivteen self-fertilised plants 31-82 inches in height; or as 100
to 81. But it would be a very much fairer plan to exclude all
the starved plants of only 10 inches and under in height; and
in this case the nine remaining crossed plants average 5384,
and the seven remaining self-fertilised plants 5178 inches in
height, or as 100 to 96; and this difference is so small that the
crossed and self-fertilised plants may be considered as of equal
heights.
Tn addition to these plants, three crossed plants were planted
separately in three large pots, and" three self-fertilised plants in
thee other large pots, so that they were not exposed to any
competition; and now the self-fertilised plants exceeded the
erossed in height by a little, for the three crossed averaged 55°91,
and the three self-fertilised 59-16 inches; or as 100 to 106.
Crossed and self- ised Plants of the Third Generation.—As T
wished to ascertain, firstly, whether those self-fertilised plants of
the last generation, which greatly exceeded in height their crossed
opponents, would transmit the same tendency to their offspring,
and secondly, whether they possessed the same sexual constitu-
tion, T selected for experiment the two self-fortilised plants
marked A and B in Pot IIL. in Table LXXXV., as these two

Tapie LXXXVL
Nicotiana tabacum (Third Generation).
Seedlings from the Self-fertilised Plant A in Pot I1L,
Table LXXXV., of the lust or Second Generation.

From Self-fertilis:
No.ofPot. | Plant, crossed by a
Crossed Plant.
g Inches. & o
L 1002
91
I 1103 591
1004 665
IIL. 104 79§
1v. 842 |
763 [

Total in inches. 666°75 l
10
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were of nearly equal height, and were greatly superior to their
exossed opponents. Four flowers on each plant were fertilised -
with their own pollen, and four others on the same plants were
crossed with pollen from one of the erossed plants growing in
another pot. This plan differs from that before followed, in
which seedlings from crossed plants again crossed, bave beon
compared with seedlings from self-fertilised plants again self-
fortilised. The soeds from the crossed and self-fertilised capsules
of the above two plants were placed in separate watch-glasses and
compared, but were not weighed; and in both cases those from
the crossed capsules seemed to be rather less numerous than-
those from the self-fertilised capsules. These seeds were planted
in the usual manner, and the heights of the crossed and self-
fertilised seedlings, when fitlly grown, are given in the preceding
and following table, LXXXVI. and LXXXVIL

Tho seven crossed plants in the first of these two tables average
9595, and the seven self-fertilised 796 inches in height; or as
100 to 83. Tn half the pots a crossed plant, and in the other
half a self-fertilised plant flowered first.

We now come to the seedlings raised from the other parent-
plant B.

Tapre LXXXVIL
Nicotiana tabacum (Third Generation). *
Seedlings from the Self-fertilised Plant B in Pot ITT.,
Table LXXXV., of the last or Second Generation.

S
:
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The soven crossed plants (for two of them died) here average
70-78 inches, and the nine self-fertilised plants 713 inches in
height; or as 100 to barely 101. In four out of these five pots,
u self-fertilised plant flowered before any one of the crossed
plants. So that, differently from the last case,"the self-fertilised
plants are in some respects slightly superior to the crossed.

If we now consider the crossed and self-fertilised plants of the
three generations, we find an extraordinary diversity in their
relative heights. In the first gencration, the crossed plants were
inferior to the self-fertilised as 100 to 178; and the flowers on
the original parent-plants which were crossed with pollen from a.
distinct plant yielded much fewer seeds than the rtilised
flowers, in the proportion of 100 to 150. But it is a strange fact
that the self-fertilised plants, which were subjected to very severe
competition with the crossed, had on two occasions 1o advan-
tage over them. The inferiority of the crossed plants of this first
generation cannot be attributed to the immaturity of the seeds,
for I carefully examined them; 1or to the seeds being diseased
or in any way injured in some one capsule, for the contents of
the ten crossed capsules were mingled together and a few taken
by chance for sowing. In the second generation the crossed and
self-fertilised planfs were nearly equal in height. In the third
generation, crossed and self-fertilised seeds were obtained from
two plants of the previous generation, and the seedlings raised
from them differed remarkably in constitution ; the crossed in the
ome case exceetled the self-fertilised in height in the ratio of 100
t0 83, and in the other case were almost equal. This difference
Detween the two lots, raised at the same time from two plants
growing in the same pot, and treated in every respect alike, as
well as the extraordinary superiority of the self-fertilised over
the crossed plants in the first generation, considered together,
make me believe that some individuals of the present species
differ to a certain extent from others in their sexual affinities (to
use the term employed by Girtner), like closely allied species of
the same genus. Consequently if two plants which thus differ
ave crossed, the seedlings suffer and are beaten by those from
the self-fertilised flowers, in which the sexual elements are of
the same nature. It is known* that with owr domestic animals

* 1 have given evidence on  mestication, chap. xvii. 20d edit.
this head in m ati vol. ii. p. 146.
L
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certain individuals are sexually incompatible, and will not
produce offspring, although fertile with other individuals. But
Kolreuter has recorded a case* which bears more closely on our
present one, as it shows that in the genus Nicotiana the varieties
diffor in their sexual affinitics. He experimented on five
varieties of the common tobacco, and proved that they were
varicties Dy showing that they were perfectly fertile When re-
ciprocally crossed; but one of these varieties, if used either as
the father or the mother, was more fertile than any of the others
when crossed with a widely distinct species, N. glutinosa. As the
different varieties thus differ in their sexual affinities, there is
nothing surprising in the individuals of the same variety differ-
ing in a like manner to a slight degree. 1

Taking the plants of the three generations altogether, the
crossed show no superiority over the self-fertilised, and I ean
acconnt for this fact only by supposing that with this species,
which is perfectly self-fertile without insect aid, most of the indi=
vidnals are in the same condition, as those of the same variety
of the common pea and of a few other exotic plants, which
have been sel ised for many generations. In such cases &
cross between two individuals does no good ; nor does it in any
case, unless the individuals differ in general constitution, either
from so-called spontaneous variation, or from their progenitors
having been subjected to different conditions. I belicve that
this is the true esplanation in the present instance, because, as
we shall immediately see, the offspring of plants, which did no
profit at all by being crossed with a plant of the same stock,
profited to anextraordinary degree by a cross with a slightly
different sub-variety.
he Effects of a Cross with a fresh Stock—I procured some seed
of . tabucum from Kew and raised some plants, which formed
a slightly different sub-variety from my former plants; as the
flowers were a shade pinker, the leaves a little more pointed, and.
the plants not quite so tall.  Therefore the advantage in height;
which the seedlings gained by this cross cannot be attributed to
direct inheritance. Two of the plants of the third self-fertilised
generation, growing in Pots IL and V. in Table LXXXVIL,
which exceeded in height their crossed opponents (as did their
parents in a still higher degree) were fertilised with pollen
from the Kew plants, that is, by a fresh stock. The scedlings

* ¢ Das Geschlechf der Pllanzen, Zweite Fortsetzung,’ 1764, p. 55-60.
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thus raised may be called the Kew-crossed. Some other flowers
on the same two plants were fertilised with. their own pollen,
and the seedlings thus raised form the fowrth self-fertilised
generation. The crossed capsules produced by the plant in
Pot II., Table LXXXVIL, were plainly less fine than the self-"
fextilised capsules on the same plant.  In Pot V. the one fines
capsule was also a seli-fertilised one; but the seeds produced
by the two crossed capsules together exceeded in number those
produced by the two self-fertilised capsules on the same plant.
Therefore as far as the flowers on the parent-plants are con-
cerned, a cross with pollen from a fresh stock did little or no
good; and I did not expect that the oﬁ'spuug would have re-
ceived any benefit, but in this I was completely mistaken.

Dhe crossed and self-fertilised sceds from the two plants were
placed on bare sand, and very many of the crossed seeds of both
sets germinated before the self-fertilised seeds, and protruded
their radicles at a quicker rate. Hence many of the crossed
seeds had to be rejected, before pairs in an equal state of germina-
tion were obtained for planting on the opposite sides of sixfeen
Jarge pots. The two series of seedlings raised from the parent-
plants in the two Pots IL and. V. were kept separate, and when
fully grown were measured to the tips of their highest leaves, as
shown in the following double table. ‘But as there was no uniform
difference in height between the crossed and self-fertilised seed-
lings raised from the two plants, their heights have been added
together in calculating the averages. 1 should state that by the
accidental fall of a large bush in the greenhouse, several plants
in both the series were much injured. These were at once
measured together with their opponents and afterwards thrown
away. The others were left to grow to their full height, and
were measured when in flower. This accident accounts for the
sfall height of some of the pairs; but as all the pairs, whether
only partly or fully grown, were measured at the same time, the
measurements are fair.

The average height of the twenty-six crossed plants in the si
feen pots of the two series is 63°29, and that of the twenty-
six self-fertilised plants is 41°67 inches; or as 100 to 66. The
superiority of the crossed plants was shown in another way,
for in every one of the sixteen pots a crossed plant flowered
before a self-fertilised one, with the exception of Pot VI. of the
second series, in which the plants on the two sides flowered
simultaneously.
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TapLe LXXXVIIT.
Nicotiana tabacum.

Plants raised from two Plants of the Third Self-fertilised
Generation in Pots II. and V., in Table LXXXVII.

From Pot IL, Table LXXXVIL | From Pot V., Table LXXXVIL
I Plants of the
No. of Pot. ‘1 Noxof Pat, | Eeeromsed| Fourthu S
eration.
T Toch. | duches
i 81y 68y | L g 56
el ! ‘ 73 53
T | ‘ 1 554 278
43 it 7
1L 713 ‘ 111 763 603
774
IV.. | 493 1v. 904 11§
|15 223 44
v 89 V.o | o4 284
17 1
e VI 788
VT VIL ‘ 84 61§
(e | 3
VIS [ EREs IILA 783
| | b
Total in)| S e IS o et oy NP 3
..,.»»,p.\} 902:63 | 636713 || T 74313 | 447:38

Some of the remaining seeds of both series, whether or not in
a state of germination, were thickly sown on the opposite sides’
of two very large pots; and the six highest plants on each side
of ench pot were measured after they had grown to nearly their
full height. But their heights were much less than in the
former trials, owing to their extremely crowded condition. Even
whilst quite young, the crossed seedlings manigestly had much:
broader and finer leaves than the self-fertilised scedlings.
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Tapue LXXXIX.

Nicotiana tabacum,

Plants of tlié same parentage as those in Tuble LX.
but grown extremely crowded in two large pots.

From Pot I, Tuble LXXXVIL | From Pot V., Table LYXX
| e I s wien e ¥
= o rmsorae | o [

Kew-crossed Kew-crossed
i Fouh sele o || K Fo 5
[ Iuches, Tnches,
424 204
34 19¢
304 143 I
233 16
Sy 134
18§ 16
I Wi s s
17563 101-50 “

Tho twelve tallest crossed plants in the two pots belonging to
the two sevies average here 3153, and the twelve tallest self-ferti-
Jised plants 17-21 inches in height; or as 100 to 54. The plants
on both sides, when fully grown, some time after they had been
measured, were cut down close to the ground and weighed.
The twelve crossed plants weighed 21°25 ounces; and the
twelve self-fertilised plants only 7-83 ounces; or in weight as
100 to 37.

The rest of the crossed and self-fertilised seeds from {he two
parent-plants (the same as in the last experiment) was sown on
the Ist of July in four long parallel and separate rows in good soil
in the open ground ; 5o that the seedlings were not subjected to
any mutual The summer was wet and
for their growth. Whilst the seedlings were very small the two
crossed rows had a clear advantage over the two self-fertilised
yows. When fully grown the twenty tallest crossed plants and
the twenty tallest self-fertilised plants were selected and mea-
gured on the 11th of November to the extremities of their leaves,
as shown in the following table (XC)). Of the twenty crossed
plants, twelve had flowered ; whilst of the twenty self-fertilised
plants ono alone had flowered.

© The Complete Work of Charles Darwin Online



214 NICOTIANA TABACUM. Cuar. VI.

TapLe XC.
Nicotiana tabacum.

Plants raised from the same seeds as in the lust two experimens,
but sown separately in the open ground, so as not to compete

together.
From Pot IT,, Table LXXXVIL l From Pot V., Table LXXXVIL
comcromed | _ Plants of the BT
Kex U roninale fort e e
| lkea Generation.
Inches.
o4
513
J.v

The twenty tallest crossed plants here average 4874, and the
twenty tallest self-fertilised 35-2 inches in height; or as 100 to
These plants after being measured were cut down close to
the ground, and the twenty crossed plants weighed 19575
ounces, and the twenty self-fertilised plants 123-25 ounces; or
as 100 to 63.

n the three preceding fables, LXXXVIIL, TXXXIX, and
we have the measurements of fifty-six plants derived from
two plants of the third self-fertilised generation crossed with
pollen from a fresh stock, and of fifty-six plants of the fourth self-
n derived from the same two plants. These
ssed and. self-fertilised plants were treated in three different
, having been put, firstly, into moderately close competition
with one another in pots; secondly, having been subjected to
unfavourable conditions and to very severe competition from
being greatly crowded in two large pots; and thirdly, having
heing sown separately in open and good ground, so as not to
suffer from any mutual competition. In all theso cases the
crossed plants in each lot were greatly superior to the self-
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fertilised. This was shown in several ways,—by the emlier
germination of the crossed seeds, by the more rapid growth of
the seedlings whilst quite young, by the ealier flowering of the
mature plants, as well as by the greater height which they
ulfimately attained. The superiority of the crossed plants was
shown still more plainly when the two lots wero weighed ; the
weight of the crossed plants to that of the self-fertilised in the
two crowded pots being as 100 to 37. Better evidenco could
bardly be desired of the immenso advantage derived from a
cross with afresh stock.

XXVI. PRIMULACE]

Ten flowers crossed with pollen from plants known to be
distinct seedlings, yielded nine capsules, containing on an
average 34°2 seeds, with a maximum of seventy-seven in one.
Ten flowers self-fertilised yielded eight capsules, containing on
an average only 131 seeds, with a maximum of twenty-five in one.
This gives a ratio of 100 to 38 for the average number of seeds
per capsule for the crossed and self-fertilised flowers. The
flowers hang downwards, and as the stigmas stand close beneath
the anthers, it might have been expected that pollen would
have fallen on them, and that they would have been spontaneously
self-fertiliced ; but these covered-up plants did not produce a
single capsule. On some other occasions tncovered plants in
the same greenhouse produced plenty of capsules, and I suppose
that the flowers had been visited by bees, which could hardly
fail to carry pollen from plant to plant.

The seeds obtained in the manner just described were placed
on sand, and after germinating were planted in pairs,—three
crossed and three sclf-fertilised plants on . the opposite sides of
four pots, When the leaves were 2 or 3 inches in length,
including the foot-stalks, the seedlings on both sides were
equal. In the conrse of a month or two the crossed plants beg
to show a slight superiority over the self-fertilised, which
steadily increased ; and the crossed flowered in all four pots some
weels before, and much more profusely than the self-fertilised.
The two tallest flower-stems on the crossed plants in each pot
wére now measured, and the average height of the eight stems

CYCLAMEN PERSICUM.*

* Oyelamen, epandum, secord- p. 150),is proterandrous, and this
ing to Lecog (¢ Geéograpliic Bot ieve to be tho caso with O
ique de PEurope,’ tom. viii. 185! /mrwl(-um,
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was 949 inches. After a considerable interval of time the
self-fertilised plants flowered, and several of their flower-stems
(but T forgot to record how many) were roughly measured, and
their average height was a little under 7-5 inches; so that the
flower-stems on the crossed plants to those on the self-fertilised
were at least as 100 to 79. The reason why I did not make
more careful measurements of the self-fertilised plants was, that
they looked such poor specimens that T determined to have them
re-potted in larger pots and in the following year to measure
them carefully ; but we shall see that this was partly frustrated
Dy so few flower-stems being then produced.

These plants were left uncovered in the greenhouse; and the
twelve crossed plants produced forty capsules, whilst the
twelve self-fertilised plants produced e; or as 100 to 12.
But this difference does not e a just idea of the relative
fertility of the two lots. T counted the seeds in one of the finest
capsules on the crossed plants, and it contained seventy-three;
whilst the finest of the five capsules produced by the self-
fortilised plants contained only thirty-five good seeds. In the
other four capsules most of the secds were barely half as large
as those in the crossed capsules.

Tasre XCI
Cyelamen persicum : O implies that no flower-stem was produced.
No. of Pot. cd Dlunts. | Selffertilised Plants.
T Inches. Tnches
L 10 0
0
[
1 93 |
10 0
103
11 9} 8
9% 6%
9% 63
et = Sl S il
v 11} ! 0 4
103 | 7%
104 0
Total in inches. 119-88 ‘

© The Complete Work of Charles Darwin Online



Cuar. VI _ANAGALmé COLLINA. 217

Tn the following year the crossed plants again bore many
flowers before the sclf-fertilised bore a single one. The three
tallest flower-stems on the crossed plants in each of the pots
were measured, as shown in Table XCL. In Pots I and IL. the
seli-fertilised plants did not produce a single flower-stem; in
Pot IV. only one; and in Pot IIL. six, of which the three tallest
were measured.

The average height of the twelve flower-stems on the crossed
plants is 9-99, and that of the four flower-stems on the selt-
fortilised plants 7-37 inches ; or as 100 to 74, The self-fextilised
plants were miserable specimens, whilst the crossed ones looked
very vigorous.

ANAGALLIS.

Anagallis eollina, var. grandiflora (pale red and blue-flowered
sub-varietics).

Firstly, twenty-five flowers on some plants of the red variety
were crossed with pollen from a distinct plant of the same
variety, and produced ten capsules; thirty-one flowers were
fertilised with their own pollen, and produced eighteen capsules.
These plants, which were grown in pots in the greenhouse, were
evidently in a very sterile condition, and the seeds in both
sefs of capsules, especially in the self-fertilised, although
numerous, were of so poor a quality that it was very difficult
to determine which were good and which bad. But as far as T
could judge, the crossed capsules contained on an average 63
wood seeds, with & maximum in one of thirteen; whilst the
self-fertilised confained 605 such- seeds, with a maximum in
one of fourteen.

Secondly, eleven flowers on the red variety were castrated
whilst young and fertilised with pollen from the blue variety,
and this cxoss evidently much increased their fertility; for the
eleven flowers yielded seven capsules, which contained on an
average twice as many good seeds as before, viz., 12-7; with a
masinum in two of the capsules of seventeen seeds. Thercfore
these crossed capsules yielded seeds compared with those in the
foregoing self-fextilised capsules, as 100 to48. These seeds were
also conspicuously larger than those from tho cross between two
individnals of the same red varicty, and germinited much more
frecly. The flowers on most of the plants produced by the cross
between the two-coloured varieties (of which several were aised),
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took after their mother, and were red-coloured. But on two:of
the plants the flowers were plainly stained with blue, and to
such a degree in one case as to be almost intermediate in tint.

The crossed seeds of the two foregoing kinds and the self-
fortilised were sown on the opposite sides of two large pots, and
the seedlings were measured when fully grown, as shown in the
two following tables :—

TapLe XCIIL

Anagallis collina.

Red Varicty erossed by a distinct Plant of the Red Variety,
and Red Variety Self-fertili

No.ofPot. | C fortilised Plants.

Total in inch

Red Varicty crossed by Blue Variety, and Red Varicty
Self-fertilised.

| Crossed Plants

Tnches.

Total of both Lots.|

144°63

As the plants of the two lots are few in number, they may be
run together for the general average; but T may first state tha
the height of the scedlings from the cxoss hefween two individuals
of the red variety is to that of the self-fertilised plants of the red
varioty as 100 to 73 ; whereas the height of the crossed offspring
from the two varieties to the self-fertilised plants of the red:
ety is as 100 to 66. So that the cross between the two
varieties is here seen to be the most advantageous. The average
height of all six crossed plants in the two lots taken together is
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4820, and that of the six self-fertilised plants 33:25; or as 100
to 69.

These six crossed plants produced spontaneously twenty-six
capsules, whilst the six self-fertilised plants produced only two,
or as 100 to 8. There is therefore the same extraordinary
difference in fertility between the crossed and self-fertilised
plants as in the last genus, Cyclamen, which belongs to the same
family of the Primulacese.

ProvurA vemss. Brit. Flora.
(Var. officinalis, Linn). The C

Most of the species in this genus are heterostyled or
dimorphic ; that is, they present two forms,—onelong-styled with
short stamens, and the other short-styled with long stamens.*
For complete fertilisation it is necessary that pollen from the one
form should be applied to the stigma of the other form ; and this
is effected under nature by insects. Such unions, and the seed-
lings raised from them, I have called legitimate. If one form is
fertilised with pollen from the same form, the full complement
of seed is ot produced; and in the case of some heterostyled
genera no sced at all is produced. Such unions, and the seed-
Tings raised from them, I have called illegitimate. These seed-
lings are often dwarfed and more or less sterile, like hybrids.
T possessed some long-styled plants of P. veris, which during four
successive generations had been produced from illegitimate
unions between long-styled plants ; they were, morcover, in some
degree inter-related, and had been subjected all the time to similar
itions in pots in the g se. As long as they were
cultivated in this ‘manner, they grew well and were healthy and
fertile, Their fertility even increased in the later generations,
as if they were becoming habituated to illegitimate fertilisation.
Plants of the first illegitimate generation when taken from the
and planted in moderately good soil out of doors

arew well and were healthy; but when those of the two last
illegitimate generations were thus treated they became exces-

wslip.

* Seo my paper {On the Do ke Naturo of the Offpring from
Forms or Dimorphic Condition in  the Illegit Tnions of Umm).

the Species of Primula,’ in ¢ J
nal of Proc. Linn. Soc. vol. v
77. A second paper, to wh
Epresently refor, O the H) it

hic and lummmm Plants, was
published in vol. x. 1867, p. 893,
of the same journal,
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sively sterile and dwarfed, and remained so during the following
year, by which time they ought to have become accustomed to
growing out of doors, so that they must have possessed a weal
constitution. ¢
Under these circumstances, it seemed advisable to ascertain
what would be the effect of legitimately crossing long-styled
plants of the fourth illegitimate generation with pollen taken from
non-related short-styled plants, growing under different con-
ditions. Accordingly several flowers on plants of the fourth
illegitimate generation (i.c., great-great-grandchildren of plants
which had been legitimately fertilised), growing vigorously in pots
in the greenhouse, were legitimately fertilised with pollen from
an almost wild shor ed cowslip, and these flowers yielded
some fine capsules. Thirty other flowers on the same illegi-
timate plants were fertilised with their own pollen, and these
yielded seventeen capsules, containing on an average thirty-two
seeds. This is a high degree of fertility; higher, I believe, than
that which g obtains with illegitimately fertilised long-
styled plants growing out of doors, and higher than that of the
previous illegitimate generations, although their flowers were

fertifised with pollen taken from a distinet plant of the same
form.

These two lots of seeds were sown (for they will not germinate
well when placed on bare sand) on the opposite sides of four
pots, and the seedlings were thinmed, so that an equal number
were left on the two sides. For some time there was no marked
difference in height between the two lots ; and in Pot IIT., Table
XCIIL, the self-fertilised plants were rather the tallest. But by
the time that they had thrown up young flower-stems, the
legitimately crossed plants appeared much the finest, and had
arcener and larger leaves. The breadth of the largest Ieaf on
cach plant was measured, and those on the crossed plants were
on an average a quarter of an inch (exactly *28 of an inch)
broader than those on the self-fertilised plants. The plants, from
being too much crowded, produced poor and short flower-stems.
The two finest on each side were measured; the eight on the
legitimately crossed plants averaged 408, and the eight on the =™
illegitimately self-fertilised plants averaged 2:93 inches in
height; or as 100 to 72.

These plants after they had flowered were turned out of their
pots, and planted in fairly good soil in the open ground. Tn
the following year (1870), when in full flower, the two tallest
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flgwer-stems on each side were again measured, as shown in the
following table, which likewise gives the number of flower-stems
produced on both sides of all the pots.

Tasre XCIIL
Primula ve

T e IR
|| Mg Yo otTone) megein NG
i T [
fe I |
1L R s | 3
‘ 6y | ‘ 54
T 16 3 s
[ st | e |
1v. 7 14 2§ 5
61 23
Total. 56°26 62 q 25°75 1 15

The average height of the cight tallest flower-stems on the
ctossed plants is here 703 inches, and that of the eight tallest
flower-stems on the sel-fertilised plants 3-21 inches; or as 100
046, 'We see, also, that the crossed plants bore sixty-two flower-
stems? that is, above four times as many as those (viz, fifteen)
home by the self-fertilised plants. The flowers were left ex-
posed to the visits of inscets, and as many plants of both forms
grow close by, they must have been legitimately and naturally fer-
filised. Under these circumstances the crossed plants produced
394 capsules, whilst the self-fertilised produced only 16; and
these were all produced by a single plant in Pot TL., which was
much finer than any other self-fertilised plant. Judging by the
number of capsules produced, the fertility of an equal number
of crossed and seli-fertilised plants was as 100 to 5.

Tn the succeeding year (1871) I did not count all the flowes
stems on these plants, but only those which produced cap-
sules containing good seeds. The season was unfavourable, and
fhe erossed plants produced only forty snch flower-stems, bearing
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168 good capsules, whilst the self-fertilised plants produced
only two such flower-stems, bearing only 6 capsules, half of
which were very poor ones. So that the fertility of the two lots,
judging by the number of capsules, was as 100 to 35.

n considering the great difference in height and the wonderful
difference in fertility between the two sets of plants, we should
Dear in mind that this is the result of two distinct agencies.
The self-fertilised plants were the produet of illegitimate fertili
cation during five successive generations, in all of which, ex-
cepting the last, the plants had been fertilised with pollen taken
from a distinct individual belonging to the same form, but which
was more or Jess closely related. The plants had also been
subjected in cach generation to closely similar conditions. This
treatment alone, as I know from other observations, would have

- greatly reduced the size and fertility of the offspring. On the
other hand, the crossed plants were the offspring of long-styled
plamts of the fourth illegitimate generation legitimately crossed
with pollen from a short-styled plant, which, as well as its pro-
genitors, had been exposed to very different conditions; and this
latter circumstance alone would have given great vigour to the.
offspring, as we may infer from the several analogous cases
already given. How miuch proportional weight ought to be at-
tributed to these two agencies,—the one tending to injure the

fortilised offspring, and the other to bemefit the crossed
offspring,—canmot be defermined. But we shall immediately
sce that the greater part of the benefit, as far as increased
fertility is concerned, must be attributed to the cross having

been made with a fresh stock. i

PROIULA VERIS.
Equal-styled and red-flowered var.

T have described in my paper *On the Tllegitimate Unions of
Dimorphicand Trimorphic Plants’ this remarkable variety, which
was sent to me from Edinburgh by Mr. J. Scott. It possessed a
pistil proper to the long-styled form, and stamens proper to the
short-styled form ; so that it had lost the heterostyled or dimor-
phic character common to most of the species of the genus,
and may be compared with an hermaphrodite form of a bi-
sexual animal, Consequently the pollen and stigma of the
same flower are adapted for complete mutual fertilisation, instead
of its being necessary that pollen should be bronght fiom one
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form to another, as in the common cowslip. From the stigma
and anthers standing nearly on the same level, the flowers are
porfectly selt-fortilo when inseots are excluded.  Owing to the
fortunate existence of this vaviety, it is possible to fertilise its
flowers in a legifimate manner with their own pollen, and to
qross other flowers in a legitimate manner with pollen from
another variety or fresh stock. Thus the offspring from both
unions can be compared quite fairly, free from any doubt from
the injurious effects of an illegitimate union.

The plants on which T experimented had heen raised during
two successive generations from spontancously self-fortilised
seeds produced by plants under a net; and as the variety is
Tighly self-fertile, its progenitors in Edinburgh may have heen
self-fertilised during some previous generations. Seveval flowers
on two of my plants were legitimately crossed with pollen from
a short-styled common cowslip growing almost wild in my
orchard; so that the cross was between plants which had been
subjected to considerably different conditions. Saveral other
flowers on the same two plants were allowed to ferti them-
selves under a net; and this union, as alveady explained, is a
legitimato one.

The crossed and self-fertilised seeds thus obtained were sown
thickly on the opposite sides of three pots, and the scedling
thinned, so that an equal number were left on the two si
Tho scedlings during the first year were mearly equal in
Teight, excepting in Pot IIT, Table XCLV., in which the self-
fortilised plants had o decided advantage. In the autumn the
plants were bedded out, in their pots; owing to this circum-
stance, and to many plants growing in each pot, they did not
flourish, and none were very productive in But the
conditions were perfectly equal and fair for both sides. In the
following spring I zccord in my notes that in tvo of tho pots
tho erossed plants axo “incompurably tho finest in gencr
appearance,” and in all three pots they flowered before the s
fertilised. When in full flower the tallest flower-stem on each
sido of each pot was measured, and the number of the flowe
stems on both sides counted, as shown in the following table.
The plants were left uncovered, and asother plants were growing
close by, the flow no doubt were crossed by insec When
the capsules were vipe they were gathered and m\u\tul, and
the result is likewise shown in the following table :—

&
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. Tapee XCIV.
Primula veris (equal-styled, red-flowered variety).

Plants,

Crossed Plants. I sel

Teight of

oo gt F
i \g,«g;,{ LT | Moot | e
| RS e S

Sl

The average height of the three tallest flower-stems on the
crossed plants is 8:66 inches, and that of the three on the
self-fertilised plants 7+33 inches; or as 100 to 85.

All the crossed plants together produced thirty-three flower-
stems, whilst the sclf-fertilised bore only thirteen, The number
of the capsules were counted only on the plants in Pots T.and TIL,
for the self-fertilised plants in Pot II. produced none; therefore.
those on the crossed plants on the opposite side were nof
counted. Capsules not containing any good seeds were rejected.
The crossed plants in the above two pots produced 206, and the
self-fertilised in the same pots only 32 capsules; or as 100
to 15. Judging from the previous generations, the extreme
unproductiveness of the self-fertilised plants in this experiment
was-wholly due to their having been subjected to unfayourable
conditions, and to severe competition with the crossed plants;
for had they grown separately in good soil, it is almost certain
that they would have produced a large mumber of capsules.
The seeds were counted in twenty capsules from the crossed
plants, and they averaged 24°75; whilst in twenty capslﬂes
from the self-fertilised plants the average was 17
100 to 71. Moreover, the sceds from the self- fertilisod plants
were not_ nearly so fie as those from the crossed plants. If
we consider together the number of capsules produced and
the averago number of confained seeds, the fertility of the
crossed plants to the self-fertilised plants was as 100 to 11.
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S

We thus sce what a great effect, as far as fertility is cgneerned,
was produced by a cross between the two varieties, which had
heen long exposed to different conditions, in comparison with
seli-fertilisation; the fertilisation having been in both cases of
the legitimate order.

PRIMULA SINENSIS.

As the Chinese primrose is a heterostyled or dimorphic plant,
like the common cowslip, it might have been expected that the
flowers of both forms when illegitimately fertilised with their
own pollen or with that from flowers on another plant of the
same form, would have yielded less seed than the legitimately
crossed flowers; and that the seedlings raised from illegiti-
mately self-fertilised seeds would have been somewhat dwarfed
and less fertile, in comparison with the seedlings from legit
mately crossed seeds. This holds good in relation to the fe
tility of the flowers; but to my surprise there was no difference
in growth between the offspring from a legitimate union between
#wo distinet plants, and from an illegitimate union * whether
between the flowers on the same plant, or between distinet plants
of the same forr, But T have shown, in the paper before referred
{o, that in England this plant is in an abnormal condition,
such as, judging from analogous cases, would tend to render
cross between two individuals of no benefit to the offspring.
Our plants have been commonly raised from self-fertilised
sceds; andl tho seedlings have generally been subjected to nearly
uniform conditions in pots in greenhouses. Moreover, many of
the plants are now varying and changing their character, s0 as
to become in a greater or less degree equal-styled, and in con-
sequence highly self-fertile. From the analogy of P. veris there
can hardly be a doubt that if a plant of P. sinensis could have
been procured direct from China, and if it had been crossed
with one of our English varietics, the offspring would have
shown wonderful superiority in height and fertility (though
probably not in the beauty of their flowers) over our ordinary
plants.

My first experiment consisted in fertilising many flowers on
long-styled and short-styled plants with their own pollen, and
other flowers on the same plants with pollen faken from distinct
plants belonging to the same form; so that all the unions were
illogitimate, There was no uniform and marked difference in
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the number of seeds obtained from these two modes of self-fer-
tilisation, both of which were illegitimate. The two lots of seeds
from both forms were sown thickly on opposite sides of four pots,
and numerous plants thus raised. But there was no difference
in their growth, excepting in onc pot, in which the offspring
from the illegitimate union of two long-styled plants exceeded
in  decided manner in height the offspring of flowers on the'
same plants fertilised with their own pollen. But in all four
Jots the plants raised from the union of distinet plants belonging
to the same form, flowered before the offspring from the self-
fertilised flower g x

Some long-styled and short-styled plants were now raised from
ased seeds, and flowers on both forms were legitimately
crossed with pollen from a distinct -plant; and other flowers on
both forms were illegitimately fertilised with pollen from the
flowers on the same plant. The sceds were sown on opposite sides
of Pots L. to IV. in the following table (XCV.); a single plant
being left on each side. Several flowers on the illegitimate long-
styled and short-styled plants described in the last paragraph,
were also legitimately and illegitimately fertilised in the manner
just described, and their seeds were sown in Pots V. to VIIL in
‘the same table. As the two sets of seedlings did not differ in
any essential manner, their measurements are given in a single
table. Ishould add that the legitimate unions in both cases
yielded, as might have been expected, many more sceds than the
illegitimate unions. The scedlings whilst half-grown presented
o difference in height on the two sides of the several pots.
When fully grown they were measured to the tips of their
Tongest leaves, and the result is given in Table XCV. >

Tn six out of the eight pots the legitimately crossed plants*
exceeded in height by a trifle the illegitimately self-fertilised
plants; but the latter exceeded the former in two of the pots in &
more strongly marked manner. The average height of the eight
legitimately crossed plants is 9-01, and that of the eight illegi-
timately self-fertilised 9-03 inches; or as 100 to 100°2. The
plants on the opposite sides produced, as far as could be judged
by the eye, an equal number of flowers. I did not count the cap-
sules or-the seeds produced by them; but undoubtedly, judging
from many previous observations, the plants derived from the
legitimately erossed seeds would have been considerably more
fertile than those from the illegitimately self-fertilised seeds.
The crossed plants, as in the previous case, flowered before the
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TasLe XCV.

Primula sinenss.

Plants from leg!

Plants from illegiti-

o ook magely rosed
T T | e
L 83 i 8
From short-styled |
mothexr. ‘
74 8§
111 9% 9
From long-styled
er.
Iv. 84 83
From long-styled
Y. 0t 9
From illegitimate
short-styled
mother. |
9 94
From illegitimate
short-styled |
mother, ‘
b
5! 3 |
104 | 10

From illezitimate
Long-styled moth

Total in inches.
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sclf-fortilised plants in all the pots exceptin Pot IT., in which the
two sides flowered simultaneously; and this carly flowering

may, perhaps, be considered as an advantage.
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XXVIL POLYE}OI\'E[E.—FAGOP\'RUM ESCULENTUM.

This plant was discovered by Hildebrand to be heterostyled,
that is, to present, like the species of Primula, a long-styled and a*
short-styled form, which are adapted for reciprocal fertilisation.
Therefore the following comparison of the growth of the crossed
and self-fortilised seedlings is not fair, for we do not know.
whether the difference in their heights may not be wholly due to
the illegitimate fertilisation of the seli-fertilised flowers.

T obtained seeds by legitimately erossing flowers on long-styled
and short-styled plants, and by fertilising other fiowers on both
forms with pollen from the same plant. Rather more seeds were
obtained by the former than by the latter process; and the
timately crossed seeds were heavier than an equal number
he illegitimately selé-fertilised seeds, in the ratio of 100 to 82.
Crossed and self-fertilised seeds from the short-styled parents,
after germinating on sand, were planted in pairs on the opposite
sides of a lage pot; and two similar lots of seeds from long-
styled parents were planted in a like manner on the opposite
sides of two other pots. In all three pots the legitimately crossed
scedlings, when a few inches in height, were taller than the self-
fertilised ; and in all three pots they flowered before them by one
or two days. When fully grown they were all cut down close
to the ground, and as I was pressed for time, they were placed
in a long Tow, the cut end of one plant touching the tip of
another, and the total length of the legitimately crossed plants:
was 47 ft. 7 in., and of the illegitimately self-fertilised plants
82 ft. 8 in. Therefore the average height of the fifteen erossed
plants in all three pots was 3806 inches, and that of the fifteen
self-fertilised plants 2613 inches; or as 100 to 69.

XXVIIL CHENOPODIACEZ.—BETA VULGARIS.

A single plant, no others growing in the same garden, was
left to fertilise itself, and the self-fertilised seeds were collected..
Seeds were also collected from a plant growing in the midst of &
large bed in another garden; and as the incoherent pollen is:
abundant, the seeds of this plant will almost certainly have been
the product of a cross between distinct plants by means of the
wind. Some of the two lots of seeds were sown on the opposite
sides of two very large pots; and the young seedlings were
thinned, so that an equal but considerable number was left on
the two sides. These plants were thus subjected to very severs
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competition, as well as o poor conditions. The remaining sceds
were sown out of doors in good soil in two long and not closely
adjoining rows, so that these seedlings were placed under favour
able conditions, and were not subjected to any mutual com-
potition. The self-fertilised seeds in the open ground came up
very badly; and on removing the soil in two or three places, it
was found that many had sprouted under ground and had
then died. No such case had heen observed hefore, Owing to
the large number of scedlings which thus perished, tho sur-
viving self-fertilised plants grew thinly in the row, and thus had
an advantage over the crossed plants, which grow very thickly
in the other row. Thie young plants in the two rows were pro-
tocted by a little straw during the winter, and those in the two
large pots were placed in the greenhouse.

There was no difference between the two lots il the pots until
the ensuing spring, when they had grown a little, and then some
of the crossed plants were finer and taller than any of the self-
fortilised. When in full flower their stems were measured, and
the measurements are given in tho following table :—

Tapre XCVI.
Beta vulgaris.

No. of Put. |‘ Crossed Plants. | Sclt-fortilised Plants,

Total in inches. 238°50

The average height of the eight crossed plants is hero
34°09, and that of the eight self-fertilised plants 20°81 ; or as
100 to 87.

With respect to the plants in the open ground, each long row
was divided into half, s0 as to diminish the chance of any
aceidental advantage in ono part of either row; and the fonr
tallest plants in the two halves of the two rows were carcfully

o
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selected and measured. The eight tallest crossed plants averaged
30-92, and the eight fallest self-fertilised 30°7 inches in height,
or as 100 to 99; so that they were practically equal. But we
should bear in mind that the trial was not quite fair, as the
self-fertilised plants had a great advantage over the crossed
in being much less crowded in their own row, owing to the
large number of seeds which had perished under ground after
sprouting. Nor were the lots in the two rows subjected to any
mutual competjtion.

XXIX. CANNACEZE.—CANNA WARSCEWICZL.

Tn most or all the species belonging to this genus, the pollen
is shed Lefore the flower expands, and adheres in a mass to the:
folinceous pistil close beneath the stigmatic surface. As the
edge of this mass generally touches the edge of the stigma, and.
as it was ascertained by trials purposely made that a very few
pollen-grains suflice for fertilisation, tho present species and
probably all the others of the genus are highly self-fertile.
Exceptions oceasionally oceur in which, from the stamen being
dlightly shorter than usual, the pollen is deposited a little bencath
the stigmatic surface, and such flowers drop off unimpreg=
nated uuless they are artificially fertilised. Sometimes, though
rarely, the stamen is a little longer than usual, and then the
whole stigmatic surface gets thickly covered with pollen. As
llen is generally deposited in contact with the edge of

for it implies that a great amount of pollen is produced for no
purpose. On this view, also, the large size of the stigmatic
surface is an unintelligible feature in the structure of the flower,
as woll as the relative position of all the parts, which is such
that when inseets visit the flowers to suck the copious nectar,

they camot fail to carry pollen from one flower to another. *

are fertilised in the bud, and that
sl

itung rtilisation is inevitable. T
isled by

* Delpino has des
Zeitung, 1867, p.

tific Opinion

on." 1870, p presume that they were misled by
structure of the flowe s the pollen deposited at @
gomus, but he was mistaken in  very early on the pistil : seo
thinking that self-fertilisation is f Linn. Soc. Bot.” vol
impossible, at least in the 55, und ¢ Variabilité des

ut species. Dr. Dickie and
viostate thut the flowers

> 1868, p. 158

the pi
Pr
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According to Delpino, bees eagerly visit the flowers in North
Ttaly, but T have never seen any insect visiting the flowers of the
present species in my hothouse, although many plants grew
there during several years. Nevertheless these plants produced
plenty of seed, as they likewise did when covered by a net; they
are therefore fully capable of self-fertilisation, and have probably
been self-fertilised in this country for many generations. As
they are cultivated in pots, and are not exposed to competition
with surrounding plants, they have also been subjected for a
considerable time to somewhat uniform conditions. This, there-
fore, is a case cxactly parallel with that of the common pea, in
which we have no right to expect much or any good from
intercrossing plants thns descended and thus treated; and
10 good did follow, excepting that the cross-fertilised flowers
yielded rather moro seeds than the self-fertilised. This specics
was one of the carlier ones on which I experimented, and as T
had not then raised any self-fertilised plants for several
generations under uniform con(]]hons I did not know or e:
suspect that such treatment would interfere with the adva
to be gained from a cross. I was therefore much surpr cll M
the crossed plants not growing more vigorously than the sel-
fertilised, and a large number of plants were raised, notwith-
standing that the present species is an extremely troublesome
one to experiment on. The seeds, even those which have been
Tong soaked in water, will not germinate well on bare sand ; and
those that were sown in pots (which plan I was forced to follow)
germinated at very unequal intervals of time; so that it was
difficult to get pairs of the same exact age, and many secdlings
Thad to be pulled up and thrown away. My experiments were
continued during threo successive generations; and in cach
generation the self-fertilised plants were again self-fertilised,
their early progenitors in this country having probably been gelt-
fertilised for many previous generations. In each generation,
also, the crossed plants were fertilised with pollen from another
crossed plant.

Of the flowers which wero crossed in the three generations,
taken together, a rather larger proportion yielded capsules than
did those which wére self-fertilised. The seeds were counted in
forty-seven capsules from the crossed flowers, and they con-
tained on an average 9-95 seeds; whereas forty-cight capsules
from the self-fertilised flowers contained on an average 8°45
seeds; or as 100 to 85, The seeds from the crossed flowers wero
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not heavier, on the contrary a little lighter, than those from the
self-fertilised flowers, as was thrice ascertained. On one oceasion
T weighed 200 of the crossed and 106 of the self-fertilised seeds,
and the relative weight of an equal number was as 100 for the
crossed to 1015 for the self-fertilised. With other plants, when'
the seeds from the self-fertilised flowers were heavier than those
from the crossed flowers, this appeared to be due gencrally
to fewer having heen produced by the self-fertilised flowers, and
to their having been in consequence better nourished. But in
the present instance the seeds from the crossed capsules were
separated into two lots,—namely, those from the capsules con-
taining over fourteen seeds, and those from capsules containing
under fourteen seeds, and the seeds from the more productive
capsules wer vier of the two; so that the above explana-
tion here fails.

‘As pollen is deposited at a very early age on the pistil, gene-
rally in contact with the stigma, some flowers whilst still in
bud were castrated for my first experiment, and were afterwards
fortilised with pollen from a distinct plant, Other flowers were
fortilised with their own pollen. From the seeds thus ob-
tained, T succeeded in rearing only three pairs of plants of equal
age. The threo crossed plants averaged 32°79 inches, and
the three self-fertilised 3208 inches in height; so that they
were nearly equal, the crossed having a slight advantage. As:
the same result followed in all three generations, it would be
superfluous to give the heights of all the plants, and T will give
only the averages.

Tn order to raise crossed and self-fertilised plants of the second
generation, some flowers on the above crossed plants were crossed

vithin twenty-four hours after they had expanded with pollen
from a distinet plant; and this interval would probably not be too
great to allow of eross-fertilisation being effectual. Some flowers
on the self-fertilised plants of the last generation were also self
fortilised. From these two lots of seeds, ten crossed and twelve
self-fertilised plants of equal ages were raised ; and these were
measured when fally grown. The crossed averaged 36-98, and
the self-fertilised averaged 3742 inches in height; so that here
again the two lots were nearly equal; but the self-fertilised had.
a slight advantage.

Tn order to raise plants of the third generation, a better plan.
was followed, and flowers on the crossed plants ‘of the second
generation were selected in which the stamens were too short to
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reach the stigmas, so that they could not possibly have heen
self-fertilised. These flowers were crossed with pollen from a
distinct plant. Flowers on the selffertilised plants of the second
generation were again self-fertilised. From the two lots of sceds
thus obtained, twenty-one crossed and pineteen self-fertilised
plants of equal age, and forming the third generation, were raised
in fourteen large pots. They were measured when fully grown,
and by an odd chance the average height of the two lots was
exactly the same, namely, 35-96 inches; so that neither side had
the least advantage over the other. To test this result, all the
plants on both sides in ten out of the above fourteen pots were
cut down after they had flowered, and in the ensuing year the
stems were again measured; and now the crossed plants ex-
ceeded by a little (viz., 1°7 inches) the seltfertilised. They were
again cut down, and on their flowering for the third time, the
self-fertilised plants had a slight advantage (viz., 154 inches)
over the crossed. Hence the result arrived at with these plants
during the previous trials was confirmed, namely, that neither
lot had any decided advantage over the other. It may, however,
be worth mentioning that the self-fertilised plants showed some
tendency to flower before the crossed plants: this occurred with
all three pairs of the first generation; and with the cut down
plants of the third generation, a self-fertilised plant flowered
first in nine out of the twelve pots, whilst in the remaining three
pots a crossed plant flowered first.

1f we consider all the plants of the three generations taken
together, the thirty-four crossed plants average 3598, and the
thirty-four self-fertilised plants 3639 inches in height: or as
100 to 101. We may fherefore conclude that the two lots
possessed equal powers of growth ; and this T believe to be the
result of long-continued self-fertilisation, together with exposure
to similar conditions in each generation, so that all the indivi-
duals had acquired a closely similar constitution.

-

XXX. GRAMINACEZL.—ZEA MAYS.

This plant is moncecious, and was selected for trial on this ac-
connt, no other such plant having been experimented on.* Tt is

* Hilgebrand remarks that  male flowers standing above the
this specics seems at first sight female flowers; but practically it
adapted o be fertilised by pollen  must generally be fertilised by
from the same vlaut, owing to the  pollen from another plant, as tho
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alsoanemophilous, or is fertilised by the wind; and of such plants
only the common beet had been tried. Some plants were raised
in the greenhouse, and were crossed with pollen taken from a
distinet plant; and a single plant, growing quite separately in a
different part of the house, was allowed to fertilise itself spon-
taneously. The seeds thus obtained were placed on damp sand,
and as they germinated in pairs of equal age were planted on
the opposite sides of four very large pots; nevertheless they
were considerably crowded. The pots were kept in the hothouse.
The plants were first measured to the tips of their leayes when
only between 1 and 2 feet in height, as shown in the following
table:—

)

Tasie XCVIL

Zea mays.

No. of Pot. Crossed Plants. | Self-fertilised Plants.

o Tnches. Tnches.
234 17

3

Total in inches.

The fifteen crossed plants here average 20°19, and the fifteen
self-fertilised plants 17-57 inches in height; or as 100 to 87-
Mr. Galton made a graphical representation, in accordance with
the method described in the introductory chapter, of the above

male flowers usually shed their K. Akad.’ Berlin, Oet. 1872,
pollen before the fémale flowers — p. 743.
are mature: ‘Mouatsbericht der

»
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measurements, and adds the words “very good ” to the curyes
thus formed.

Shortly afterwards one of the crossed plants in Pot . died;
another became much diseased and stunted ; and the third never
grew to its full height. They scemed to have been all injured,
probably by some larva gnawing their roots. Therefore all
the plants on both sides of this pot were rejected in the subse-
quent measnrements.  When the plants were fully grown they
were again measured to the tips of the highest leaves, and the
eleven crossed plants now averaged 63°1, and the eloven seli-
fertilised plants 62°84 inches in height; or as 100 to 91 Tn all
four pots a crossed plant flowered before any one of the self-fer-
tilised ; but three of the plants did not flower at all. Those that
flowered were also measured to the summits of the male flowers:
the ten crossed plants averaged 6651, and the nine self-fextilised
plants 6159 inches in height ; or as 100 to 93.

A large number of the same crossed and selt-fertilised sceds
were sown in the middle of the summer in the open ground in
two long rows. Very much fewer of the self-fertilised than of
the crossed plants produced flowers ; but those that did flower,
flowered almost simultancously. When fully grown the ten
tallest plants in each row were selected and measured to the
tips of their highest leaves, as well as to the summits of their
male flowers. The crossed averaged to the tips of their leaves
54 inches in height, and the self-fertilised 44-65, or as 100
to 83; and to the summits of their male flowers, 5396 and
4345 inches; or as 100 to S0.

PHALARIS CANARIENSIS.

Hildebrand has shown in the paper referred to under the
lst species, that this hermaphrodite grass is better adapted
for cross-fertilisation than for self-fertiMation. Several plants
were raised in the greenhouse closo together, and their flowers
were mutually intercrossed. Pollen from a single plant growing
quite separately was collected and placed on the stigmas of the

same plant. The seeds thus produced were self-fertilised, for -

they were fertilised with pollen from the same plant, but it will
have been a mere chance whether with pollen from the same
flowers. Both lots of sceds, after germinating on sand, were
planted in pairs on the opposite sides of four pots, which were
kept in the greenhouse. When the plimts were a little over a
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foot in height they were measured, and the crossed plants
averaged 13-38, and the self-fertilised 12°29 inches in height;
or as 100 o 92.

When in full flower they were again measured to the ex-
tremitics of their culms, as shown in the following table:—

TapLe XCVIIL

Phalaris canariensis.

No.ofPot. | Crossed Plants, | Self-forttised Plants.
e s
Tches.
L 412
45§
1L, | 37 319
494 37%
| 29 Pl
| 87 347
L | 374 28
[ 354 28
| 43 34
v. ‘ 103
i 37
Total in inches. | 42800

The eleven crossed plants now averaged 33°9, and the eleven
self-fertilised plants 3569 inches in height; or as 100 to 92,
which is the same ratio as before. Differently to what occurred
with the maize, the crossed plants did not flower before the self-
fortilised; and though both lots flowered very poorly from
having been kept in p%s in the greenhouse, yet the self-fertilised
plants produced twenfy-eight flower-heads, whilst the crossed
produced only twenty!

Two long rows of the same seeds were sown out of doors, and
care was taken that they were sown in mearly equal number;
but a far greater number of the crossed than of the self-fertilised:
seeds yielded plants. The self-fertilised plants were in con-
sequence not so much crowded as the crossed, and thus had an
advantage over them. When in full flower, the twelve tallest
plants were carefully selected from both rows and measured,
as shown in the following table
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Tasre XCT
Plhalaris canariensis (yrowing in the open ground).

lised Plaots,
ailest,

Tnches.
34

The twelve cross

d plants here average 35-78, and the twelve
self-fertilised 335 inches in height; or as 100 to 93." In this
case the crossed plants flowered rather before the self-fertilised,
and thus differed irom those growing in the pots.
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CHAPTER VIL

Suiniary oF THE Hurants AND WEerGnTS of THE CROSSED AND

SELF-FERTILISED PLANTS.

Number of species and plants measured—Tables given—Preliminary
remarks on the offspring of plants crossed by a fresh stock—Thirteen
cases specially considered—The effects of crossing a self-fertilised
plant cither by another self-fertilised plant or by an intercrossed plan
of the old stock—Summary of the resnlts—Preliminary remarks on
the crossed and self-fextilised plants of the same stock—The twenty-
six exceptional cases considered, in which the erossed plants did not
exceed greatly in height the self-fortilised—Most of these eases
shown not to be real exceptions to the rule that cross-fertilisation
is beneficial —Summary of results—Relative weights of the crossed

d self-fertilised plants

real

Tur details which have been given under the head
ol each spumes are so numerous and so intricate, that
bulate the results. In Table A, fhe
number of planta of each kind which were raised from
a cross between two individuals of the same stock and
from self-fertilised seeds, together with their mean
or average heights, are given. In the right-hand
column, the mean height of the crossed to that of
the self-fertilised plams, the former being taken as
100, is shown. To make this clear, it may be ad-
visable to give an example. In the first generation of
Tpomcea, six plants derived from a cross “between two
plants were measured, and their mean height is 86:00
inches ; six plants derived from flowers on the same
parent-plant fertilised with their own pollen were
measured, and their mean height is 65°66 inches.
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From this it follows, as shown in the right-hand
column, that if the mean height of the crossed plants
be taken as 100, that of the self-fertilised plants is 76.
The same plan is followed with all the other species.

The crossed and self-fertilised plants were generally
grown in pots in competition with one another, and
always under as closely similar conditions as could
be attained. They were, however, sometimes grown in
separate rows in the open ground. With several of
the species, the crossed plants were again crossed, and
the self-fertilised plants again self-fertilised, and thus
successive generations were raised and measured, as
may be seen in Table A. Owing to this manner of
proceeding, the crossed plants became in the later
generations more or less closely inter-related.

In Table B the relative weights of the crossed and
self-fertilised plants, after they had flowered and had
been cut down, are given in the few cases in which
they were ascertained. The results are, T think, more
striking and of greater value as evidence of constitu-
tional vigour than those deduced from the relative
heights of the plants.

The most important table is that of C, as it includes
the relative heights, weights, and fertility of plants
raised from parents crossed by a fresh stock (that is, by
non-related plants grown under different conditions),
or by a distinct sub-variety, in comparison with self-
fertilised plants, or in a few cases with plants of the
same old stock intercrossed during several generations.
The relative fertility of the plants in this and the
other tables will be more fully considered in a future
chapter.
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TasLE A.—Relative Heights of Plants from Parents crossed with
Pollen from other Plants of the sume Stock, and self-fertilised.

T lelzs | ass
310 || 32| cE
£3| &g [S5] B | w22

El <2 |&d| °= B3
23| =% |28| 53 | 3=
22| 285 | $7dc
NAMES OF PLANTS. =H| 2 |55 2523
2| 95 [s& gT=8
| B |22 £ig8
g a3
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Ipomea purpurea—2nd gene 6 6 S

Ipomea purpurea—3rd gene 6 6 e

Ipomea purpures—ith gene 7 7 e

Ipomea purpurea—sth generation | 6 6 o

Ipomea purpurei— 6 6 i

Ipomea purpur 9 9 S

Ipomeea purps 8 8 e
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TABLE A—continued.

241

< 3
i E2
S s
2i =
NAMES OF PLANTS. <5 Bt
= o
: 2552
Papaver vagum . 8 ‘ 15 [21:01 | 15 1954 as 100t0 89
Sl }‘ 20°68| 4 [25°56] , ,, 86
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TanLe A—continued.

Self.
fnches.

Eq

NAMES OF PLANTS.

« of the Crossed

ants measured.

Average helght of S
fertilised Plants §
Average height of the

Disathns cu)nph Tlus — numbe
cht of all th

bun gontim sl
Tropiolum minus
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Lupinus lutens—:
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Pisum sativum .

Sarothamnus  seoparius — small
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ide after three

Apium petroselinum
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Lolelia ran 5 5 3| 3 (19:00| »
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TaBLE A—econtinued.
. 2 |3 2| =g 2
s e e
Sgll g sl =2 [ 355
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Tante B—Relative Weights of Plants from Parents crossed with
Pollen from distinct Plants of the same Stock, and Self<fertilised.
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SUMMARY OF MEASUREMENTS.
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Tavwe C.—Relative Heights, Weights, and Fertility of Plants from
Parents crossed by a fresh Stock, and from Parents cither self-

Sertilised or intercrossed with Plants

of the same Stock.

NAMES OF PLANTS AND NATURE
OF THI

e
generation .

Ipomea purpuren — offspring of) |
plants intererossed for nine gen-||
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fresh stock, compared with
plants of the 10th intercrossed| |
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A e e
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TABLE C—continued.
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TapLe C—continued.
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NAMES OF PLANTS AND NATURE
OF THE EXPERIMENTS.

Planis from &
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Weight.

ight in inches and

Weight.

Cross with a Fresh Stock.

Number of the
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Average Helght
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NAMES OF PLANTS AND NATURE
OF THE EXPERIMENTS.
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TarrE C—continued.

NAMES OF PLANTS AND NATURE
OF THE EXPERIMENTS.
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TasLe C—continued.

NAMES OF PLANTS AND NATURE
OF THE EXPERIMENTS,
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TABLE C—continued.

P e
. 52| 2 g
22| & EolE
28| Es z
NAMES OF PLANIS AND NATURE & | 3 =
OF THE EXPERIMENTS. |23 | 5
5% g2
i3
85
z

Average Height

from ]

bt
with & Fresh Stock faken as

100,

251

Nicotiana tabacum—ofipring of |
T |
generations and then crossed by
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pared with plants of the 4th
self-fertilised_generation, grown
much crowded in pots, in height,
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generations and then crossed by
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much crowded in pots, in weight,
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TABLE C—continued.

NAMES OF PLANTS A
OF THE EXPERIMENTS.
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In these three tables the measurements of fifty-seven
species, belonging to fifty-two genera and to thirty
great natural families, are given. The species are
natives of various parts of the world. The number
of crossed plants, including those derived from a cross
between plants of the same stock and of two different
stocks, amounts to 1,101 ; and the number of self-fer-
tilised plants (including a few in Table C derived
from a cross between plants of the same old stock)
is 1,076. Their growth was observed from the germi-
nation of the seeds to maturity; and most of them
were measured twice and some thrice. The various
precautions taken to prevent either lot being unduly
fayoured, have been described in the introductory
chapter. Bearing all these circumstances in mind, it
may be admitted that we have a fair basis for judging
of the comparative effects of cross-fertilisation and of
self-fertilisation on the growth of the offspring.

It will be the most convenient plan first to consider
the results given in Table C, as an opportunity will thus
be afforded of incidentally discussing some important
points. TIf the reader will look down the right-hand
column of this table, he will see at a glance what an
extraordinary advantage in height, weight, and fer-
tility the plants derived from a cross with a fresh stock
or with another sub-variety have over the self-fertilised
plants, as well as over the intercrossed plants of the
same old stock. There are only two exceptions to this
rule, and these ‘are hardly real ones. In the case of
Eschscholtzia, the advantage is confined to fertility.
In that of Petunia, though the plants derived from a
cxoss with a fresh stock had an immense superiority in
height, weight, and fertility over the self-fertilised
plants, they were conquered by the intercrossed plants
of the same old stock in height and weight, but not
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in fertility. It has, however, been shown that the
superiority of these intercrossed plants in height and
weight was in all probability not real; for if the two
sets had been allowed to grow for another month, it is
almost certain that those from a cross with the fresh
stock would have been victorious in every way over
the intercrossed plants.

Before we consider in detail the several cases given.
in Table €, some preliminary remarks must be made.
There is the clearest evidence, as we shall presently
see, that the advantage of a cross depends wholly on
the plants differing somewhat in constitution ; and that
the disadvantages of self-fertilisation depend on the two
parents, which are combined in the same hermaphrodite
flower, having a closely similar constitution. A certain
amount of differentiation in the sexual elements seems
indispensable for the full fertility of the parents, and
for the full vigour of the offspring. All the individuals
of the same species, even those produced in a state of
nature, differ somewhat, though often very slightly,
from one another in external characters and probably in
constitution. This obviously holds good between the:
varieties of the same species, as far as external characters
are concerned ; and much evidence could be advanced
with respect to their generally differing somewhat m
constitution. There can hardly be a doubt that the
differences of all kinds between the individuals and
es of the same species depend largely, and as T
believe exclusively, on their progenitors having been
subjected to different conditions ; though the conditions
to which the individuals of the same species are ex-
posed in a state of nature often falsely appear to us the
same. For instance, the individuals growing together
are necessarily exposed to the same climate, and they
seem to us at first sight to be subjected to identically
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THE

BIETHOEPIST:

A PRONOUNCING MANUAL,

Containing about Three Thousand Five Hun-
dred Words, including a Ceonsiderable
Number of the Names of Foreign
Authors, Artists, etc., that
are often mispro-
nounced.

By ALFRED AYRES.

little hook has been made for the use of
those who aim to have their practice in speaking
English conform to the most approved orthogpical
usage.’—From Pr

SELECTIONS FROM THE WORK.
a,b do'men, not 4b'do-mén.
e/, not -crit’.
e orthospists agree that u, preceded
the same syllable, generally hecomes simply o
rude, rumor, rural, rule, ruby.
allop'a-thy ; allop'a-this
Ar'a-bic, not A-ra'bic.
Asia—a'she-d, not a/zhi.
ay, or aye (meaning yes)—i
aye (meaning always
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Bis'marck, not biz'-
At the end of a syllable, s in German, has in-
ariably its sharp, Lissing sound.
Cairo—in Lu\pt ki'ro; in the United
States,
C olulwt—k(n 'ba’.
decade, not de-kad'.
de-co'rous
The authority is small, and is becoming less, for

y i
saying déc'o-rodis, which is really as incorrect as it
would be to say son'o-rois.

defi-cit, not defic'it.
dig-dain’, not di
dig-hon’or, not di
éc-omom'i-cal, or é-comom'i-cal.
The first is the marking of a large majority of
the orthoépists.
-nér'vate.
he only authority for saying én'e
all the orthogpists sz
ép'oeh, not &poeh.
The latter is a Websterian pronunciation, which
is not even permitted in the late editions.

fin-an-cié

ateis popular

d word is rarely pronounced cor-

Supposed to be an abbreviation of gentlemen.
Pronounced—except by the very lowest orders—the
most nauseating of vulgarisms.
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Hei'ne, not hine.

Final ¢ in German is never silent.

honest—on’est, not

“ Honest. honest Tago,” i
honust Tago,” some of our
contrary notwithstanding.

is'o-late, or 1s'0-late, not i'so-lat.

The first marking is Walker’s, Worcest
Smart’s; the second, Webst

Meissonie

st, nor -u
pxemn\»le to * honust,
ental Othellos to the

% hard ‘before 4, except in
countr,

The letter ¢ is nl\\
gaol, now disused in this

pre-téxt’.
My pretext to strike at him admits
A" good construction.”

rél-ax-a'tion, or ré-.
Euphony and authority are on the side of the first
marking.
ro-bist/, not 16'bitst.
“Buryey the warlike horse; didst thou iny
‘With thunder his 7obust, distended chest?
ro-mince’.
“ A staple of romance and lies,
False tears and real perjuries.
te-légra-phy, not tél'e-griph-y.
'Y, not va
ilhess il o minds,
Flew off, and into str wge vagar
As they would danc

g!

© The Complete Work of Charles Darwin Online



THE

VERB A LSl

A MANUAL
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AN

To some offier matters of interest to those who would speak and.
write with propriety.

By ALFRED AYRES.

As a man is known by his compa

ny, 50 a mau’s com-

y be known by his manner of e & himself.?

“ We remain
to speak with propri

kled by timidity till we have leavned
ty."—Jonxsox.

Uniform with ¢ The Orthoepist.”

One vol., 18mo, cloth. Pric

For sale by all booksellers
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the same conditions ; but this can hardly be the case,
except under the unusual contingency of each individual
being surrounded by other kinds of plants in exactly
the same proportional numbers. For the surround-
ing plants absorb different amounts of various sub-
stances from the soil, and thus greatly affect the
nourishment and even the life of the individuals of
any particular species. These will also be shaded and
otherwise affected by the nature of the surrounding
plants. Moreover, seeds often lie dormant in the
ground, and those which germinate during any one
year will often have heen matured during very different
seasons. Seeds are widely dispersed by various means,
and some will occasionally be brought from distant
stations, where their parents have grown under some-
what different conditions, and the plants produced
from such seeds will intercross with the old residents,
thus mingling their constitutional peculiarities in all
sorts of proportions.

Plants when first subjected to culture, even in their
native country, cannot fail to be exposed to greatly
changed conditions of life, more especially from
growing in cleared ground, and from mot having to
compete with many or any surrounding plants. They
are thus enabled to ubsorb whatever they require
which the soil. may contain. Fresh seeds are often
brought from distant gardems, where the parent-
plmts .have been subjected to different conditions.

Cultivated plants like those in a state of mature
{requently intercross, and will thus mingle their
constitutional peculiaritics. On the other hand, as
long as the individuals of any species are culti-
vated in the same garden, they will apparently be
subjecteid to more uniform conditions than plants in a
state of nature, as the individuals have not to compete

12
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with various smrrounding species. The seeds sown at
the same time in a garden have genérally been matured:
during the same season and in the same place ; and in
this respect they differ much from the seeds sown by
the hand of nature. Some exotic plants are mnot
frequented by the native insects in their new home,
and therefore a and this appears
to be a highl; actor in the individuals
acquiring uniformity of constitution. 4
In my experiments the greatest care was taken that
in each generation all the crossed and self-fertilised
plants should be subjected to the same conditions.
Not that the conditions were absolutely the same, for
the more vigorous individuals will have robbed the:
weaker ones of nutriment, and likewise of water when
the soil in the pots was becoming dry; and both lots
at one end of the pot will have received a little more
light than those at the other end. In the successive
generations, the plants were subjected to somewhat
different conditions, for the seasons necessarily varied,
and they were sometimes raised at different periods of
the y But as they were all kept under glass, they
were exposed to far less abrupt and great changes of
temperature and moisture than are plants growing out
of doors.  With respect to the intercrossed plants, their
first parents, which were not related, would almost
certainly have differed somewhat in constitution ; and
such constitutional peculiavities would be variously
mingled in each succeeding intercrossed generation,
being sometimes augmented, but more commonly
neutralised in a greater or less degree, and sometimes
revived through reversion; just as we know to bé the
case with the external characters of crossed species and
varieties. With the plants which were self-fertilised
during the successive generations, this latter important

not interer

¢ important
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source of some diversity of constitution will have been
wholly eliminated ; and the sexual elements produced
by the same flower must have been developed under
nearly the same conditions as it is possible to conceive.

In Table C the crossed plants are the offspring of a
cross with a fresh stock, or with a distinet va
they were put into competition either with self-fertilise:
plants, or with intercrossed plants of the same old stock.
By the term fresh stock I mean a non-related plant,
the progenitors of which have been raised during some
generations in another garden, and have consequently
been exposed to somewhat different conditions. In the
case of Nicotiana, Iberis, the red variety of Primula, the
common Pea, and perhaps Anagallis, the plants which
were crossed may be ranked as distinct v
sub-varieties of the same species; but with Ipomcea,
Mimulus, Dianthus, and Petunia, the plants which
were crossed differed exclusively in the tint of their
flowers; and as a large proportion of the plants raised
from the same lot of purchased seeds thus varied, the
differences mauy be estimated as merely individual.
Having made these preliminary remarks, we will now
consider in detail the several cases given in Table C,
and they are well worthy of full consideration.

(1) Ipomeea purpured—Plants growing in the same
pots, and subjected in each generation to the same
conditions, were intercrossed for mnine consecutive
generations. These intercrossed plants thus became in
the later generations more or less closely inte ated.
Tlowers on the plants of the ninth interc d genera-
tion were fertilised with pollen taken from a fresh
stock, and seedlings thus raised. Other flowers on the
same intercrossed plants were fertilised with pollen
from another intercrossed plant, producing seedlings of
the tenth intercrossed generation. These two sets of

© The Complete Work of Charles Darwin Online



258 SUMMARY OF MEASUREMENTS.  Cuar. VAL

seedlings were grown in competition with one another,
and differed greatly in height and fertility. For the
offspring from the cross with a fresh stock exceeded in
height the intercrossed plants in the ratio of 100 t0 78
and this is nearly the same excess which the inter-
crossed had over the self-fertilised plants in all ten
generations taken together, namely, as 100 to 77.  The
plants raised from the cross with a fresh stock were
also greatly superior in fertility to the intercrossed,
namely, in the ratio of 100 to 51, as judged by the
relative weight of the seed-capsules produced by an
equal number of plants of the two sets, both having
been left to be naturally fertilised. It should be
especially observed that none of the plants of either lot
were the product of self-fertilisation. On the contrary,
the intercrossed plants had certainly been crossed for the
last ten generations, and probably, during all previous
generations, as we may infer from the structure of the
flowers and from the frequency of the visits of humble-
bees. And so it will have been with the parent-plants
of the fresh stock. The whole great difference in height
and fertility between the two lots must be attributed to
the one being the product of a cross with pollen from a
fresh stock, and the other of a cross between plants of
the same old stock. G 2
This species offers another interesting case. In the
five first generations in which intercrossed and self-
fertilised plants were put into competition with one
another, every single intercrossed plant beat its self-
fertilised antagonist, except in one instance, in which
they were equal in height. But in the sixth gene-
ration a plant appeared, named by me the Hero, re-
markable for its tallness and increased self-fertility,
and which transmitted its characters to the next three
generations, The children of Hero were again self-
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fertilised, forming the eighth self-fertilised generation,
and were likewise intercrossed one with another; but
this cross between plants which had been subjected
to the same conditions and had been self-fertilised
during the seven previous generations, did not effect
the least good ; for the intercrossed grandchildren were
actually shorter than the self-fertilised grandchildsen,
in the ratio of 160 to 107. We here sce that the
mere act of crossing two distinet plants does not by
itself benefit the offspring. This case is almost the
converse of that in the last paragraph, in which the
offspring profited so greatly by a cross with a fresh
stock: A similar trial was made with the descendants
of Hero in the following generation, and with the same
result.  But the trial cannot be fully trusted, owing
to the extremely unhealthy condition of the plants.
Subject to this same serious cause of doubt, even a
cross with a fresh stock did not benefit the
gmuddnl(hn,u of Hero; and if this were really the
it is the greatest anomaly observed by mein all mv
experiments.

(2.) Mimulus luteus.—During the three first genera-
tions the intercrossed plants taken together exceeded
in height the self-fertilised taken together, in the ratio

- of 100 to 65, and in fertility in a still higher degree.
In the fourth generation a new variety, which grew
taller and had whiter and larger flowers than the old
varieties, began to prevail, especially amongst the self-
fertilised plants. This variety transmitted its characters
with remarkable fidelity, so that all the plants in the
later self-fertilised generations belonged to it. These
consequently exceeded the intercrossed plants consider-
ably in height. Thus in the seventh generation the
intercrossed plants were to the self-fertilised in height
as 100 to 137. It is a more remarkable fact that the
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self-fertilised plants of the sixth generation had become
much more fertile than the intercrossed plants, judging
by the number of capsules spontaneously produced, in
the ratio of 147 to 100. This variety, which as we
have seen appeared amongst the plants of the fourth
self-fertilised generation, resembles in almost all its
constitutional peculiarities the variety called Hero
which appeared in the sixth self-fertilised generation
of Tpomeea. No other such case, with the partial ex-
ception of that of Nicotiana, oceurred in my experi-
ments, carried on during eleven years.

Two plants of this variety of Mimulus, belonging to
the sixth self-fertilised generation, and growing in
separate pots, were intercrossed ; and some flowers on
the same plants were again self-fertilised. From the
seeds thus obtained, plants derived from a cross
Dbetween the self-fertilised plants, and others of the
seventh self-fertilised generation, were raised. Bub
this cross did not do the least good, the intercrossed
plants being inferior in height to the seltfertilised, in
the ratio of 100 to 110. This case is exactly parallel
with that given under Tpomeea, of the grandchildren
of Hero, and apparently of its great-grandchildren ;
for the seedlings raised by intercrossing these plants
were not in any way superior to those of the cor-
respondin »d from the self-fertilised
flowers. Therefore in these several cases the crossing
of plants, which had been self-fertilised for several
generations and which had been cultivated all the
time under as nearly as possible the same conditions,
was not in the least beneficial.

Another experiment was now tried. TFirstly, plants
of the eighth selffertilised gencration were again
self-fertilised, producing plants of the ninth self-
fertilised generation. Secondly, two of the plants of the

generation 1
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eighth self-fertilised generation were intercrossed one
with another, as in the experiment above referred to;
but this was now effected on plants which had been
subjected to two additional generations of self-fer-
tilisation. Thirdly, the same plants of the eighth self-
fertilised generation were crossed with pollen from
plants of a fresh stock brought from a distant garden.
Numerous plants were raised from these three sets of
seeds, and grown in competition with one another.
The plants derived from a cross between the self-fer-
tilised plants exceeded in height by a little the self-
fertilised, viz., as 100 to 92; and in fertility in a greater
. degree, viz.,, as 100 to 73. T do not know whether
this difference in the result, compared with that in the
previous case, can be accounted for by the increased
deterioration of the self-fertilised plants from two
additional generations of self-fertilisation, and the
consequent advantage of any cross whatever, although
merely between the self-fertilised plants. But however
this may be, the effects of crossing the self-fertilised
plants of the eighth generation w ith a fresh stock were
extremely striking ; Tor the seedlings thus raised were
to the self-fertilised of the ninth generation as 100 to
52 in height, and as 100 to 3 in fertility ! They were
also to the intercrossed plants (derived from crossing
two of the self-fertilised plants of the eighth generation)
in height as 100 to 56, and in fertility as 100 to 4.
Better evidence could hardly be desired of the potent
influence of a cross with a fresh stock on plants which
had been self-fertilised for eight generations, and had
been cultivated all the time under mearly uniform
conditions, in comparison with plants self-fertilised
for nine generations continuously, or then once inter-
crossed, namely in the last generation.
(3.) Brassica oleracea.—Some flowers on cabbage
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plants of the second self-fertilised gencration were

rossed with pollen from a plant of the same variety
brought from a distant garden, and other flowers were
again self-fertilised. Plants derived from a cross with
a fresh stock and plants of the third self-fertilised
generation were thus raised. The former were to
the self-fertilised in weight as 100 to 22; and this
enormous difference must be attributed in part to
the beneficial effects of a cross with a fresh stock,
and in part to the deteriorating effects of self-fertilisa~
tion continued during three generations.

(4.) Tberis umbellata. —\ce,dluws from a crimson
English variety crossed by a pnle -coloured variety
which had heen grown for some generations in Algiers,
were to the self-fertilised seedlings from the crimson
variety in height as 100 to 89, and as 100 to 75 in
fertility. I am surprised that this cross with another
variety did not produce a still more strongly marked
beneficial effect; for some intercrossed plants of the

imson English variety, put into competition with
of the same variety self-fertilised during three
generations, were in height as 100 to 86, and in
fertility as 100 to 75. The slightly ereater difference
in height in this latter case, may possibly be attributed
to the deteriorating effects of seli-fertilisation carried
on for two addxtmn(\l generations.

(5.) Eschscholtzia cu]/fmnmz [his plant offers an
almost unique case, inasmuch as the good effects of
a cross are confined to the reproductive system.
Intercrossed and self-fertilised plants of the English
stock did ot differ in height (nor in weight, as far as
was ascertained,) in any constant manmer; the self-
fertilised plants usually having the advantage. So it
was with the offspring of plants of the Brazilian stecl,
tried in the same manner. The parent-plants, however,
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of the English stock produced many more seeds when
fertilised with pollen from another plant than when
self-fertilised; and in Brazil the parent-plants were
absolutely sterile unless they were fertilised with
pollen from another plant. Imtercrossed seedling
raised in England from the Brazilian stock, e mulmod
with self- 1uuhsnd seedlings of the corresponding second
generation, yielded seeds in number as 100 to 89 ; bu!
Tots of plants being left freely exposed to the of
insects. If we now turn to the effects of crossing
plants of the Brazilian stock with pollen from the
English stock,—so that plants which had been long
exposed to very different conditions were intercrossed,
—we find that the offspring were, as before, inferior in
height and weight to the plants of the Brazilian stock
after two generations of self-fertilisation, but were
superior to them in the most marked manner in the
number of seeds produced, namely, as 100 to 40 ; hoth
lots of plants being left freely exposed to the visits of
insects.

In the case of Ipomea, we have seen that the
plants derived from a cross with a fresh stock were
superior in height as 100 to 78, and in fertility as 100
to 51, to the plants of the old stock, although these
had been intercrossed during the last ten generations.
With Eschscholtzia we have a nearly parallel case,
but only as far as fertility is concerned, for the plants
derived from a cross with a fresh stock were superior
in fertility in the ratio of 100 to 45 to the Brazilian
plants, . which had been artificially intercrossed in
England for the two last generations, and which must
have been naturally intercrossed by insects during all
previous generations in Brazil, where otherwise they
are quite sterile.

(6.) Dianthus —caryophyllus—Plants self-fertilised
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for three generations were crossed with pollen from a
fresh stocl, and their offspring were grown in compe-
tition with plants of the fourth self-fertilised genera-
tion. The crossed plants thus obtained were to the
self-fertilised in height as 100 to 81, and in fertility
(both lots being left to be naturally fertilised by
insects).as 100 to 33. .

These same crossed plants were also to the off-
spring from the plants of the third self-fertilised gene-
ration erossed by the intercrossed plants of the cor=
responding generation, in height as 100 to 85, and in
fertility as 100 to 45.

We thus see what a great advautage the offspring:
from a cross with a fresh stock had, not only over the =
self-fertilised plants of the fourth generation, but:
over the offspring from the self-fertilised plants of the
third generation, when crossed by the intercrossed
plants of the old stock.

(7.) Pisum sativum.—It has been shown under the
head of this species, that the several varieties in this
country almost invariably fertilise themselves, owing:
to insects rarely visiting the flowers; and as the
plants have been long cultivated under nearly similar
conditions, we can understand why a cross between =
two individuals of the same variety doesnot do the =
Jeast good to the offspring either in height or fertility. =
This case is almost exactly parallel with that of =
Mimulus, or that of the Ipomeea named Hero; for =
in these two instances, crossing plants which had been:
self-fertilised -for seven generations did not-at all -
benefit the offspring.  On the other hand, a eross
Detween two varieties of the pea causes a marked =
superiority in the growth and vigour of the offspring, =
over the self-fertilised plants of the same varieties,
as shown by two excellent observers. From my own
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observations (not made with great care) the offspring
from erossed varieties were to self-fertilised plants in
height, in one case as 100 to about 75, and in a second
case as 100 to 60.

(8) Lathyrus odoratus—The sweet-pea is in the
same state in regard to self-fertilisation as the common
pea; and we have seen that seedlings from a cross
between two varieties, which differed in no respect ex-
ceptin the colour of their flowers, were to the self-ferti-
lised seedlings from the same mother-plant in height as
100 to 80; and in the second generation as 100 to 8S.
Unfortunately T did not ascertain whether crossing
two plants of the same variety failed to produce any
beneficial effect, but I venture to predict such would
be the result.

(9.)  Petunia violacen.—The intercrossed .plants of
the same stock in four out of the five successive gene-
rations plainly exceeded in height the self-fertilised
plants. The latter in the fourth generation were
crossed by a fresh stock, and the seedlings thus obtained
were put into competition with the self-fertilised plants
of the fifth generation. The crossed plants exceeded
the self-fertilised in height in the ratio of 100 to 66,
and in weight as 100 to 23; but this difference,
though so great, is not much greater than that between
the intercrossed plants of the same stock in comparison
with the self-fertilised plants of the corresponding
generation. This case, therefore, seems at first sight
opposed to the rule that a cross with a fresh stock is
much more beneficial than a cross between individuals
of the same stock. But as with Eschscholtzia, the
reproductive system was here chiefly benefited; for
the plants raised from the cross with the fresh stock
were to the self-fertilised plants in fertility, both lots
being naturally fertilised, as 100 to 46, whereas the
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intererossed plants of the same stock were to the self-
fertilised plants of the corresponding fifth generation
in fertility only as 100 to 86.

Although at the time of measurement the plants
raised from the cross with the fresh stock did not
exceed in height or weight the intercrossed plants of
the old stock (owing to the growth of the former not
having been completed, as explained under the head
of this species), yet they exceeded the intercrossed
plants in fertility in the Tatio of 100 to 54. This fact
is interesting, as it shows that plants self-fertilised
for four generations and then crossed by a fresh stock,
yielded seedlings which were nearly twice as fertile as
those from plants of the same stock which had been
intercrossed for the five previous gemerations. We
here see, as with Eschscholtzia and Dianthus, that the
mere act of crossing, independently of the state of the
crossed plants, has little efficacy in giving increased
fertility to the offspring. The same conclusion holds
good, as we have already seen, in the analogous cases of
Ipomeea, Mimulus, and Dianthus, with respect to height.

(10.) Nicotiana tabacum.—My plants were remark-
ably self-fertile, and the capsules from the self-fertilised
flowers apparently yielded more seeds than those which
were Ci ilised. No insects were seen to visit the
flowers in the hothouse, and I suspect that the stock
on which I experimented had been raised under glass,
and had been sclf-fertilised during several previous
generations ; if so, we can understand why, in the course
of three generations, the crossed seedlings of the same
stock did not uniformly exceed in height the self-ferti-
lised seedlings. But the case is complicated by indi-
vidual plantshaving different constitutions, so that some:
of the crossed and self-fertilised seedlings raised at the
same time from the same parents behaved differently.
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However this may be, plants raised from self-fertilised
plants of the third generation crossed by a slightly
different sub-variety, exceeded greatly in height and
weight the self-fertilised plants of the fourth genera-
tion ; and the trial was made on a large scale. They
exceeded them in height when grown in pots, and not
much crowded, in the ratio of 100 to 66; and when
much erowded, as 100 to 54. These crossed plants, when
thus subjected to severe competition, also exceeded
“the self-fertilised in weight in the ratio of 100 to 37.
So it was, but in a less degree (as may be seen in
Table C), when the two lots were grown out of doors
and not subjected to any mutual competition. Never-
theless, strange as is the fact, the flowers on the
mother-plants of the third self-fertilised generation
did not yield more seed when they were crossed with
pollen from plants of the fresh stock than when they
were self-fertilised.

(11.) Anagallis collina.—Plants raised from a red
variety crossed by another plant of the same variety
were in height to the self-fertilised plants from the
red variety as 100 to 73. When the flowers on the
red variety were fertilised with pollen from a closely
similar blue-flowered variety, t yielded double the
number of seeds to what they did when crossed by
pollen from another individual of the same red variety,
and the seeds were much finer. The plants raised
from this cross between the two varieties were to the
self-fertilised seedlings from the red variety, in height
as 100 to 66, and in fertility as 100 to 6. *

(12) Primula veris—Some flowers on long-styled
plants of the third illegitimate generation were legiti-
mately crossed with pollen from a fresh stock, and
others were fertilised with their own pollen. From
the seeds thus produced crossed plants, and self-
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fertilised plants of the fourth illegitimate generation,
were raised. The former were to the latter in
height as 100 to 46, and in fertility during ‘one
year as 100 to 5, and as 100 to 3-5 during the next
year. In this case, however, we have no means of
Uistinguishing between the evil effects of illegitimate
fertilisation umtmueﬂ during four generations (that is,
by pollen of the same form, but taken from a distinet
»Lm( and strict self-fertilisation. But it is probable
tu,\L these two processes do not differ so essentially as
at first appears to be the case. In the following ex-
periment any doubt arising from illegitimate fertilisa-
fion was completely eliminated.

(13) Prinula veris. (Bqualstyled, red-flowered
i —Tlowers on plants of the second self- fertilised
y sneration were crossed with pollen from a distinet
I stock, and others were again self-
fertilised. Crossed plants and plants of the ‘third self-
fertilised generation, all of legitimate origin, were
thus raised ; and the former was to the latter in height
as 100 to 85, and in fertility judged by the number
of capsules produced, together with the average number
of seeds) as 100 to 11.

Summary of the Measurements in Table C: —This
table includes the heights and often the weights of
292 plants derived from a cross with a nesh stock,
(\ml of 305 plants, either of self-fertilised origin, or
derived from an intercross between plants of the same
stock. These 597 plants belong to thirteen species
and twelve genera. The various precautions which
were taken to ensure a fair comparison have already
been stated. If we now look down the right-hand
column, in which the mean height, \\eicht and
fertility of the plants derived from a cross with
a fresh stock are represented by 100, we shall see:
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by the ofher figutes how wonderfully superior they
are both to the self-fertilised and to the intercrossed
plants of the same stock.  With respect to height and
Wweight, there are only two exceptions to the rule,
namely, with Eschscholtzia and Petunia, and the
Tatter is probably no real exception. Nor do these
two species’ offer an exception in regard to fertility
for the plants derived from the cross with a fresh stoc
. were much more fertile than the self-fertilised plants.
The difference between the two sets of plants in the
fable is generally mueh greater in fertility than in
Teight or weight. On the other hand, with some of
the species, as with Nicotiana, there was no di
in fertility between the two sets, although a great dif-
ference in height and weight. Considering all the
cases in this table, there can be no doubt that plants
profit immensely, though in different ways, by o cross
with a fresh stock or with a distinct sub-vari It
cannot be maintained that the benefit thus derived is
due merely to the plants of the fresh stock being per-
fectly healthy, whilst those which had been long inte
crossed or self-fertilised had become unhealthy ; for in
most cases there was no appearance of such unhealthi-
mness, and we shall see under Table A that the inter-
crossed plants of the same stock are generally superior
to a certain extent to the self-fertilised,—hoth lots
having been subjected to exactly the same conditions
and being equally healthy or unhealthy.

We further learn from Table C, that a cross between
plants that have been self-fertilised during several
successive generations and kept all the time under
niearly uniform conditions, does not henefit the offspring
in the least or only in @ very slight degree. Mimulus
and the descendants of Ipomema named Hero offer
instances of this rule. Again, plants self-fertilised

rence
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during several generations profit only to a small extent
by a with intercrossed plants of the same stock
(as in the case of Dianthus), in comparison with the
effects of a cross by a fresh stock. Plants of the same
stock intercrossed during several generations (as with
Petunia) were inferior in a marked manner in fertility
to those derived from the corresponding self-fertilised
plants crossed by a fresh stock. Lastly, certain plants

which are regularly intercrossed by insects in a state -

of nature, and which were artificially crossed in each
succeeding gener

jon in the course of my experi-
ments, so that they can mever or most ra ely have
suffered any evil from self-fertilisation (as with Esch-
scholtzia and Tpomea), nevertheless profited greatly
by a cross with a fresh stock. These several cases
taken together show us in the clearest manner that it
is not the mere crossing of any two individuals which
is beneficial to the offspring. The benefit thus derived
depends on the plants which are united differing in some
manner, and there can hardly be a doubt that it is
in the constitution or nature of the sexual elements.
Anyhow, it is certain that the differences are not of an
external nature, for two plants which resemble each
other as closely as the individuals of the same species
ever do, profit in the plainest manner when inter-
crossed, if their progenitors have been exposed during
several generations to different conditions. But to this
latter subject I shall have to recur in a future chapter.

TABLE A.

We will now turn to our first table, which- re-
lates to crossed and self-fertilised plants of the same
stock” These consist of fifty-four species belonging to
thirty natural ordel The total number of crossed
plants of which measurements are given is 796, and
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of self-fertilised plants 809; that is altogether 1,605
plants.  Some of the species were experimented on
during several successive generations; and it should
be borne in mind that in such cases the crossed plants
in each generation were crossed with pollen froni
another crossed plant, and the flowers on the self-
fertilised plants were almost always fertilised with
their own pollen, though sometimes with pollen from
other flowers on the same plant. The crossed plants thus
became more or less closely inter-related in the later
generations ; and both lots were subjected in each ge-
neration to almost absolutely the same conditions, and
to nearly the same conditions in the successive gene-
rations. It would have been a better plan in some re-
spects if Thad always crossed some flowers either on the
self-fertilised or intercrossed plants of each generation
with pollen from a non-related plant, grown under dif-
ferent conditions, as was done with the plants in Table
C; for by this procedure I should have learnt how much
the offspring became deteriorated through continued
self- mmmuon in the successive generations. As the
case stands, the self-fertilised plants of the sucee
generations in Table A were put into competition with
and compared with intercrossed plants, which were
probably deteriorated in some degree by being more
or less inter-related and grown under similar conditions.
Nevertheless, had T ALl“(\\s followed the plan in Table
C, I should not have discovered the important fact
that, although a cross between plants which are rather
closely related and which had been subjected to
closely similar conditions, gives during several genera-
tions some advantage to the offspring, yet that after a
time they may be intercrossed with no advantage what-
ever to the offspring. Nor should T have learnt that
the self-fertilised plants of the later generations might

ve
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be crossed with intercrossed plants of the same stoclk
with little or no advantage, although they profited to
an extraordinary degree by a cross with a fresh stock.
With respeet to the greater number of the plants
in Table A, nothing special need here be said; full
particu may be found under the head of each
species by the aid of the Index. The figures in the
\t-hand column show the mean height of the self- -
fertilised plants, that of the crossed plants with which
they competed being represented by 100. No notice
is here taken of the few cases in which crossed and
self-fertilised plants were grown in the open ground,
so as not to compete together. The table includes,
as we have seen, plants belonging to fifty-four species,
but 2

some of these were measured during several
.cssive generations, there are eighty-three cases in
which crossed and self-fertilised plants were compared.
As in each generation the number of plants which
were measured (given in the table) was never very large
and sometimes small, whenever in the right-hand
column the mean height of the crossed and self-fertilised
plants is the same within five per cent., their heights
may be considered as practically equal. = Of such cases,
that is, of self-fertilised plants of which the mean
height is expressed by figures between 95 and 105,
there are eighteen, either in some one or all the gene-
rations. There are eight cases in which the self-
fertilised plants exceed the crossed by above five per
cent., as shown by the figures in the right-hand column
being above 105. Lastly, there are fifty-seven cases
in which the ed plants exceed the self-fertilised in
a ratio of at least 100 to 95, and generally in a much
higher degree.

Tf the relative heights of the crossed and self-fertilised
plants had been due to mere chance, there would have
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been about as many cases of self-fertilised plants
exceeding the crossed in height by above five per cent.
as of the crossed thus exceeding the self-fertilised ; but
we see that of the latter there are fifty-seven cases, and
of the former only eight cases; so that the cases in
which the crossed plants eed in height the self-

fertilised in the above proportion are more than seven

times as numerous as those in which the self-fertilised
exceed the crossed in the same proportion. For our
special purpose of comparing the powers of growth
of crossed and self-fertilised plants, it may be said
that in fifty-seven cases the crossed plants exceeded
the self-fertilised by more than five per cent., and that
in twenty-six cases (18+4-8) they did not thus exceed
them. But we shall now show that in several of these
twenty-six cases the c d plants had a decided ad-
vantage over the self-fertilised in other respects, thongh
not in height; that in other cases the mean heights
are not trustworthy, owing to too few plants having
been measured, or to their having grown unequally
from being unhealthy, or to both causes combined.
Nevertheless, as these cases are opposed to my general
conelusion I have felt bound to give them. Lastly, the
cause of the crossed plants having no advantage over
the self-fertilised can be explained in some other cases.
Thus a very small residue is left in which the self-
fertilised plants appear, as far as my experiments
serve, to be really equal or superior to the cro;
plangs.

‘We will now consider in some little detail the eigh-
feen cases in which the self-fertilised plants equalled
in average height the crossed plants within five per
cent. ; and the eight cases in which the self-fertilised
plants exceeded in average height the crossed plants
by above five per cent.; making altogether twenty-six
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cases in which the crossed plants were not taller than
the self-fertilised plants in any marked degree.

(L) Dimtus curyeplyllus (fhird generation)—This plant was
ex ented on during four generations, in three of which the:

rossed plants exceeded in height the self-ertilised gonorally Byl
much more than five per cent.; and we have seen under Table
C that the offspring from the plants of the third self-fertilised
encration crossed by a fresh stock profited in height and fer-
tility to an extraordinary degree. But in this third generation:
the crossed plants of the same stock were in height to the self~
fertilised only as 100 to 99, that is, they were practically equal.
Nevertheless, when the eight crossed and eight self-fertilised
plants were cut down and weighed, the former were to the latter
in weight as 100 to 49! There can therefore be not the leash
donbt that the crossed plants of this species are greatly superior
i ilised ; and what was the
cause of the self-fertilised plants of the third generation, though
s0 light and thin, growing up so as almost to equal the crossed
in hieight, T cannot explain.

(2.) Lobelin fulgens (first generation).—The crossed plants of
this generation were much inferior in height to the self-fertilised,
in the proportion of 100 to 127. Although only two pairs were
measured, which is obviously much too few to be trusted,
yet from other evidence given under the head of this species,
it is certain that the self-fertilised plants were very much
more vigorous than the crossed. As I used pollen of unequal

y fi ng and selfertilising the parent-plants it s
possible that the great difference in the growth of their offspring
may have been due to this cause. In the next generation this
source of error was avoided, and many more plants were raised,
and now the average height of the twenty-three crossed plants
was to that of the twenty-three self-fertilised plants as 100 to 91.
We can therefore hardly doubt that a cross is beneficial to this
spec

(3.) Petunia violacea (third generation).—Eight crossed plants
were to eight self-fertilised of the third generation in average
beight as 100 to 131; and at an carly age the crossed were
inferior even in a still higher degree. But it is a remarkable
fact that in one pot in which plants of both lots grew extremely
crowded, the crossed were thrice as tall as the seli-fertilised. As
in the two preceding and two succeeding generations, as well as
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with plants raised by a cross with a fresh stack, the crossed
greatly exceeded the self-fertilised in height, weight, and fextility
(when these o latter points were attended to), the present case
must be looked at as an anomaly not affecting the general rule.
The most probable explanation is that the seeds from which
the seli-fertilised plants of the third generation were raised
were not well ripened; for I have observed an analogous case
<with Theris. Self-fertilised seedlings of this latter plant, which
swere known to have been produced from seeds not well matured,
grew from the first much more quickly than the crossed plants,
which were raised from better matured seeds; so that having
#hus onee got a great start they were enabled ever afterwards to
retain their advantage. Some of these same seeds of the Tberis
were sown on the opposite sides of pots filled with burnt earth
and pure sand, not containing any organic matter; and now the
young crossed seedlings grew during their short life to double
e height of the seli-fertilised, in the same mammer as occurred.
with the above two sets of seedlings of Petunia which were much
crowded and thus exposed fo very unfavourable conditions. We
have seen also in the eighth generation of Tpomeea that self-
fertilised seedlings raised from unhealthy parents grew at fivst
very much more quickly than the crossed seedlings, so that they
were for @ long time much taller, though ultimately beaten by
then.

(4, 5, 6.) Escliscloltzia californica—Four sets of measure-
ments are given in Tablo A. In one of these the crossed plants
exceed the self-fertilised in average height, so that this is not
one of the exceptions here to be considered. In two other
cases the crossed equalled the self-fertilised in height within five
per cent. ; andin the fourth case the self-fertilised exceeded the
crossed by above this limit. We have scen in Table O that the
wwhole advantage of a cross by @ fresh stock is confined to ferti-
Tity, and 5o it was with the infercrossed plants of the same stock
compared with the self-fertilised, for the former were in fertility
1o the latter as 100 to 89. The intercrossed plants thus have at
least one important advantage over the seli-fortilised. Moreover,
the flowers on the parent-plants when fertilised with pollen from
another individual of the same stock yield far more seeds than
when self-fertilised ; the flowers in this latter case being often
quite sterile. We may therefore conclude that a cross does some
wood, though if does not give to the crossed secdlings increased
powers of growth.
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(7.) Viscaria oculata.~The average height of the fifteen infer-
erossed plants to that of the fifteen self-fertilised plants was only:
25100 to 975 But the former produced many more capsules than
the latter, in fhe ratio of 100 to 77. Moreover, the flowers on the
parent-plants which were crossed and self-fertilised, yielded sceds
on one occasion in the proportion of 100 to 88, and on a second
occasion in the proportion of 100 to 58. So that there can'be
o doubt about the beneficial effects of a cross, although the
mean height of the crossed plants was only three per cent. above
that of the self-fertilised plants.

(8) Specularia speculum.—Only the four tallest of the crossed
and the four tallest of the self-fertilised plants, growing in four
Pots, were measured ; and the former were to the latter in height
25100 t0 98, Tn all four pots a-crossed plant flowered before
any ono of the self-fertilised plants, and this is usually a safe
indication of some real superiority in the crossed plants. The
flowers on the parent-plants which were crossed with pollen from
another plant yielded seeds compared with the self-fertilised
flowers in the Tatio of 100 to 72. We may therefore draw the
same conclusion as in the last case with respect to a cross being
decidedly bencficial.

(9.) Borago ofiicinalis—Only four crossed and four self-
fertilised plants were taised and measured, and the former were
to the latter in height as 100 to 102. So small a number of
measurements ought never to be tr
stance the advantage of the self-fertilised over the crossed plants
depended almost entirely on one of the self-fertilised plants
having grown to an unusual height. All four crossed plants
flowered before their self-fertilised opponents. The cross-
fortilised flowers on the parent-plants in comparison with the
self-fertilised flowers yielded seeds in the proportion of 100 to 60.
So that here again we may draw the same conclusion as in the
two last cases.

(10) Passifiora gracilis—Only two crossed and two self-
fortilised plants were raised ; and the former were to the latter in
height as 100 to 104, On the other hand, fruits from the cross-
fortilised flowers on the parent-plants contained seeds in number,
compared with those from the self-fertilised flowers, in the pro-
portion of 100 to 85.

(11) Phaseolus multiflorus.—The five crossed plants were o
the five self-fertilised in height as 100 to 96. Althongh the
crossed plants were thus only four per cent. taller than the
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self-fertilised, they flowered, in both pots before them. Tt is
therefore probable that they had some real advantage over the
self-fertilised plants.

(12.) Adonis astiyalis—The four crossed plants were almost
exactly equal in height to the four self-fertilised plants, but as

&0 few plants were measured, and as these were all “ miserably
unhealthy,” nothing can be inferred with safety with respect to
their relative height;

(13.) Bartonia aurer.—The eight crossed plants were to the
eight self-fertilised in height as 100 to 107. This number of
plants, considering the care with which they were raised and
compared, ought to have given a trustworthy result. But from
some unknown cause they grew very unequally, and they be-
came so unhealthy that only three of the crossed and three
of the self-fertilised plants set any seeds, and these few in
number. Under these eireumstances the mean height of neither
lot can be trusted, and the experiment is valueless, The cross-
fortilised flowers on the parent-plants yielded rather more seeds
than the self-fertilised flowers.

(14) Thunbergia alata.—The six crossed plants wero to the
six self-fertilised in height as100 to 108. Here the self-fertilised
plants seem to have a decided advantage; but both lots grew
unequally, some of the plants in both being more than twice as
fall as others. The parent-plants also were in an odd semi-
sterile condition. Under these circumstances the superiority of
the selffertilised plants cannot be fully trusted.

(15,) Nolana prostrata.—The five crossed plants were to the five
self-fertilised in height as 100 to 105; so that the latter scem
Tere to have a small but decided advantage. On the other hand,
the flowers on the parent-plants which were cross-fertilised
produced very many more capsules than the self-fertilised flower
in the ratio of 100 to 21; and the seeds which the former con-
fained were heavier than an equalmumber from the self-fertilised
capsules in the ratio of 100 to 82.

(16.) Habisous africanus—Only four pairs were raised, and the
crossed were to the selfertilised in height as 100 to 109.
Tixcepting that too few plants were measured, T know of nothing

* Glse to cause distrust in the result. The cross-fertilised
flowers on the parent-plants were, on the other hand, rather
more productive than the self-fertilised flowers.

(17.) Apium petroselinum—A few plants (aumber not re-
corded) derived from flowers believed to have been crossed by
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insects and a few self-fertilised plants were grown on the oppo
sides of four pots. They attained to a nearly equal height, the
crossed having a very slight advantage.

(18)) Vandellia nummularifolia—Twenty crossed plants raised
from the seeds of perfect flowers were to twenty self-fertilised
plants, likewise raised from the sceds of perfect flowers, in height =
as 100 to 99. The experiment was repeated, with the sole
difference that the plants were allowed to grow more crowded;:
and now the twenty-four tallest of the crossed plants were fo
the twenty-four tallest self-fertilised plants in height as 100 to -
94, and in weight as 100 to 97. Moreover, a larger number of the
crossed than of the self-fertilised plants grew to asmoderate
height. The above-mentioned twenty crossed plants were
grown in competition with twenty self-fertilised plants raised.
from the elosed or cleistogene flowers, and their heights were a8
100 to 94. Therefore had it not been for the first trial, in which
the crossed plants were to the self-fertilised in height only as =
100 to 99, this species might have been classed with those in-
\which the crossed plants exceed the self-fertilised by above fie:
per cent. On the other hand, the crossed plants in the second
trial hore fewer capsules, and these contained fewer seeds,
did the self-fertilised plants, all the capsules having bee
produced by cleistogene flowers. The whole case therefore mu
be Teft doubtful.
(19.) Pisum sativum (common pea)—Four plants derived from
2 cross between individuals of the same variety were in height =
to four self-fertilised plants belonging to the same variety as100
0115, Although this eross did no good, we have seen under
Table C that a cross between distinet varicties adds greatly
the height and vigour of the offspring ; and it was there explained
that the fact of a eross between the individuals of the same variety
not being beneficial, is almost certainly due to their having been
sclf-fertilised for many generations, and in each gener:
grown under nearly similar conditions.

(20, 21, 22)) Canna warscewiczi—Plants belonging to three
generations wero observed, and in all of three the crossed were
approximately equal to the self-fertilised ; the average height of
the thirty-four crossed plants being to that of the same num
of self-fertilised plants as 100 to 101 Thereforo the erossed:
. plants had no advantage over the self-fertilised ; and it is pro~

bable that the same explanation here holds good as in the case
of Pisum sativum; for the flowers of this Canna ave perfectiy
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self-fortile, and were never seen to be visited by insects in the
hothouse, 50 as o be crossed by them. - This plant, moreover,
has been cultivated under glass for several generations in pots,
and therefore tnder nearly uniform conditions. The capsules
produced by the cross-fertilised flowers on the above thirf
crossed plants contained more seeds than did the capsules
produced by the self-fertilised flowers on the self-fertilised plants,
in he proportion of 100 to 8; so that in this respect crossing
was beneficial.

(23) Primula sinensis—The offspring of plants, some of
which were legitimately and others illegitimately fertilised with
pollen from a distinet plant, were almost exactly of the same
height as the offspring of self-fertilised plants; but the former
with rare exceptions flowered before the latter. I have shown
in my paper on dimorphic plants titat this species is commonly
Taised in England from self-fertilised sced, and the plants from
having been cultivated in pots have been subjected to nearly
uniform conditions. Moreover, many of them are now varying
and changing their character, £o as to become in a greater or
less degree equal-styled, and in consequence highly self-fertile.
Therefore 1 believe that the cause of the crossed” plants mot
exceeding in height the self-fertilised is the same s in the two
previous cases of Pisum sativum and Canna.

(24,95, 26.) Nicotiana tabacum.—Four sefs of measurements
swere mado; in one, the self-fertilised plants greatly exceeded in
Teight the crossed, in two others they were approximately equal
to the erossed, and in the fourth were beaten by them; but this
Iatter caso does mot here concern us. The individual plants
differ in constitution, so that the descendants of some profit by
their parents having been intercrossed, whilst others do not.
Taking all three generations together, the twenty-seven crossed
plants were in height to the twenty-seven self-fertilised plants as
100 to 96. 'his excess of height in the crossed plants, is so
small compared with that displayed by the offspring from the
same mother-plants when crossed by a sli
that we may suspect (as explained under Table C) that most of
the individuals belonging fo the varicty which served as the
mother-plants in my experiments, had acquired a ne :
constitution, so as not to profit by being mutually intel e

Reviewing these twenty-six cases, in which the
crossed plants either do not exceed the self-fertili
13
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by above five per cent. in height, or are inferior to
them, we may conclude that much the greater number
of the cases do not form real exceptions to the rule,
—that a cross between two plants, unless these have
been self-fertilised and exposed to nearly the same
conditions for many generations, gives a great
" advantage of some kind to the offspring. Of the
twenty-six cases, at least two, namely, those of Adonis
and Bartonia, may be wholly excluded, as the trials
worthless from the extreme unhealthiness of the
plants. In twelve other cases (three trials with Bsch-
scholtzia here included) the crossed plants either were
superior in height to the self-fertilised in all the other
generations excepting the one in qu stion, or they
showed their superiority in some different manner, as
in weight, fertility, or in flowering first; or again, the
ertilised flowers on the mother-plant were much
more productive of seed than the self-fertilised.
Deducting these fourteen cases, there remain twelve
in which the crossed plants show no well-marked
advantage over the self-fertilised. On the other hand,
we have seen that there are fifty-seven cases in which
the crossed plants exceed the self-fertilised in height
by at least five per cent., and generally in a much
higher degree. But even in the twelve cases just,
referred to, the want of any advantage on the crossed
side is far from certain: with Thunbergia the parent-
were in an odd semi-sterile condition, and the
pring grew very unequally; with Hibiscus and
Apium much too few plants were raised for the measure-
ments to be trusted, and the cross-fertilised flowers of:
Hibiscus produced rather more seed than did the self-
fertilised ; with Vandellia the crossed plants were a
little taller and heavier than the self-fertilised, but as
they were less fertile the case must be left doubtful.

wer
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Lastly, with Pisum, Primula, the three generations of
Canna, and the three of Nicotiana (which together
complete the twelve cases); a cross between two plants
certainly did no good or -very little good to the off-
spring ; but we have reason to believe that this is the
result of these plants having been self-fertilised and
cultivated under nearly uniform conditions for several
generations. The same result followed with the experi-
mental plants of Tpomeea and Mimulus, and to a certain
extent with some other species, which had been inten-
tionally treated by me in this manner; yet we know that
these species in their normal condition profit greatly by
being intercrossed. There is, therefore, not a smnlc
case in Table A which affords decisive evidence against
the rule that a cross between plants, the progenitors of
which have heen subjected to somewhat diversified
conditions, is beneficial to.the offspring. This is a
surprising conclusion, for from the analogy of domesti-
cated animals it could not have been anticipated, that
the good effects of crossing or the evil effects of self-
fertilisation would have been perceptible until the
plants had been thus treafed for several generations.

The results given in Table A may be looked at
under another point of view. Hitherto each genera-
tion has been considered as a separate case, of which
there are eighty-three ; and this no doubt is the more
correct method of comparing the crossed and self-
fertilised plants.

But in those cases in which plants of the same
species were observed during several generations, a
general average of their heights in all the generations
together may be made; and such averages are
given in Table A ; for instance, under Ipomcea the
goneml average for the plauh of all ten generations
is as 100 for the crossed, to 77 for the self-fertilised

© The Complete Work of Charles Darwin Online



282. SUMMARY OF MEASUREMENTS.  Ciar, VIL

plants. This having been done in each case in which:
more than one generation was raised, it is easy to
calculate the average of the average heights of the
crossed and self-fertilised plants of all the speeies
included in Table A. Tt should however be observed
that as only a few plants of some species, whilst a
considerable number of others, were measured, tha

value of the mean or average heights of the several

species is very different. Subject to this source of
error, it may be worth while to give the mean of the
mean heights of the fifty-four species in Table A ; and,
the result is, calling the mean of the mean heights
of the crossed plants 100, that of the self-fertilised
plants is 87. But it is a better plan to divide the
fifty-four species into three groups, as was done with
the previously given eighty-three cases. The first
group consists of species of which the mean heights
of the self-fertilised plants are within five per cent.
of 100; so that the crossed and self-fertilised plants
are approximately equal; and of such species there =
are twelve about which nothing need be said, the
mean of the mean heights of the self-fertilised being
of course very mearly 100, or exactly 99-58." The
second group consists of the species, thirty-seven in
number, of which the mean heights of the crossed
plants exceed that of the self-fertilised plants by
more than five per cent.; and the mean of their
mean heights is to that of the self-fertilised plants
as 100 to 78. The third group consists of the species,
only five in number, of which the mean heights of
the self-fertilised plants exceed that of the crossed by

more than five per cent.; and here the mean of the

mean heights of the crossed plants is to that of the
self-fertilised as 100 to 109. Therefore if we exclude
the species which are approximately equal, there are

© The Complete Work of Charles Darwin Online




Cmar. VIL . TABLE B. '9283

thirty-seven species in which the mean of the mean
heights of the crossed plants exceeds that of the self-
fertilised by twenty-two per cent.; whereas there are
only five species in which the mean 'of the mean heights
of the self-fertilised plants exceeds that of the erﬂsﬁml
and this only by nine per cent.
The truth of the conclusion-—that the good effects of
a cross depend on the plants having been subjected
to different conditions or to their belonging to differ-
ent, yarieties, in both*of which cases they. would almost
certainly differ somewhat in constitution—is supported
by a comparison of the Tables A and C. The latter
table gives the results of crossing plants with a fresh
stock or with o distinct variety ; and the superiority of
the crossed offspring over the self-fertilised is here
much more general and much more strongly marked
than in Table A, in which plants of the same stock
. were crossed. We have just seen that the mean of the,
mean heights of the crossed plants of the whole fift;
four species in Table A is to that of the self-fertilised
* plants as 100 to 87; whereas the mean of the mean
heights of the plants crossed by a fresh stoclk is to that
of the self-fertilised in Table C as 100 to 74. So that
the crossed plants beat the self-fertilised plants by
thirteen per cent. in Table A, and by twenty-six per
cent., or double as much, in Table C, which includes
the results of a cross by a fresh stock.

TABLE B.

A few words must be added on the weights of
the crossed plants of the same stock, in comparison
with the self-fertilised. Eleven cases are given in
Table B, relating to eight species. The number of
plants. which were weighed is shown in the two left
columns, and their relative” weights in the right
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column, that of the crossed plants being taken: as
100. A few other cases have already been recorded
in Table C in reference to plants crossed by a fresh
1 regret that more trials of this kind were not
lence of the superiority of the crossed *
over the self-fertilised plants is thus shown in a more
conclusive manner than by their relative heights. But
this plan was not thought of until a rather late period,
and there were difficulties in the way, as the seeds
Tad to be eollected when ripe, by whichtime the plants
had often begun to wither. In only one out of the
eleven s in Table B, that of I\th(*hulun, do the
sell-fertilised plants exceed the crossed in w
we have already seen they are likewise supe
in height, though inferior in fertility, the whole ad-
vantage of a cross being here confined to the repro-
ductive tem. With Vandellia the crossed plants
were a little heavier, as they were also a little taller
than the self-fortilised ; but as a greater number of
productive capsules, were produced by the cleis-
\e flowers on the self-fertilised plants than by *
those on the crossed plants, the case must be left, as
remarked under Table A, altogether doubtful. The
crossed and self-fertilised offspring from a partially
self-sterile plant of Reseda odorata were almost equal
in weight, though not in’height. In the remaining
eight cases, the crossed plants show a wonderful
superiority over the self-fertilised, being more than
double their weight, except in one case, and here
the ratio is as hlnl\ as 100 to 67. The results thus
deduced from the weights of the plants confirm in a
striking manner the former evidence of the heneficial
effects of a cross between two plants of the same stock 3
and in the few cases in which plants derived from a
cross with a fresh stock were weighed, the rcmlts are
similar or even more striking. x

stock.

made, as the
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CHAPTER VIIL

DiFreRENCE BETWEEN Cro LLP-FERTILISED PLANTS 1IN
(CONSTITUTIONAL VIGOUR AND IN OTHER RESPECTS,

Grm.ler constitutional vigour of crossed plants—The effects of great
owding—Competition with other kinds of plants—Self-fertil
plams more liable fo prematuro death—Crossed plants generally

flower before the self-
flowers on the same plant—Cases nhacnh-l
good effects of a cross to later generations—
plants of clos:
on plants se
under simi

smission of the
ffects of crossing
vt parentage—Uniform colour of the flowers
fertilised during several generations and culiivated
r conditions.

Gireater constitutional Vigowr of erossed Plants—As in
almost all my experiments an equal number of crossed
and selffertilised seeds, or more commonly seedlings
just beginning to sprout, were planted on the oppo-
site sides of the same pots, they had to compete
with one another ; and the greater height, weight, and
fertility of the crossed plants may be attributed to
their possessing greater innate constitutional vigour.
Generally the plants of the two lots whilst very young
were of equal height; but afterwards the crossed
gained insensibly on their opponents, and this shows
that they possessed some inherent superiority, though
not displayed at a very early period of life. There
were, however, some conspicuous exceptions to the
rule of the two lots being at first equal in height ; thus
the crossed seedlings of the broom (Sarothamnus
scopar uts) when under three inches in height were more
than twice as tall as the self-fertilised plauts
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After the crossed or the self-fertilised pluits had
once grown decidedly taller than their opponents, a
still increasing adyantage would tend to follow
from the stronger plants robbing the weaker ohes
of nourishment and overshadowing them. This was
evidently the case with the crossed plants of Viola tris
color, which ultimately quite overwhelmed the self= =
fertilised. But that the crossed plants have an inherent
superiority, independently of competition, was some- .
times well shown when both . lots were planted =
separately, not far distant from one another, in good
soil in the open ground. This was likewise shown in
ses, even with plants growing in close compe- -
tition with one another, by one of the self-fertilised
plants exceeding for a time its crossed opponent, which
had been injured by some accident or was at first
y, but being ultimately conquered by it. The
plants of the eighth generation of Ipomeea were raised
from small seeds produced by unhealthy parents, and
the self-fertilised plants grew at first very rapidly,
so that when the plants of both lots were about three
feet in height, the mean height of the crossed to that
of the self-fertilised was as 100 to 122; when they
were about six feet high the two lots were very nearly =
equal, but ultimately when between eight and nine feet,

in height, the crossed  plants asserted their usual
superiority, and were to the self-fertilised in height as
100 to 85. %

The constitutional superiority of the crossed over the |
self-fertilised plants was proved in another way in the
third generation of Mimulus, by self-fertilised seeds
being sown on one side of a pot, and after a certain
interval of time crossed seeds on the opposite side. The:
self-fertilised seedlings thus had (for I ascertained that

_ the seeds germinated simultaneously) a clear advantage
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over the crossed in the start for the race. - Nevertheless
they were easily beaten (as may be seen under the
head of Mimulus) when the crossed seeds were sown
two whole days after the self-fertilised. But when the
interval was four days, the two lots were nearly equal
throughout life. Even in this latter case the crossed
plants still possessed an inherent advantage, for after
both ‘lots had grown to their full height they were
cut down, and without being disturbed were transferred
to a larger pot, and when in the ensuing year they
had again grown to their full height they were
-measured ; and now the tallest crossed plants were to
the tallest self-fertilised plants in height as 100 to 75
and in fertility (i.e., by weight of seeds produced by an
equal number of capsules from both lots) as 100 to 34.

My usual method of proceeding, namely, to plant
several pairs of crossed and self-fertilised seeds in an
equal state of germination on the opposite sides of the
same pots, so that the plants were subjected to
moderately severe mutual competition, was I think
the best that could have heen followed, and was a fair
test of what occurs in a state of nature. For plants
sown by nature generally come up crowded, and are
almost always exposed to very severe competition
with one another and with other kinds of plants. This
latter consideration led me to make some trials, chiefly
but not exclusively with Ipomcea and Mimulus, by
sowing crossed and self-fertilised seeds on the oppo ito
sides of large pots in which other plants had long been
growing, or in the midst of other plants out of doors.
The seedlings were thus subjected to ver vere
competition with plants of other kinds; and in all
such cases, the crossed seedlings exhibited a great
superiority in their power of growth over the self-
fertilised.
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After the germinating seedlings had been planted
in p‘ma on t].\«, opposite sides of several pots, the
remaining seeds, whether or notin a state of germina-
tion, were in most cases sown very thickly on t].\e two
sides of an additional large pot ; so that the seedlings
came up extremely crowded, and were subjected to

extremely severe competition and unfayourable condi-

tions. In such cases the crossed plants almost invari-
ably showed a greater superiority over the self-fertilised,
than did the plants which grew in pairs in the pots.
Sometimes crossed and self-fertilised seeds were
sown in separate rows in the open ground, which was

Lkept clear of weeds; so that the seedlings were not
subjected to any competition with other kinds of
. plants. Those however in each row had to struggle
with the adjoining ones in the same row. When fully
grown, several of the tallest plants in each row were
selected, measured, and- compared. The result was
in several cases (but not so invariably as might have
been expected) that the crossed plants did not exceed:
in height the self-fertilised in nearly so great a degree
as when grown in pairs in the pots. Thus with the
plants of Digitalis, which competed together in pots, the
crossed were to the self-fertilised in height as 100 to
70; whilst those which were grown separately were only

as 100 to 85. Nearly the same result was observed -

with Brassica. With Nicotiana the crossed were to
the self-fertilised plants in height, when grown
extremely crowded  together in pots, as 100 to 543
when grown much less crowded in pots as 100 to 66,
and when grown in the open ground, so as to be sub-
jected to but little competition, as 100 to 72. On the
other hand with Zea, there was a greater difference in
height between the crossed and self-fertilised plants
growing m\t of doors, than between the pairs which
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grew in pots in the hothouse; but this may be
attributed to the self-fertilised plants being more
stender, so that_they suffered more than the crossed,
when both lots were exposed to a cold and wet summer.
Lastly, with one out of two series of Reseda odorata,
grown out of doors in rows, as well as with Beta
vulgaris, the crossed plants did not at all exceed the self-
fertilised in height, or exceeded them by a mere trifle.

The innate power of the crossed plants to resist
unfayourable conditions far better than did the self-
fertilised plants, was shown on two occasions in a
curious manner, namely, with Iheris and in the third
generation of Petunia, by the great superiority in
height of the crossed over the self-fertilised scedlings,
when both setswere grown under extremely unfavourable
conditions; whereas owing to special circumstances
exactly the reverse occurred with the plants raised from
the same sceds and grown in pairs in pots. A nealy

analogous case was observed on two other occasions
with plants of the first generation of Nicotiana.

The crossed plants always withstood the injurious
effects of being suddenly removed into the open air
after having been kept in the greenhouse better than
did the self-fertilised. On several occasions they also
resisted much better cold and intemperate weather.
This was manifestly. the case with some crossed and
self-fertilised plants of Tpomea, which were suddenly
moved from the hothouse to the coldest part of.a cool
greenhouse. The offspring of plants of the eighth
self-fertilised generation of Mimulus crossed by a fresh
stock, survived a frost which killed every single self-
fertilised and intercrossed plant of the same old stock.
Nearly the same result followed with some crossed and
self-fertilised plants of Viola #ricolor. Even the tips
of the shoots of the crossed plants of Sarothamnus
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scoparius were not touched by a very severe winter ;-
whereas all the self-fertilised plants were_ killed half-
way down to the ground, so that they were not able to
flower during the next summer. Young crossed
Seedlings of Nicotiana withstood a cold and ‘we
summer much better than the self-fertilised seedlings.
I have met with only one exception to the rule of
crossed plants being hardier than the self-fertilised :
three long rows of Eschscholtzia plants, isting of
- crossed seedlings from a fresh stock, of intererossed
seedlings of the same stock, and of self-fertilised ones,

were left unprotected during a severe winter, and all =

perished except two of the sel-fertilised. But this
case is not so anomalous as it at first appears, for it
should be remembered that the self-fertilised plants
of Eschscholtzia always grow taller and are-heavier
than the crossed ; the whole benefit of a cross with this
species being confined to increased fertility.
Tndependently of any external cause which could®
be detected, the self-fertilised plants were more liable =
to premature death than were the crossed; and this
seems to me a curious fact. Whilst the seedlings
were very young, if one died its antagonist was pulled -
up and thrown away, and I believe that many more of -
the self-fertilised died at this early age than of the
crossed ; but I neglected to keep any record. With
Beta vulgaris, however, it is certain that a large number
of the self-fertilised seeds perished after germinating:
beneath the ground, whereas the crossed seeds sown at
the same time did not thus suffer. When a plant
died at a somewhat more advanced age the fact was
recorded ; and T find in my notes that out of several
hundred plants, only seven of the crossed died, whilst
of the self-fertilised at least twenty-nine were thus
Jost, that is more than four times as many. Mr. Galton,

© The Complete Work of Charles Darwin Online



Cuar. VIIL OF THE CROSSED PLANTS. 291

after examining some of my tables, remarks : It is very
evident that the columns with the self-fertilised plants
include the larger number of exceptionally small
plants ;” and the frequent presence of such puny plants
10 doubt stands in close relation with their liability to
premature death. The self-fertilised plants of Petunia
completed their growth and began to wither sooner
than did the intercrossed plants; and these latter
considerably before the offspring from a cross with a
fresh stock.

Period of Flowering.—In some cases, as with Digitalis,
Dianthus, and Reseda, a larger number of the crossed
than of the self-fertilised plants threw up flower-stems ;
but this probably was merely the result of their greater
power of growth ; for in the first generation of Lobelia
fulgens, in which the self-fertilised plants greatly
ceeded in height the crossed plants, some of the latter
failed to throw up flower-stems. With a large number
of species, the crossed plants exhibited a well-marked
tendency to flower before the self-fertilised ones
growing in the same pots. It should however be
remarked that no record was kept of the flowering of
many of the species; and when a record was kept,
the flowering of the first plant in each pot was alone
observed, although two or more pairs grew in the same
pot. I will now give three lists,—one of the species
in which the first plant that flowered was a crossed
_one,—a second in which the first that flowered was a
self-fertilised plant,—and a third of those which
flowered at the same time.

Sppecies, of which the first Plants that flowered were
of Crossed Parentage.
Zpomaa purpurea.—T record in my notes that in all ten genera-
tions many of the crossed plants flowered before the self-
fertilised ; but no details were kept.
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Mimulus luteus (First Generation).—Ten flowers on the crossed
plants were fully expanded before one on the self-fertilised,

Mimulus lutens (Second and Third Generation).—In both theso
generations a crossed plant flowered before one of the sélf:
fertilised in all three p

Mimulus luteus (Fifth Generation)—In all three pots a crossed:
plant flowered first; yet the seli-fertilised plants, which
Delonged to the mew tall variety, were in height to the ==
crossed as 126 to 100.

Mimulus luteus—Plants devived from a cross with a fresh stock
as well as the intercrossed plants of the old stock, flowered
Defore the self-fertilised plants in nine out of the ten pots.

Sulvia coccinea—A crossed plant flowered before any one of the
self-fortilised in all three pots.

Origanum vulgare—During two successive seasons several

rossed plants flowered before the self-fertilised. E

Brassica oleracen (First Generation)—All the crossed plants,
growing in pots and in the open ground flowered first.

Brassica oleracea (Second  Generation).—A crossed plant int
fhree out of the four pots flowered before any one of the
self-fertilised. Lol

Tberis wmbellata.—In both pots a crossed plant flowered first.

Eschscloltzia californica—Plants derived from the Braziliam
stock exossed by the English stock flowered in five out of
the nine pots first; in four of them a self-fertilised plant
flowered first; and not in one pot did an intercrossed plant
of the old stock flower first. :

Viola tricolor.—A crossed plant in five out of the six pots
flowered before any one of the self-fextilised.

Dianthus caryephyllus (First Generation).—In two large beds
of plants, four of the crossed plants flowered before any one
of the self-fertilised. ;

Diantlus caryophyllus (Second  Genexation).—In both pots a-
crossed plant flowered first. 3 :

Dianthus caryophyllus (Third Generation)—In three out of
the four pots a crossed plant flowered first; yet the crossed -
were to the self-fertilised in height only as 100 to 99, but in
weight as 100 to 49.

Dianthus caryophyllus—Plants derived from a cross with a fresh
stock, and the intercrossed plants of the old stock, both
flowered before the self-fertilised in nine out of the ten pots.

Hibiscus africanus.—In three out of the four pots a crossed
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plant flowered before any one of the self-fertilised; yet the
latter were fo the crossed in height as 109 to 100.

Tropwolum minus.—A crossed plant flowered before any one of
the self-fertilised in three out of the four pots, and simul-
taneously in the fourth pot.

Limnanthes donglasii—A crossed plant flowered before any one
of the self-fertilised in four out of the five pots.

Phaseolus mudtiflorus—In both pots a crossed plant flowered
first.

Specularia speculum.—Tn all four pots a crossed plant flowered
first.

Labelin ramosa (First Generation).—In all four pots a c
plant flowered before any one of the self-fertilised.
Lobelia ramosa (Second Generation).—In all four pots a crossed
plant flowered -some days before any one of the self-

fertilised

Nemophila insignis—In four out of the five pots a crossed plant
flowered first.

Borago efficinalis—In hoth pots o crossed plant flowered first.

Petunia_viclacra (Second Generation).—In all three pots a

sed plant flowered first.

Nicotiana tabucim.—A plant derived from a cross with a fresh
stock flowered before any one of the self-fertilised plants of
the fourth generation, in fifteen out of the sixteen pots.

Cyclamen. persicum.—During. two successive seasons a-crossed
plant flowered some weeks before any one of the self-fertilised
in all four pots.

Primula veris (equal-styled var.
plant flowered fivst.

Primuda sinensis—In all four pots plants. derived from an
illegitimate cross between distinet plants flowered before
any one of the self-fertilised plants.

Primula sinensis.—A legitimately crossed plant flowered before
any one of the self-fertilised plants in seven out of the cight
pots.

Fagopyrum esculentum.—A Tegitimately crossed plant flowered
from one to two days before any one of the self-fertilised
plants in all three pots.

Zea mays—In all four pots a crossed plant flowered first.

Phalaris canariensis—The crossed plants fowered - before tho
self-fertilised in the open ground, but simultancously in the
pots.

sed

)—In all three pots a crossed
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Species, of which the first Plants that flowered wereof
Self.fertilised Parentage. & :

i call (Fixst Generation).—The crossed plants
were at first taller than the self-fertilised, but on their second:
growth during the following year the self-fertilised exceed:
the crossed in height, and now they flowered first in bl
out of the four pots.
Lupinus luteus.—Although the crossed plants were to the seli-

fertilised in height as 100 fo 82; yet inall three pots the
self-fortilised plants flowered first. i (e
Clarkia dlegans—Although the crossed plants were, as in the
last case, to the self-fertilised in height as 100 to 82, yet il -
the two pots the self-fertilised flowered first. f
Lobilia fulgens (First Generation) —The crossed plants were to

the self-fertilised in height only as 100 to 127, and the latter
flowered much before the crossed.
Petunia violacea, (Third Generation).—The crossed plants were
to the self-fertilised in height as 100 to 131, and in three
out of the four pots a self-fertilised plant flowered first; in
the fourth pot simultaneously. 3
Petunia violacen (Fourth Generation).—Although the cros
plants were to the self-fertilised in height as 100 to 69,
in three out of the five pots a self-fertilised plant flowe
first; in the fourth pot simultancously, and only in the fi
did a crossed plant flower first. ¥
Nicotiana tabacum (First Generation)—The crossed plants
were to the self-fertilised in height only as 100 to 178, u.ng)
a self-fertilised plant flowered first in all four pots.
Nicotiana tabacum (Third Generation).—The crossed plants:
were fo the self-fertilised in height as 100 to 101, and in
four out of the five pots a self-fertilised plant flowered first.
Canna warseewiezi—In the three generations taken together the |
crossed were to the self-fertilised in height as 100 to 101; in
the first generation the. self-fertilised plants showed some
tendency to flower first, and in the third generation they,
flowered first in nine out of the twelve pots. s

Species in which the Crossed and Self-fertilised, Plants
flowered almost simultaneously.

Mimulus luteus (Sixth Generation).—The crossed plants e

inferior in height and vigour to the self-fertilised plants,
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which all belonged to the new white-flowered tali variety,
yet in only half the pots did the self-fertilised plants flower
first, and in the other half the crossed plants.

Viscaria oculata. —The crossed plants were only a little taller
than the self-fertilised (viz., as 100 ‘to 97), but con-
siderably more fertile, yet both lots flowered almost
_simultancously. 3

. Lathyrus odoratus (Second Generation).—Although the crossed
plants were to the self-fertilised in height as 100 to 88, yet
there was no marked difference in their period of flowering.

Lobelia fulgens (Second Generation).—Although the crossed

plants were to the sclf-fertilised in height as 100 to 91, yet

they flowered simu

cotiana tabacum (Third Generation).—Although the crossed
plants were to the self-fertilised in height as 100 to 83, yet
in half the pots a self-fertilised plant flowered first, and in
the other half a crossed plant.

These three lists include fifty-eight cases, in which
the periad of flowering of the crossed and self-fertilised
plants was recorded. In forty-four of them a crossed
plant flowered first cither in a majority of the pots or
in all ; in nine instances a self-fertilised plant flowered
first, and in five the two lots flowered simultaneously.
One of the most striking cases is that of Cyclamen,’in
which the crossed plants flowered some weeks before
the self-fertilised in all four pots during two seasons.
In the second generation of Lobelia ramosa, a crossed
plant flowered in all four pots some days before any
one of the self-fertilised. Plants derived from a
cross with a fresh stock generally showed a very
strongly marked tendency to flower before the self-
fertilised and the intercrossed plants of the old stock ;
all three lots growing in the same pots. Thus with
Mimulus and Dianthus, in only one pot out of ten, and
in Nicotiana in only one pot out of sixteen, did a self-
fertilised plant flower before the plants of the two crossed
kinds,—these latter flowering almost simultancously.
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A consideration of the two first lists, especially of
the second one, shows that a tendency to flower first is
generally connécted with greater power of growth, that
is, with greater height. But there are some remarkable
exceptions to this rule, proving that some other cause
comes into play. Thus the crossed plants both of
Lupinus luteus and Clarkia elegans were to the self-

fertilised plants in height as 100 to 82, and yet the &

latter flowered first. In the third generation of Nico-
tiana, and in all three generations of Canna, the
crossed and self-fertilised plants were of nearly equal
height, yet the self- ertilised tended to flower first.
On the other hand, with Primula sinensis, plants
raised from a cross between two distinet individuals,
her these were legitimately or illegitimately
ssed, flowered before the illegitimately self-fertilised
plants, although all the plants were of nearly equal
height in both cases. So it was with respectto height
and flowering with Phaseolus, Specularia, and Borago-
The crossed plants of Hibiscus were inferior in height
to the self-fertilised, in the ratio of 100 to 109, and yet
they flowered before the self-fertilised in three out of
the four pots. On the whole, there can be no doubt
that the crossed plants exhibit a tendency to flower
before the self-fertilised, almost though not quite so
strongly marked as to grow to a greater height, to
weigh more, and to be more fertile.

A few other cases not included in the above three
lists deserve notice. In all three pots of Viola tricolor,
naturally crossed plants the offspring of crossed plants
flowered before naturally crossed plants the offspring

of self-fertilised plants. Flowers on two plants, both of |

self-fertilised parentage, of the sixth generation of
Mimulus luteus were intercrossed, and other flowers on
the same plants were fertilised with their own pollen;
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intercrossed seedlings and seedlings of the seventh
sclf-fertilised generation were thus , and the
latter flowered before the intercrossed in three out of
the five pots. Flowers on a plant both of Mimulus
Tufeus and of Tpomeea purpurea were crossed with pollen
from other flowers on the same plant, and other flowers
were fertilised with their own pollen; intercrossed
seedlings of this peculiar kind, and others strictly self-
fertilised being’ thus raised. In the c:
Mimulus the self-fertilised plants flowered fi
out of the eight pots, and in the case of the Tpomeea
in eight out of the ten pots; so that an intercross
between the flowers on the same plant was very far
from giving to the offspring thus raised, any advantage
over the strictly self-fertilised plants in their period
of flowering.

The Bffects of crossing Flowers on the same Plant.

h

as

In the discussion on the tesults of a cross with a
stock, given under Table € in the last chapter, it w
shown that the mere act of crossing by itself does no
ool ; but that the advantages thus derived depend on
the plants which are crossed, ecither consisting of
distinet varieties which will almost certainly differ
somewhat in constitution, or on the progenitors of the
plants which are crossed, though identical in every
external character, having been subjected to somewhat
different conditions and hayving thus acquired some
slight difference in constitution. All the flowers
produced by the same plant, have been developed
from the same seed ; those which expand at the same
time have been exposed to exactly the same climatic
influences; and the stems have all been nourished by
the same roots. Therefore in accordance with the con-
elusion just referred to, no good ought to result from
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crossing flowers on the same plant.* Tn opposition to -
this conclusion is the fact that a bud is in one sense
a distinct individual, and is capable of occasionally or
even not rarely assuming new external characters, as
well as new constitutional peculiarities. Plants raised
from buds which have thus varied may be propagated
for a great length of time by grafts, cuttings, &c., and
sometimes even by seminal generation.t There exist
also numerous species in which the flowers on the
same plant differ from one another,—as in the sexual
organs of moncecious and polygamous plants,—in the
structure of the circumferential flowers in many Com-
positee, Umbelliferze, &c.,—in the structure of the
central flower in some plants,—in the two kinds of
flowers produced by cleistogene species,—and in
several other such cases. I‘].u se instances clearly
prove that the flowers on the same plant have often
varied independently of one another in many im-
portant respects, such variations haying been fixed,

manner a eross
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on the same
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like those on distinct” plants during the develop-
ment of species.

It was therefore necessary to ascertain by experiment
what would be the effect of intercrossing flowers on
the same plant, in comparison with fertilising them
with their own polleri or erossing them with pollen
from a distinet plant. Trials were carefully made on
five genera belonging to four families; and in only
one case, namely, Digitalis, did the -offspring from a
cross between the flowers on the same plant receive
any benefit, and the benefit here was small compared
with that derived from a cross between distinet plants.
In the chapter on Fertility, when we consider the
effects of cross-fertilisation and self-fertilisation on the
productiveness of the parent-plants we shall arrive at
nearly the same result, namely, that a cross between
the flowers on the same plant does not at all increase
the number of the seeds, or only occasionally and to a
slight degree. I will now give an abstract of the
results of the five trials which were made.

(1.) Digitalis purpurea.—Seedlings raised from inter-
crossed flowers on the same plant, and. others from
flower's fertilised with their own pollen, were grown in
the usual manner in competition with one another on

the opposite sides of ten pots. In this and the four
following cases, the details may be found under the
head of each specics. In eight pots, in which the
plants did not grow much crowded, the flower-stems
on sixteen intercrossed plants were in height to those
on sixteen self-fertilised plants, as 100 to 94. In the
two other pots in which the plants grew much crowded,

the flower-stems on nine intercrossed plants were in
height to those on nine self-fertilised plants, as 100
to 90. That the intererossed plants in these two latter
ilised

pots had a real advantage over their self
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opponents, was well shown by their relative weights
when cut down, which was as 100 to 78. The mean
height of the flower-stems on the twenty-five inter-
crossed plants in the ten pots talen together, wis to
that of the flower-stems on the twenty-five self-ferti-
lised ‘plants, as 100 to 92. Thus the intercrossed
plants were certainly superior to the self-fertilised in
some degree; but their superiority was small compared
with that of the offspring’from a cross between distinet
plants over the self-fertilised, this being in the ratio
of 100 to 70 in height. Nor does this latter ratio
show at all fairly the great supetiority of the plants
derived from a cross between distinet individuals over
the self-fertilised, as the former produced more than
twice as many flower-stems as the latter, and were
mmuch less liable to premature death.

(2.) Ipomeea purpurea.—Thirty-one intercrossed plants
raised from a cross between flowers on the same plants
were grown in ten pots in competition with the same
number of self-fertilised plants, and the former were
to the latter in height as 100 to 105. So that the
self-fertilised plants were a little taller than the inter-
crossed ; and in eight out of the ten pots a self-fertilised
plant flowered before any one of the crossed plants in
the same pots. The plants which were not greatly «
crowded in nine of the pots (and these offer the fairest
standard of comparison) were cut down and weighed;
and the weight of the twenty-seven intercrossed plants
was to that of the twenty-seven seli-fertilised as 100
to 124; so that by this test the superiority of the
self-fertilised was strongly marked. ~To this subject of
the superiority of the self-fertilised plants in certain
cases, I shall have to recur in a future chapter. If we
now turn to the offspring from a cross between
distinet plants when put into competition with self=
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fertilised plants, we find that the mean height of,
seventy-three such crossed plants, in the course of ten
generations, was to that of the same number of
self-fertilised plants as 100 to 77; and in the case of
the plants of the tenth generation in weight as 100 to
44, Thus the contrast between the effects of crossing
flowers on the same plant, and of crossing flowers on
distinet plants, is wonderfully great.

(3) Mimulus luteus.—Twenty-two plants raised by
crossing flowers on the same plant were grown in
competition with the same number of self-fertilised
plants ; and the former were to the latter in height as
100 to 105, and in weight as 100 to 103. Moreover, in
seven out of the eight pots a self-fertilised plant
flowered before any of the intercrossed plants. So that
here again the self-fertilised exhibit a slight superiority
over the intercrossed plants. For the sake of com-
parison, I may add that seedlings raised during three
generations from a cross between distinct plants were
to the self-fertilised plants in height as 100 to 65.

(&) Pelargonium zonale—Two plants growing in
separate pots, which had been propagated by cuttings
from the same plant, and therefore formed in fact
parts of the same individual, were intercrossed, and
other flowers on one of these plants were self-fertilised ;
but the seedlings obtained by the two processes did
not differ in height. When, on the other hand, flowers

. on one of the aboye plants were crossed with pollen
taken from a distinct seedling, and other flowers were
self-fertilised, the crossed offspring thus obtained were
to the self-fertilised in height as 100 to 74.

(5.) Origanum wvulgare—A plant which had been
long cultivated in my kitchen garden, had spread by
stolons so as to form a large bed or clump. Seedlings
zaised by intercrossing flowers on these plants, which
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strictly consisted of the same plant, and other seedlings
raised from self-fertilised flowers, were earefully com-
pared from their earliest youth to maturity; and they
did not differ at all in height or in constitutional
vigour. - Some flowers on these seedlings were then
crossed with pollen taken from a distinet seedling, and.
other flowers were s rtilised ; two fresh lots of
seedlings being thus raised, which were the grand-
children of the plant that had spread by stolons and
formed a large clump in my garden. These differed
much in height, the crossed plants being to the
self-fertilised as 100 to 86. They differed, also, to a
wonderful degree in constitutional vigour. The crossed
plants flowered first, and produced exactly twice as
many flower-stems; and they afterwards increased by
stolons to such an extent as almost to overwhelm the
self-fentilised plants.

Reviewing these five cases, we see that in four of
them, the effect of a cross between flowers on the same
plant (even on offsets of the same plant growing on
separate roots, as with the Pelargonium and Origa”
num) does not differ from that of the strictest self-
fertilisation. Indeed, in two of the cases the self-fer-
tilised plants were superior to such intercrossed plants..
With Digitalis a cross between the flowers on the same
plant certainly did do some good, yet very slight
compared with that from a cross between distinct
plants. On the whole the results here arrived at, if
we bear in mind that the flower-buds are to a certain
extent distinct individuals and occasionally vary inde-
pendently of one another, agree well with our general
conclusion, that the advantages of a cross depend on
the progenitors of the crossed plants possessing some-
what different constitutions, either from having been
exposed to different conditions, or to their haying

© The Complete Work of Charles Darwin Online



Crar. VIII. FLOWERS ON THE SAME PLANT. 303

varied from. unknown causes in ‘a manner which we in
our ignorance are forced to speak of as spontancous.
Hereafter I shall have to recur to this subject of the
inefficiency of a cross between the flowers on the same
plant, when we consider the part which insects play in
the cross-fertilisation of flowers.

On the Transmission of the good Effects from a Cross
and of the evil Effects from Self-fertilisation—We have
seen that seedlings from a cross between distinet plants
almost always exceed their self-fertilised opponents in
height, weight, and constitutional vigour, and, as will
hereatter be shown, often in fertility. To ascertain
whether this superiority would be transmitted heyond
the first generation, seedlings were raised on three
oceasions from crossed and self-fertilised plants, both
sets being fertilised in the same manner, and therefore
not as in the many cases given in Tables A, B, and C,
in which the crossed plants were again crossed and the
self-fertilised again self-fertilised.

Firstly, seedlings were raised from self-fertilised
seeds produced under a net by crossed and self-fer-
tilised plants of Nemophila insignis; and the latter
were to the former in height as 133 to 100. But these
seedlings became very unhealthy early in life, and
grew so unequally that some of them in hoth lots were
five times as tall as the others. Therefore this experi-
ment was quite worthless; but I have felt bound to
give it, as opposed to my general conclusion. I should
state that in this and the two following trials, both sets
of plants were grown on the opposite sides of the same
pots, and treated in all respects alike. The details of
the experiments may be found under the head of each
species.

Secondly, a crossed and a self-fertilised plant of
Ileartscase (Viola tricolor) grew near together in the

14
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open ground and near to other plants of heartsease;
and as both produced an abundance of very fine cap-
sules, the flowers on both were certainly cross- ~fertilised
by insects. Seeds were collected from both plants, and
i ed from them. Those from the crossed
plants flowered in all three pots before those from the
selt-fertilised plants; and when fully grown the former
were to the latter in height as 100 to 82. As both sets
of plants were the product of ecross-fertilisation, the
difference in their growth and period of flowering was
clearly due to their parents having been of crossed and
self-fertilised parent: and it is equally clear that
they transmitted different constitutional powers to their
offspring, the grandchildren of the plants which were
originally crossed and self-fertilised.

Thirdly, the Sweet Pea (Lathyrus odoratus) habi-
tually fertilises itself in this country. As T possessed
plants, the parents and glsmdp(m,uts of which had
been artificially crossed and other plants descended
from the same parents which had been self-fertilised
for many previous generations, these two lots of plants
were allowed to fertilise themselves under a net, and
their self-fertilised seeds saved. The seedlings thus
raised were grown in competition with each other in the
usual manner, and differed in their powers of growth.
Those from the self-fertilised plants which had been
crossed during the two previous generations were to
those from the plants self-fertilised during many pre-
vious generations in height as 100 to 90. These two
Jots of seeds were likewise tried by being sown under
very unfavourable conditions in poor exhausted soil, and
the plants whose grandparents and great-grandparents
had been crossed showed in an unmistakable manner
their superior constitutional vigour. In this case, as
in that of the heartsease, there could be no doubt that
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the advantage derived from a cross between two plants
was not confined to the offspring of the first generation.
That constitutional vigour due to cross-parentage is
transmitted for many generations may also be inferred
as highly probable, from some of Andrew Knight's
varieties of the common pea, which were raised by
crossing distinet varieties, after which time they no
doubt fertilised themselves in each succeeding gene-
ration. These varieties lasted for upwards of sixty
years, “but their glory is now departed.”* On the
other hand, most of the varieties of the common pea,
which there is no reason to suppose owe their origin
to a cross, have had a much shorter existence. Some
also of Mr. Laxton’s varieties produced by artificial
crosses have retained their astonishing vigour and
luxuriance for a iderable number of generations ;
but as Mr. Laxton informs me, his experience does
not extend beyond twelve generations, within which
period he has never perceived any diminution of vigour
in his plants.

An allied point may be here noticed. As the force
of inheritance is strong with plants (of which abundant
evidence could be given), it is almost certain that seed-
lings from the same capsule or from the same plant
would tend to inherit nearly the same constitution ; and
as the advantage from a cross depends on the plants
which are crossed differing somewhat in constitution,
it may be inferred as probable that under similar con-
ditions a cross between the nearest relations would
not benefit the offspring so much as one between non-
related plants. In support of this conclusion we have
some evidence, as Fritz Miller has shown by his

* See the evidenceon this head tication,’ chap. ix. vol. i. 2nd «dit.
in my * Variation under Domes- p. 397,
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valuable experiments on hybrid Abutilons, that the
union of brothers and parents and children,
and of other near relations is highly injurious to the
fertility of the offspring. In one case, moreover, seed-
lings from such near velations possessed very weak
constitutions.* This same observer also foundf three
plants of a Bignonia growing near together. He fer-
tilised twenty-nine flowers on one of them with their
own pollen, and they did not set a single capsule.
Thirty flowers were then fertilised with pollen from
a distinet plant, one .of the three growing together,
and they yielded only two capsules. Lastly, five
flowers were fertilised with pollen from a fourth plant
growing at a distance, and all five produced capsules.
It seems therefore probable, as Fritz Miller suggests,
that the three plants growing near together were -
seedlings from the same parent, and that from being
closely related they had little power of fertilising one
another.f

ly, the fact of the intercrossed plants in
Table A not exceeding in height the self-fertilised:
plants in a greater and greater degree in the later
generations, is probably “the result of their havmg
become more and more closely inter-related.

Uniform Colowr of the Flowers on Plants, self-fertilised
and grown under similar conditions for several Generas
tions.—At the commencement of my experiments, the
parent-plants of Mimulus luteus, Ipomeea purpured,
Dianthus caryophyllus, and Petunia wviolacea, raised
varied gr in the colour

L( Aml\uﬂ fiir

as

from purchased seeds,

* * Jenaische Domestication” (chap xvil. 2nd

Natury. 45,  edit. vol. 2, p. 121) of hybrids of
1872; unl 18 5 pp M50 Gladiolus and Cistus, ay one of
t ¢ 1868, p. 626, which could be fertilised by pollen

1 S
given in my ‘Variation under

from any other, but ot by its
own pollen.
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of their flowers. This occurs with many plants which
have. been long cultivated as an ornament for the
flower-garden, and which have been propagated by
seeds.  The colour of the flowers was a point to which
I did not at first in the least attend, and no selection
whatever was practised. Nevertheless, the flowers
produced by the self-fertilised plants of the above
four species became absolutely uniform in tint, or very
nearly so, after they had been grown for some gene-
rations under closely similar conditions. The inter-
crossed plants, which were more or less closely
inter-related in the later generations, and which had
been likewise cultivated all'the time under similar
conditions, became more uniform in the colour of
their flowers than were the original parent-plants, but
much less so than the self-fertilised plants. When

" “self-fertilised plants of one of the later generations
were crossed with a fresh stock, and seedlings thus
raised, these presented a wonderful contrast in the
diversified tints of their flowers compared with those of
the self-fertilised seedlings. As such cases of flowers
becoming uniformly coloured without any aid from
selection seem to me curious, I will give a full
abstract of my observations.

Mimudus luteus.—A tall variety, bearing large, almost
white flowers blotched with crimson, appeared amongst
the intererossed and self-fertilised plants of the third
and fourth generations. This variety increased so
rapidly, that in the sixth generation of se tilised
plants every single one consisted of it. So it. was
with all the many plants which were raised, up to the
last or ninth self-fertilised generation. Although this
variety first app 1 amongst the intercrossed plants,
“yet from their offspring being intercrossed in each
succeeding generation, it mever prevailed amongst
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them; and the flowers on the several intercrossed |
plants of the ninth generation differed considerably in
colour. On the other hand, the uniformity in colour 5
of the flowers on the plants of all the later self-fer-
tilised generations was quite surprising ; on a casual
inspection they might have been said to be quite alike,
but the erimson blotches were not of exactly the same
shape, or in exactly the same position. Both my
gardener and myself believe that this variety did
not appear amongst the parent-plants, raised from pur-
chased seeds, but from its appearance amongst both the
crossed and self-fertilised plants of the third and fourth
generations; and from what T have seen of the variation
of this species on other oceasions, it is probable that it
would occasionally appear under any circumstances.
‘We learn, however, from the present case that” under
the peculiar conditions to which my plants were
subjected, this particular variety, remarkable for its
colouring, largeness of the corolla, and increased
height of the whole plant, prevailed in the sixth and
all the succeeding self-fertilised generations to the =
complete exclusion of every other variety.

Tpomeea purpurea—DMy attention was first drawn to
the present subject by observing that the flowers on all
the plants of the seventh self-fertilised generation were
of a uniform, remarkably rich, dark purple tint. The =
many plants which were raised during the three sue- P
ceeding generations, up to the last or tenth, all produced
flowers coloured in the same manmer. They were
absolutely uniform in tint, like those of a constant
species living in a state of nature ; and fhe self-fertilised
plants might have been distinguished with certainty,
as my gardener remarked, without the aid of labels,
from the intercrossed plants of the later generations.
These, however, had more uniformly coloured flowers

=9
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than those which were first raised from the purchased
seeds. This dark purple variety .did not appear, as
far as my gardener and myself could recollect, before
the fifth or sixth self-fertilised generation. However
this may have been, it became, through continued
self-fertilisation and the ecultivation of the plants
under uniform conditions, perfectly constant, to the
exclusion of every other variety.

Dianthus caryophyllus—The self-fertilised plants of
the third generation all bore flowers of exactly the
same pale rose-colour; and in this respect they differed
quite remarkably from the plants growing in a large
bed close by and raised from seeds purchased from the

. same nursery garden. In this case it is notimprobable
that some of the parent-plants which were first selt-
fertilised may have borne flowers thus coloured ; but
as several plants were self-fertilised in the first genera-
tion, it is extremely improbable that all bore flowers
of exactly the same tint as those of the self-fertilised
plants of the third generation. The intercrossed plants
of the third generation likewise produced flowers
almost, though not quite so uniform in tint as those
of the self-fertilised plants.

Petunia violacea—TIn this case T happened to record
in my notes that the flowers on the parent-plant which
was first self-fertilised were of a “dingy purple colour.”
In the fifth self-fertilised generation, every one of the
twenty-one self-fertilised plants growing in pots, and
all the many plants in.a long row out of doors,
produced flowers of absolutely the same tint, namely,
of a dull, rather peculiar and ugly flesh colour; there-
fore, considerably unlike those on the parent-plant. I
believe that this change of colour supervened quite
gradually ; but T kept no record, as the point did not
interest me until I was struck with the yniform tint
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of the flowers on the self-fertilised plants of the fifth -
generation. The flawers on the intercrossed plants of 3
the corresponding generation were mostly of the same
dull flesh colour, but not hearly so uniform as thoseon =
the self-fertilised plants, some few being very pale,
almost white. The self-fertilised plants which grew in
a long row in the open ground were also remarkable for
their uniformity in height, as were the intercrossed
plants in a less dégree, both lots being compared with
a large number of plants raised at the same time under
similar conditions from the self-fertilised plants of the
fourth generation crossed by a fresh stock. I regret
that T did not attend to the uniformity in height of
the self-fertilised seedlings in the later generations of
the other species. 5
These Tew cases seem to me to possess much interest.
We learn from them that new and slight shades of
colour may be quickly and firmly fixed, independently
of any selection, if the conditions are kept as nearly
uniform as is possible, and no intercrossing be per=is
iitted, With Mimulus, not only a grotesque style of
colouring, but a larger corolla and increased height of
the whole plant were thus fixed ; whereas with most
plants which have been long cultivated for the flower-
garden, no character is more variable than that of
colour, excepting perhaps that of height. From the
consideration of these cases we may infer that the
variability of cultivated plants in the above respects
is due, firstly, to their being subjected to somewhat
diversified conditions, and, secondly, to their being
often inter-crossed, as would follow from the free access
of insects. I do not see how this inference can be
avoided, as when the above plants were .cultivated
for several generations under closely similar conditions,
and were intercrossed in each generation, the colour
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of their flowers tended in some degree to change and to
become. uniform. Wlhen no intercrossing with other
plants of the same stock was allowed,—that is, when
the flowers were fertilised with their own pollen in
each generation—their colour in the later generations
became as uniform as that of plants growing in a
state of nature, accompanied at least in one instance
by much uniformity in the height of the plants. But
in saying that the diversified tints of the flowers on
cultivated plants treated in the ordinary manner are
due to differences in the soil, climate, &e., to which
. they are exposed, I do not wish to imply that such
variations are caused by these agencies in any more
direct manner than that in which the most diversified
illnesses, as colds, inflammation of the lungs or pleura,
rheumatism, &c., may be said to be caused by expo-
sure to cold. In both cases the constitution of the
being which.is acted on is of preponderant importance.
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CHAPTER IX.

Tre Errects oF Cross- AND SELS oN
THE PRODUCTION OF SEEDS.

1 parentage, both lots
ty of the parent-plants
first crossed and self-fertilised, and of their crossed and self-
sed offspring when again crosse fertiliscd—Come
arison of the fertility of flowers fertilised with their own pollen
and with that from other flowers on the same plant—Self-sterile
plants—Causes of seli-sterility—The appearance of -highly self-
fertile varicties—Self-fertilisation apparently in some respects hene=
AL, independently of the assured production of seeds.—Relative
weights and rates of germiuation of seeds from erossed and self-
fertilised flowers.

Fertility of

ts of crossed and self-fertili
Deing fert =

Trr present chapter is devoted to the Fertility of
plants, as influenced . by cross-fertilisation and self-
fertilisation. The subject consists of two distinet
branch
of flowers crossed with pollen from a distinet plant and
with their own pollen, as shown by the proportional
number of capsules which they produce, together
with the number of the contained seeds. Secondly,
the degree of innate fertility or sterility of the seed-
lings raised from crossed and self-fertilised seeds; such
seedlings being of the same age, grown under the same.
conditions, and fertilised in the same manner.  These
two branches of the subject correspond with the two
which have to be considered by any one treating of!
Liybrid plants; namely, in the first place the comparative

productiveness of a species when fertilised with pollen
i

from a distinct species and with its own pollen ; and
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in .the second place; the fertility of its hybrid off-

spring.  These two classes of cases do not always run
parallel ; thus some plants, as Girtner has shown, can
be crossed with great ease, but yield ly sterile

hybrids ; while othnn are crossed \ut].\ (Mwuw diffi-
culty, but yield fairly fertile hybrids.

The natural order to follow in this chapter would
have been first to consider the effects on the fertility
of the parent-plants of crossing them, and of fertil
them with their own pollen ; but as we have di
in ;the two last chapters the relative height, w
and constitutional vigour of crossed and self-fertilised
plants—that is, of plants raised from crossed and
self-fertilised seeds—it will be convenient here first
to consider their relative fertility. The cases observed
by me are given in the following table, D, in which
plants of crossed and self-fertilised parentage were left
to fertilise themselves, being either cr
or spontaneously self-fertilised. Tt should be obse
that the results cannot be considered as fully tru
worthy, for the fertility of a plant is a most variable
clement, depending on its age, health, nature of the
soil, amount of water given, and temperature to which
it is exposed. ‘The number of the capsules produced
and the number of the contained seeds, ought to have
been ascertained on a large number of crossed and self-
fertilised plants of the same age and treated in every
zespect alike. Tn these two latter respects my observa-
tions may be trusted, buta sufficient number of capsules
were-counted only in a few instances. The fertility,
or as it may perhaps better be called the productive-
ness, of a plant depends on the number of capsules
produced, and on the number of seeds which these
contain. But from various causes, chiefly from the
want of time, I was often compelled to rely on the

ed by inseets

1
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number of the capsules alone. Nevertheless, in the
more interesting cases, the seeds were also counted.
or weighed. The average number of seeds per capsule
is a more valuable criterion of fertility than the
number of capsules produced. - This latter ecircum-
stance depends partly on the size of the plant; and we
know that crossed plants are generally taller and
heavier than the self-fertilised ; but the difference in
this respect is rarely sufficient to account . for the
difference in the number of the capsules produced. Tt
need hardly be added that in the following table the -
same number of crossed and self-fertilised plants are
always compared. Subject to the foregoing sources of
doubt I will now give the table, in which the parentage -
of the plants experimented on, and the manner of
determining their fertility are explained. Fuller
details may be found in the previous part of this work,
under the head of each species.

1k D el erials o Rt fierdiaaon tseri fertﬂmd i
Parentage, both sets being fertilised in the same manner. Fer-
tility judged of by various Standurds. That of the crossed Plants
taken as 100. 3

IPON®A PURPUREA—first generation: seeds per capsule])|
on crosed and. sl erilised plants, not growing much |
crowded, spontancously selffrtlised under o et o 100
mumber .
o PoRROREA—seedsi per. capsulel o Grossed dnd'
1f-

rtilised plants from the same parents as in the last

sse, b groveing much roydedton aasunly sty

fextilised under a net, in number

TroncEa PURFUREA produistivaness 6f the samelplaut, ad
bilged by ot of cepees peaeliuad svrese
Rmber of seeds per capsuls

Lboni | RumPEHEAL third | gensration’ seeds pon lenpiule
on srosed wo selffrtlca plasts, spontansouslyself
fertilised nnder a net, in number

Irones PORPUREA productiveness of the,sima. plants,
as judged by number of sapeules producad, and erersge
numnber of séeds per capsule

»ow
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TaBLE D—continued.

on crossed and self-fertilised plants, Io0 e i e llaaiino ko 58
i e

TPONGA PURPUREA—ninth gencration et e
on crossed plants to those on self- [exnh;ed e
taneously sel-fertilised under a nef

MIMULUS TUTEUS—an equal number of mpm]cs on plmtsl
i

g

IPOMGEA PURPURBA—fifth gencration : seeds per capsule ;
rtili

descended from self-fertilised plants of the Sth genera-
tion crossea by & fresh stock, and on plants of the 9th
lEh il generotion, both
wacorered and spontaneotsly fetilis
by weight . . .

Mnworos Lm:us~pm«ummw e T
Gl by mumber of caprules proluced, and average
weight of seeds per sty o :

=

having been left
, contained seeds,

@

cleistogene flowers on  the osced and selffrtilised
plants, in number . . . S

SALVIA cocory s
tilised plms, pwduee

lants left uncovered in

rerossed plants of e B generation, cnmpdrul with

ittt planie o the Sud generatio, yielded

in number . -

ith selffere

4 pl:mf o
ﬂm\'en, in number .

e,

VANDPLLTA NUMMULARIOLIA—sceds per capsule \on}

Lo e B e B
avitios compared with selF-fertlised plants of the rd
generation, yielded seeds, by weight

o et e T plzm\a, et
uneovered, produced capsules, in number .

ESOUSCOUTAIA CAUIFORNICA— Brasilinn sto Dlints len
s ees; capsules on
intercrosse of 2 , compared with

capsules on Dbt pl.\ms o et e

tained seeds, in number.. . . .

he same
plants, as judged by e C'\p\u]C\ lnmluced and
average mimber of sceds per capsule .

S0 S0 PR g Bl

BsgscouTaIA cAimronvic—plants Left uncovered and:
cross-fertilised by capsules on plans derived from
T blants of 2nd gencration of the Biasilion &5

ock crossed by English stock, compared with capsulesfl » 7
on self-fertilised plants of 2nd generation, containel
e S

the same
plants, as judged by et capsules pmdnced, andl| , » 40
average number of seeds per capsule
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TaBLE D—continued.

RESEDA ODORATA—crossed and self-fertilised plants, le

uncovered and cross-fertilised by bees, produced. caps\llcs a5 100 t0 100

in number (about) . .
Viows ThicoLot—crossed and self-fortlised plants, left

farblad byt rodzge cap,nml
DELPHINITN CONSOLIDA—cro csed and self-or plan ts,
uncorered o the greenhotse, produced c\psnle: in
number .
VisoARiA OCULATA—crossed and. sel -fertilised p\ms Left
o orerel in the gresnhouse,produsel capsules in number
DIANEIUS CARTorITLLDS —plants spontaneously self-ferti-
lised under a met; capsules on intercrossed and self-
ferilsed plants of e S1d generation contamed seeds in
number .

DrANTIDS GxRYOPHYLATS—plants left uncovered and c ‘

fertilised by insects: offspring from plants self frlilieed
7 s B and then crossed by an inter-
e plunt of the same stock, compared with plants

of the 4th sell-fertilised generation, produced seeds by

weight . .
DIANTHUS CARY ovnYLLvs—plmts left uncovercd and o
By pring from plants self-fertilise: }

ree generations and then crossed by a fresh
,mk compared with plants of the 4th self-fextilis
- genexation, produced seeds by weight
Tor 0LV AINUS—orossud and self-fertilised plaats, lef
uncovered in the greenhouse, produced seed 1= in number ,
INANTHES DOUGLAST—crossed and self-fertilised plunts,
Ief_uncovered in_ greenhouse, p"aduced capﬂlles in
bout) .
) I

Ly

number

Lopvus LUTEUS Cvoseed und sl fortilised lante of1

-~ 2nd generation, left uncovered in the greenhouse, pro-
e (judged from only a few pods

Pitsscovus osTiFrongs—orossed and selfertlied plasts
left uncovered in the greenhouse, produced seeds

number (about) .

Lixiiios opoRATUS erossed and self-frtilised. plants of
the 2nd generation, left uncovered in the greenhouse, but
certainly self-fertilised, produced pods in number

CLARKIA FLEGANS—crossed and self-fertilised -plants, left
uncovered in m grecahouse, yrodnced capsules in numl)er}

lants,
covered by S qmnmem.slv it Tt

greenhouse, produced capsules in number

TONTA VIOLAGEA—left, uncovered and cross- fertilised by
inseets : plants of the 5th intercrossed and self-fertilised

onarations Brodused sosls, a8 judged b the erght of an

equal number of capsules i
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Taene D—continued.

PEruNIA VioLAcEA—left uncovered as above: offspring o
e
ompared with plants of the 5th self-bas 100 to 46
femlmd i e sealt s Julged iy the
t of an equal number of capsul

i oo

- fextilised plants, lft)
d in the greenhouse, produced capsules in number
ANAGALUIS COLLINA —crossed and self-fertilised plants, left)
ed in the greenhouse, produced

apsules in numbel ,}
PRiNULA VERIS—left uncovered in open ground and
B e o o e ok e e

illegitimate generation crossed by a fresh qu, compared;
with plants of the 4th illegitimate and s
generation, produced ci
Same plants in the following year. .
PRIMULA VERIS—(equal-styled v

ertilised | |

sules in number . .

A e

open ground and cross-fertilised by insects: offspring] |
fiom plants self-fertilised for two generations and thenb 15
d by another variety, compared with plants of the 3rd ‘
B e e
EEnDL vemis—(equal styled vex) same plants; axeioge A
number of seeds per capsu e }‘ Rl
Priyura VERIS—(equal- smed o) il caate e
gaite plants, a5 judged by number of psules producel |, 11
and average number of seeds per capsule ..

This table includes thirty-three cases relating to
twenty-three species, and shows the degree of innate
fertility of plants of crossed parentage in comparison
with those of self-fertilised parentage ; hoth lots being
fertilised in the same manner. With several of the
species, as with Eschscholtzia, Reseda, Viola, Dian-
thus, Petunia, and Primula, both lots were certainly
cross-fertilised by insects, and so it probably was with
several of the others; but in some of the species, as
with Nemophila, and in some of the trials with Ipomcea
and Dianthus, the plants were covered up, and both
lots were spontaneously self-fertilised. This also was
necessarily the case with the capsules produced by the
cleistogene flowers of Vandellia.
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The fertility of the crossed plants is represented in
the table by 100, and that of the self-fertilised by the
other figures. There are five cases in which the fer@ility‘
of the self-fertilised plants is approximately equal to =
that of the crossed ; nevertheless, in four of these cases =
the crossed plants were plainly taller, and in the fifth.
somewhat taller than the self-fertilised. But I should -
“tate that in some of these five cases the fertility of
the two lots was not strictly ascertained, as the capsules ;

were not actually counted, from appearing equal in
number and from all apparently containing a full com=:
plement of seeds. Tn only two instances in the table, -
viz., with Vandellia and in the third generation of
Dianthus, the capsules on the self-fertilised plants:
contained more seed than those on the crossed plants.
With Dianthus the ratio between the number of seeds:
contained in the self-fertilised and crossed capsules
was as 125 to 100; both sets of plants were leff )
fertilise themselves under a net; and it is almost
certain that the greater fertility of the self-fertilis
“plants was here due merely to their having varied |
and become less strictly dichogamous, so as to mature
their anthers and - stigmas more nearly at the same
time than is proper to the species. Excluding the
seven cases now referred to, ‘there remain twenty-six
in which the crossed plants were manifestly mucl 3
more fertile, sometimes to an extraordinary degree,
than the self-fertilised with which they grew in com= =
petition.  The most striking instances are those in-
which plants derived from a cross with a fresh stock
are compared with plants of one of the later self-fer=
tilised generations; yet there are some s ing cases,
as that of Viola, between the intercrossed plants of the =
same stock and the self-fertilised, even in the first:
on. The results most to be trusted are ‘tho
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in which the productiveness of the plants was ascer-
tained by the number of capsules produced by an
equal number of plants, together with the actual or
average number of seeds in each capsule. Of such
cases thele are twelve in the table, and the mean of
their mean fertility is as 100 for the crossed plants,
to 59 for the self-fertilised plants. The Primulacew
seem eminently liable to suffer in fertility from self-
fertilisation.

The following short table, B, includes four cases
which have already been partly given in the last table.

aprE B—Innate Fertility of Plants from a Oross with a fresh
Stock, compured with that of Intercrossed Plants of the sume
Stack, and with that of Self-fertilised Plants, all of the cor
sponding Generation. Fertility judged of by the number or
aweight of seeds produced by an equal number of Plants.

LIANTHUS CARYOPHYLLUS —the int
are derived from o
rossed by intercrossed plants of thet 100 | 45 | 83
-

generation. The self-fertilised plmlblwlonw |
to the 4th generation .

PETUNIA VIOLACEA—the et it
tilised plants belong to the 5th generation .

|
100 ‘ 54

NB—In the sbove cases, mepzmn i
dexived from a cross with ‘a fresh stock belong on the mothe
same stock with the intercr A plants, aud to the cor-
responding generation.
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These cases show us how greatly superior in innate -

fertility the seedlings from plants self-fertilised or
intercrossed for several generations and then crossed
by a fresh stock are, in comparison with the seedlings
from plants of the old stock, either intercrossed or
self-fertilised for the sam® number of generations. The
three lots of plants in each case were left freely ex-
posed to the visits of insects, and their flowers without
doubt were cross-fertilised by them.

This table further shows us that in all four cases the
intercrossed plants of the same stock still have a
decided though small advantage in fertility over the
self-fertilised pl.mts

With respect to the state of the reproductive organs
in the self-fertilise@l plants of the two last tables,
only a few observations were made. In the seventh:
and eighth generation of Ipomea, the anthers in the

flowers of the self-fertilised plants were plainly smaller

than those in the flowers of the intercrossed plants.
The tendency to sterility in these same plants was
also shown by the first-formed flowers, after they had
been carefully fertilised, often dropping off, in the
same manner as frequently occurs with hybrids. The

flowers likewise tended to be monstrous. In the.
fourth generation of Petunia, the pollen produced

by the self-fertilised and intercrossed plants was

compmed and there were far more empty and shrivelled
grains in the former.

Relative Fertility of Flowers crossed, with Pollen, frami@
distinct Plant and with their own Pollen. - This heading
includes flowers on the Parent-plants, and on the crossed
and self-fertilised Seedlings of the first or a succeediing Ges
neration—1 will first treat of the parent-plants, which

© The Complete Work of Charles Darwin Online




 Cmr.IX. AND SELF-FERTILISED FLOWERS. 321

were raised from seeds purchased from nursery-gardens,
or taken from plants growing in my garden, or
growing wild, and surrounded in every case by many
individuals of the same species. ~Plants thus circum-
stanced will commonly have been intercrossed by
insects; so that the seedlings which were first ex-

- perimentéd on will generally have been the product
of a cross. Consequently any difference in * the
fertility of their flowers, when. crossed and self-fer-
tilised, will have been caused by the nature of the
pollen employed ; that is, whether it was taken from
a distinet plant or from the same flower. The de-
grees of fertility shown in the following table, F,
were determined in each case by the average number
of seeds per capsule, ascertained either. by counting
or weighing.

Another element ought properly to have been taken
into account, namely, the proportion of flowers which
yielded capsules when they were crossed and self-fer-

tilised; and as crossed flowers generally produce a
larger proportion of capsules, their superiority in fer-
tility, if this clement had been taken into account,
would have been much more stronzly marked than
appears in Table F. But had I thus acted, there
would have been greater liability to error, as pollen
applied to the stigma at the wrong time fails to pro-
duce any effect; independently of its greater or less
potency. A good illustration of the great difference
in the results which sometimes follows, if the number

_ of capsules produced relatively to the number of flowers
fertilised be included in the caleulation, was afforded
by Nolana prostrata. Thirty flowers on some plants
of this species were crossed and produced twenty-seven.
capsules, each containing five seeds; thirty-two flowers
on the same plants were self-fertilised and produced
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only six capsules, each containing five seeds. * As the
number of seeds per capsule is here the same, the fer-
tility of the erossed and self-fertilised flowers is given
in Table I as equal, or as 100 to 100. But lf the
flowers which failed to produce capsules be included,
the crossed flowers yielded on an average 450 seeds,
whilst the self-fertilised flowers yielded unly 0+ 94 seeds,
so that their relative fertility would have been as 100
to 21. I should here state that it has bheen found con-
venient to reserve for separate discussion the cases of
flowers which are usually quite sterile with their own
pollen.

Tasie F.— Relative Fertility of the Flowers on the Parent-plants:
wsed in my Experiments, when fertilised with Pollen from @
distinct Plant and with their own Pollen. Fertility judged of
by the average Number of Seeds per Capsule. Fertility of
Crossed Flowers taken as 100,

| :
100 to 100

IPoM®EA PURPUREA —crossed and ~ self-fertilised
eds as (about) s

e iadlon ek aanltiow
4 R
e e e TR }} i
ARIPOLTA—erosod adl melfAe | o
rs yielded seeds as . e i
12 PENDULINA crossed and selfertilisedl fowers
S107ia e o da eler bl
seeds as (about) . } » » 100
Frr T G G g (o) ﬂo“m}\ 2
| o
Escnsl (r glish ~LOLL) .m,e\l and | I
o e e T BT e (5 el o
ESOUSCHOLTAIA CALIFORNION —(Bracilion stock grown Fo)
extilised flowers yielded seed: B 15
DL ATNETa oSO A aroseed and self-fushlised o e L NS
(self-fertilised capsules spontaneously produced, but result(| 5 » 99
supported by other evidence) yielded seedsas. . . .|
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TasLe F—continued.

VisCARTA OCULATA —crossed and  self-fertilised flowers

L
ielded seods as (by weight) } i
VISOARIA  OCULAT. sed_and sl fetilisedflowers |
et o Rl e widh spon-|
Sancously seli-fortilised cupsales) yielded seeds a: il
e
yielded sceds as . 3o
Troraouvar arsts—crossed and self-fertilided flowers
yielded seeds as . % g 0o
o  crossed and sel
elded seeds as . } » »
55 DOUGLASITcrossed and sel-fertilised flowers
L e o Howow
rossed and self-Gortilised flowers)|
yielded seeds as . : oo
ONoNts. mvuTISSTAcrossed. and. self-fertilised fowers)
yielded seeds as . } »o»
Cophes PURPUREA— crossed and self-fertilised flowers
yielded seedsas . . . . L } »
oaauiis.crossed and sel-fortilised floivers
yielded seeds as . o
SerouLARIA sPECOLTN—crossed and. sel-fertilised flowe |
yielded seeds as . . gl
o y cros ers yielded
seeds as. (about) L i e . } i
it sed and self-fertilised flowers)|
Bl }‘ » o

BORAGO OFFICINALIS —crossed and seli-fertilised fowers
yielded seeds as . . ”
NOLANA PROSTRATA—crossed and self-fertilised ﬂu\\u\‘\

yielded seeds as (by weight) . . . . . .

NicottaxA TABACUM—crossed and self-fertilised flow
yielded seeds as (by weight)

CFCLAMEN PERSICUM —crossed and self-fortilised How

yielded seeds as . . e
PEIUNIA VIOTACEA — crossed and self-fertilised flow
|

el and eli-fostilized How
yielded seeds as . 5 N
CANNA WAML\\wu—cm»ml m sel-fntilised 5 (on
three generations of d self-fertilised phm\mm i
all together) yielded A e

* Tropaolum tricolorum_and  olum onl
Cuphea purpurea'have been intro- - self-fextili

six crossed and eleven
d capsules, were com-

dueed into_this fable, although pared. A larger proportion of

seedlings were not raised from  the self-ferti tha

d
t]lenr but of the Cuphea only crossed flowers of the Tnop'eolum

y
sed and six selifertic  produced fruit.
Tised eapsuiles, and of the Trope-
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)

A second table, G, gives the relative fertility of ;

flowers on crossed plants again cross-fertilised, and of
d plants again self-fertilised,
cither in the first or in a later generation. Here two
causes combine to diminish the fertility of the self-
fertilised flowers ; namely, the lesser efficacy of pollen
from the same flower, and -the innate lessened fertility
of plants derived from self-fertilised seeds, which as we:
have seen in the previous Table D is strongly marked.
The fertility was determined in the same manner as
in Table T, that is, by the average number of seeds per
capsule ; and the same remarks as before, with respect
to the different proportion of flowers which set capsules
when they are cross-fertilised and self-fertilised, are
here likewise applicable.

TapLs G.—Relutive Fertility of Flowers on Crossed and Self-
Jertiliscd Plants of the First or some succeeding Generation ; e
Jormer being again fertilised with Pollen from a distinct Flanty
and the latter again with their own Pollen. ertility judged
of by the average Number of Seeds per Capisule. Fertility of
Crossed Flowers taken as 100.

IPON®EA PURPUREA—C
the crossed and self-fertil
Tielded seads as )15 0 4 oo nun IR S I

Trou@a PURPUREA—orossed and self-fertilised flowers on)
the crossed and self-fertilised plants of the 3rd gunerntmn[ i

ed plants of the Ist generationy| 100 to 93

and self-fertilised flowers nn}

fossed and self-fertilised flowers m‘:}

the crossed and self
yielded seeds as .
IPOMEA PURFURI

ertilised plants of the 4th generation

érosted ‘and self-fertilised flowers on
ertilised plants of the 5th generation

0 S on the
crossed and self- neration
seeds as (by weight) 7

ifised flow }

MIMULUS L .~ came plants treated in the same m'nner} o1
5

}i

d and self-fort
stilised plants of the Srd

(by weight) 3
rossed and self-fertilised flowers on the
crossed and self-fertilised plants of the 4th generation
yielded sceds as (by weight) . . . . . . . -
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TapLE G—continiied.

Viona TRIcoror—crossed and self-fertilised flowers on the
T e ,umh of the 1st generation
yielded seed

Dris arvorivLLTS —orossed and scl-fortiised flow l
an the crosed amd sl fertilised plants of the Lt genera- |

tion yielded seeds as .
Drixitos CARYOPIYLLUS—owers on solf-fertilised plants
e Sl generation exossel by tercrosel plaats, and
e owers agin sel-fertilised el
Draxtivs c,\mumnuus—ﬂm el frtilised meh}
o)

Amh s'.m,L and other
Lied s

mhsm\
LATHYRUS ODORAT! e ielulhod flowers un}

i crossed and selt-fortilised plants of the 1st generstion
ymlded seeds as .

LOmmiA mANOSA-—erossed nd self-frtilised flowers on
L i pients of the ist genentmn
yielded seeds as (by weight)

PeTusia vigiacra—_orossed ml el
the crossed and self-fertilised plants of the Ist generation
yielded seeds as (by weig] z

Ptk oties crosied and seltfortilied fowers on
the crossed and seli-fertilised plants of the 4th generation

|
yielded seeds as (by weight) - & f

L 60

tilised flowers on

PERUNIA VIOLACEA-flowers on self-fertilised phnt: of the
“4th generation crossed by a fresh stock, and other fower:
again selffertilised yielded sceds as (by weight

NiconiaNa TABACTAcrossed and self-fertilised flowers o
the crossed and self-fertilised plants of the 1st generation
yielded seeds as (by weight) o

Nrcotiaxa TABACUNM—flowers on 5 .mmmq plants of
the 2nd generation crossed by intercrossed plants, and
other flowers again self- Tortilised yhmm L
timation) .

NICOMANA TABACUM — flowers on self-fertilised plants mp

|

the Brd generation crossed by a frosh stock, and other 110
flowers again d yielded seeds as (by estimation))
ANAGALLIS LoLuNA—ﬂo“els on o xel yaviety Crossed by a
biue, vasiety, and other flowers on the red vasiety self-
fextilised yielded seeds as : i ;
CANNA WARSCEW lc/l—zzmsscd 4\1\1 Vu m sed flowers on ‘
b oramct and selTfoptiised pluats of thres generations{| n » 85
taken together et

n o 48

As both these tables relate to the fertility of
flowers fertilised by pollen from another plant and by
their own pollen, they may be considered together.
The difference between them consists in the self-
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fertilised flowers in the second table, G bel
produced by self-fertilised parents, and the crossed
flowers by crossed parents, which in the later genemtionn‘r
had become somewhat closely inter-related, and had
been subjected all the time to nearly the same cond
tions. These two tables include fifty cases relating to
thirty-two species. The flowers onmany other species
were crossed and self-fertilised, but as only a few were

thus treated, the results cannot be trusted, as far as fer-
tility is concerned, and are not here given. Some other
cases have been rejected, as the plants were in an
unhealthy condition. If we look to the figures in the
two tables expressing the ratios between the me:
relative fertility of the crossed and self-fertilised
flowers, we sce that in a majority of the cases (ie.,
in thirty-five out of fifty) flowers fertilised by pollen
from a distinet plant yield more, sometimes many more,
seeds than flowers fertilised with their own pollen ; and

they commonly set a larger proportion of capsules. The
degree of infertility of the self-fertilised flowers differs
extremely in the different species, and even, as we
shall see in the section on self-sterile plants, in the:
individuals of the same species, as well as und
slightly changed conditions of life. Their fertility
ranges from zero to fertility equalling that of the
d flowers; and of this fact no explanation can
be offered. There are fifteen cases in the two tables
in which the number of seeds per capsule produced by
the self-fertilised flowers equals or even exceeds. that
yielded by’ the crossed flowers. Some few of these
cases are, 1 believe, accidental ; that is, would not
recur on a second trial. This was . apparently fhe
case with the plants of the fifth generation of Ipomeea,
and in one of the experiments with Dianthus.
Nicotiana offers the most anomalous case of any,
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as the self-fertilised flowers on the parent-plants, and
on their descendants of the second and third genera-
tions, produced more seeds than did the crossed
flowers ; but we shall recur to this case when we treat
of highly self-fertile varieties,

It might have been expected that the difference in
fertility between the crossed and self-fertilised flowers
would have been more strongly marked in Table G, in
which the plants of one set were derived from self-
fertilised parents, than in Table F, in which flowers on
the parent-plants were self-fertilised for the first time.
But this is not the case, as far as my scanty materi
allow of any judgment. There is therefore no evi-
at present, that the fertility of plants goes on
shing in successive self-fertilised generations,
although there is some rather weak evidence that
this does occur with respect to their height or growth.
But we should bear in mind that in the later genera-
tions the crossed plants had become more or less closely
inter-related, and had been subjected all the time to
nearly uniform conditions.

It is remarkable that there is no close correspondence,
cither in the parent-plants or in the successive genera-
tions, between the relative number of seeds produced
by the crossed and self-fertilised flows and the
relative powers of growth of the seedlings raised from
such seeds. Thus, the crossed and self-fertilised
flowers on the parent-plants of Ipomeea, Gesneria,
Salvia, Limnanthes, Lobelia fulgens, and Nolana pro-
duced a nearly equal number of seeds, yet the plants
zaised from the crossed seeds exceeded considerably in
height those raised from the self-fertilised seceds.
The crossed flowers of Linaria and Viscaria yielded
far more seeds than the self-fertilised flowers; and
although the plants raised from the former were taller

15
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than those from the latter, they were not so in a
corresponding degree.  With Nicotiana the flowers:
fertilised with their own pollen were more productive
than those crossed with pollen from a slightly different.
variety ; yet the plants raised from the latter seeds
were much taller, heavier, and more hardy than those
raised from the self-fertilised seeds. On the other
hand, the crossed seedlings of Eschscholtzia were
neither taller mor heavier than the self-fertilised,
although the crossed flowers were far more productive
than the self-fertilised. But the best evidence of
want of correspondence between the number of s
produced by crossed and self-fertilised flowers,
the vigour of the offspring raised from them, is afford
by the plants of the Brazilian and European sto
of Eschscholtzia, and likewise by certain individu
plants of Reseda odorate ;i for it might have been
pected that the seedlings from plants, the flowers of
which were excessively self-sterile, would have profite
in a greater degree by a cross, than the seedlings
plants which were moderately or fully self-fertile,
therefore apparently had no need to be crossed. Buf
no such result followed in either case: for instan
the crossed and self-fertilised offspring from a higl
self-fertile plant of Reseda odorata were in average
height to each other as 100 to 82; whereas the similar
offspring from an excessively self-sterile plant were &
100 to 92 in average height.

With respect to the innate fertility of the plants
of crossed and self-fertilised parentage, given in the
previous Table D—that is, the number of seeds pro-
duced by both lots when their flowers were fertilised:
in the same manner,—nearly the same remarks
applicable, in reference to the absence of any
correspondence between their fertility and powers of
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growth, as in the case of the plants in the Tables F
and G, just considered. Thus the crossed and self-fer-
tilised plants of Ipomcea, Papaver, Reseda odorata, and
Limnanthes were almost equally fertile, the former
exceeded considerably in height the self-fertilised
plants.  On the other hand, the crossed and self-ferti-
lised plants of Mimulus and Primula differed to an
extreme degree in innate fertility, but by no means to
a corresponding degree in height or vigour.

In all the cases of self-fertilised flowers included in
Tables E, F, and G, these were fertilised with their
own pollen ; but there is another form of self-fertilisa-
tion, viz, by pollen from other flowers on the same
plant; but this latter méthod made no difference in
comparison with the former in the number of seeds
produced, or only a slight difference. Neither with
Digitalis nor Dianthus were more seeds produced by
the one method than by the other, to any trustworthy
degree. With Ipomea rather more seeds, in the pro-
portion of 100 to 91, were produced from a cross
between flowers on the same plant than from strictly
self-fertilised flowers ; but I have reason to suspect that
the result was accidental. With Origunum vulgare,
however, a cross between flowers on plants propagated
by stolons from the same stock certainly increased
slightly their fertility. This likewise occurred, as we
shall see in the next section, with Hschscholtzia,
perhaps with Corydalis cava and Oncidium ; but not
so with Bignonia, Abutilon, Tabernzmontana, Senecio,
and apparently Reseda odorata.

Self-sterile Plants.

The cases here to be described might have heen
introduced in Table F, which gives the relative fer-
tility of flowers fertilised with their own pollen, and
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with that from a distinet plant; but it has been found
more convenient to keep them for separate discussion.
The present cases must not be confounded with those
to be given in the mext chapter relatively to flowers
which are sterile when insects are excluded ; for such
sterility depends mot merely on the flowers being
incapable of fertilisation with their own pollen, but on
mechanical causes, by which their pollen is prevented
from reaching the stigma, or on the pollen and stigma
of the same flower being matured at different periods.
In the seventeenth chapter of my Variation of
Animals and Plants under Domestication’T had occasion:
to enter fully on the present subject; and I will there-
fore here give only a brief abstract of the cases there
described, but others must be added, as they have an
important bearing on the present work. Kolreuter
long ago described plants of Verbascum pheeniceum
which during two years were sterile with their own
pollen, but were easily fertilised by that of four other
species; these plants however afterwards became more
or less self-fertile in a strangely fluctuating manner.
Mr. Scott also found that this species, as well as two. of
its varieties, were self-sterile, as did Girtner in the
case of Verbascum migrum. So it was, according fo
this latter author, with two plants of Lobelia fulgens,
though the pollen and ovules of both were in an
efficient state in relation to other species. Five species:
of Passiflora and certain individuals of a sixth species
have been found sterile with their own pollen; but slight;
changes in their conditions, such as being grafted on
another stock or a change of temperature, rendered
them self-fertile. Flowers on a completely self-im-
potent plant of Passiflora alata fertilised with pollen
from its own self-impotent seedlings were quite fertile.
Mr. Scott, and afterwards Mr. Munro, found that some
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species of Oncidium and of Maxillaria cultivated in a
hothouse in Bdinburgh were quite sterile with their
own pollen; and Fritz Miller found this to be the
case with a large number of Orchidaceous genera
growing in their native home of South Bra: He
also discovered that the pollen-masses of some orchids
acted on their own stigmas like a poison; and it
appears that Giirtner formerly observed indications of
this extraordinary fact in the case of some other
lants.
Fritz Miller also states that a species of Bignonia
and Tabernemontana echinata are both sterile with
their own pollen in their native country of Brazil. f
Several Amaryllidaceous and Liliaceous plants are in
the same predicament. Hildebrand observed with care
Corydalis eava, and found it completely self-sterile;}
but according to Caspary a few self-fertilised seeds
are oceaamnally produced : Corydalis hallersi is only
slightly self-sterile, and C. infermedia not at all so.§
Inanother Fumariaceousgenus, Hypecoum, Hildebrand
observed || that H. grandiflorum was highly self-sterile,
whilst . procumbens was fairly seli-fertile.  Thunbergia
alata kept by me in a warm greenhouse was self-sterile
early in the season, but at a later period produced
many spontancously self-fertilised fruits. So it was
with Papaver vagum : another species, P. alpinuin, was
found by Professor H. Hoffmann to be quite self-

sterile excepting on one occasion ;f whilst P. somni-
Jferum has been with me always completely self-fertile.

EBschscholtzia californica.— This species deserves a
fuller cousidemciom A plant cultivated by Tritz

* ‘B, Zeitung; 1868, p. 11 § “Bot. Zeitung,) Junc 2
+ Ibid. 1808, p. 626, i nuo I ¢ Jabob, ix wise
B. vi. p.
“{ “Report of the International g b Spulmfr\gc’ 1875,
Hort, Congress; 1565, p.47.
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Miiller in South Brazil happened to flower a month before
any of the others, and it did not produce a single
capsule. This led him to make further observations
during the next six generations, and he found that all
Lis plants were completely sterile, unless they were
crossed by insects or were agtificially fertilised with
pollen from a distinct plant, in which case they were
completely fertile.* T was much surprised at this fact,
as T had found that English plants, when covered by
a net, set a considerable number of capsules ; and that
these contained seeds by weight, compared with those
on plants intercrossed by the bees, as 71 to 100.
Professor Hildebrand, however, found this species
much more self=sterile in Germany than it was with
mo in England, for the capsules produced by self-
fertilised flowers, compared with those from intercrossed.
contained seeds in the ratio of only 11 to 100
At my Tritz Miller sent me from Brazil seeds
of his self-sterile plants, from which I raised seedlings.
Two of these were covered with anet, and one produced
spontaneously only a single capsule containing no good
seeds, but yet, when artificially fertilised with its own.
pollen, produced a few capsules. The other plant pro=
duced spontaneously under the net ight capsules, one
of which contained mo less than thirty seeds, and on
an average about ten seeds per capsule. Bight flowers
on these two plants were artificially self-fertilised, and
Pmdm-exl seven capsules, containing on an average
twelve seeds; eight other flowers were fertilised with
pollen from a distinct plant of the Brazilian stock, and
produced eight capsules, containing on an average
about eighty seeds: this gives a ratio of 15-seeds for
the self-fertilised capsules to 100 for the crossed

* ¢Bot, Zeitung,’ 1868, p. 115, and 1869, p. 223.
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capsules. Later in the season twelye other flowers on
these two plants were aitificially self-fertilised ; but
they yielded only two capsules, containing three and
six seeds. It appears therefore that a lower tem-
perature than that of Brazil favours the self-fertility
of this plant, whilst a still lower temperature lessens it.
As soon as the two plants which had been covered by
the net were uncovered, they were visited by many
hees, and it was interesting to observe how quickly
they became, even the more sterile plant of the two,
covered with young capsules. On the following year
eight flowers on plants of the Brazilian stock of self-
fertilised parentage (i.e., grandchildren of the plants
which grew in Brazil) were again self-fertilised, and
produced five capsules, containing on an average 27-4
seeds, with a maximum in one of forty-two seeds; so
that their self-fertility had evidently increased greatly
by being reared for two generations in England. On
the whole we may conclude that plants of the Brazilian
stock are much more self-fertile in this country than
in Brazil, and less so than plants of the English stock
in England; so that the plants of Brazilian parentage
retained by inheritance some of their former sexual
constitution. Conversely, seeds from English plants
sent by me to Fritz Miller and grown in Brazil, were
much more self-fertile than his plants which had been
cultivated there for several generations ; but he informs
me that one of the plants of English parentage which
did not flower the first year, and was thus exposed for
two seasons to the climate of Brazil, proved quite self-
sterile, like a Brazilian plant, showing how quickly
the climate had acted on its sexual constitution.
Abutilon darwinii—Seeds of this plant were sent
me by Fritz Miller, who found it, as well as some
other species of the same genus, quite sterile in its
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native home of South Brazil, unless fertilised with
pollen from a distinct plant, cither artificially or
naturally by humming-birds.* Several plants were
raised from these seeds and kept in the hothouse.
They produced flowers very early in the spring, and:
twenty of them were fertilised, some with pollen from
the same flower, and some with pollen from other
flowers on the same plants; but not a single capsule
was thus produced, yet the stigmas twenty-seven hours
after the application of the pollen were penetrated by
the pollen-tubes. At the same time nineteen flowers
were crossed with pollen from a distinct plant, and
these produced thirteen capsules, all abounding with
fine seeds. A greater number of capsules would have
been produced by the cross, had not some of the nine-
teen flowers been on a plant which was afterwards
proved to be from some unknown cause completely:
sterile with pollen of any kind. Thus far these plants
behaved exactly like those in Brazil ; but later in the
season, in the latter part of May and in June, they
began to produce under a met a few spontancously’
self-fertilised capsules. soon as this occurred,
sixteen flowers were fertilised with their own pollen,
and these produced five capsules, containing on an
average 3°4 seeds. At the same time I selected by
chance four capsules from the uncovered plants grow=
ing close by, the flowers of which I had seen visited
by humble-bees, and these contained on an average
215 seeds; so that the seeds in the naturally inter-
ed capsules to those in the self-fertilised capsules
as 100 to 16. The interesting point in this case
is that these plants, which were unnaturally treated
by being grown in pots in a hothouse, under another

Naturwiss.’ B. vii. 1872, p. 22, and 1878,

* ¢ Jenaische Zeitschr.
. 441,
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liemisphere, with a complete reversal of the s
were thus rendered slightly self-fertile, whereas they
seem always to be completely self-sterile in their
native home.

Senceio  oruentus (greenhouse waricties, commonly
called Cinerarias, probably derived from several fruticose
or herbaceous species much interorossed*)—Two purple-
flowered varieties were placed under a met in the
greenhouse, and four corymbs on each were re-
“ peatedly brushed with flowers from the other plant,
so that their stigmas were well covered with each
other’s pollen. o of the cight corymbs thus treated
produced very few seeds, but the other six produced
on an average 413 seeds per corymb, and these ger-
minated well. The stigmas on four other corymbs on
both plants were well smeared with pollen from the
flowers on their own corymbs; these eight corymbs
produced altogether ten extremely poor seeds, which
proved incapable of germinating. I examined many
flowers on both plants, and found the stigmas sponta-
neously covered with pollen; but they produced not a
single seed. These plants were afterwards left un-
covered in the same house where many other Cinerarias
were in flower; and the flowers were frequently visited
by bees. They then produced plenty of seed, but one
of the two plants less than the other, as this speci
shows some tendeney to be dicecios.

The trial was repeated on another variety with
white petals tipped with red. Many stigmas on two
corymbs were covered with pollen from the foregoing
purple variety, and these pro«luuml cleven and twenty-

* 1 am much obliged to Mr. lieves e cruentus, tus-
Moore and to Mr. Thisclton Dyer i iginis, and perhaps lm/zm,

for giving me with
Iagect o the vasietics on which  l buen S
1 experimented. Mr. Moore be-  gether in our Cinerarias.
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two seeds, which germinated well. A large number of
the stigmas on several of the other corymbs were re-
peatedly smeared with pollen from their own corymb;
but they yielded only five very poor seeds, which were
incapable of germination, Therefore the above threo
plants belonging to two varieties, though growing
vigorously and fertile with pollen from either of the
other two plants, were utterly sterile with pollen from
other flowers on the same plant.

Reseda odorata.—Having observed that certain in-
dividuals were selfsterile, I covered during the
summer of 1868 seven plants under separate nets, and
will call these plints A, B, C, D, B, I, 6. They all
appeared to be quite sterile with their own pollen,
but fertile with that of any other plant.

Fourteen flowers on A were crossed with pollen
from B or €, and produced thirteen fine capsules.
Sixteen flowers were fertilised with pollen from other
flowers on the same plant, but yielded not a single
capsule.

Tourteen flowers on B were crossed with pollen
from A, C, or D, and all produced capsules; some of
these were not very fine, yet they contained plenty of
seeds. Eighteen flowers were fertilised with pollen
from other flowers on the same plant, and produced
not one capsule.

Ten flowers on C were crossed with pollen from A,
B, D, or E, and produced nine fine capsules. Nineteen
flowers were fertilised with pollen from other flowers
on the same plant, and produced no capsules.

Ten flowers on D were crossed with pollen from
A, B, C, or E, and produced nine fine capsules.
Eighteen flowers were fertilised with pollen from other
flowers on the same plant, and produced no capsules.

Seven flowers on E were crossed with pollen from
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A, €, or D, and all produced fine capsules. Eight
flowers were fertilised with pollen from other flowers
on the same plant, and produced no capsules.

On the plants I and G no flowers were crossed, but
very many (number not recorded) were fertilised with
pollen from other flowers on the same plants, and these
did not produce a single capsule.

We thus see that fifty-five flowers on five of the
above plants were reciprocally crossed in various ways ;
several flowers on each of these plants being ferti-
Jised with pollen from several of the other plants.
These fifty-five flowers produced fifty-two capsules,
almost all of which were of full size and contained
an abundance of seeds. On the other hand, seventy-
nine flowers (besides many others not recorded) were
fertilised with pollen from other flowers on the same
plants, and these did not produce a s
In one case in which I examined the stigm:
flowers fertilised with their own pollen, these were
penetrated by the pollen-tubes, although such pene-
tration produced no effect. Pollen falls generally,
and T believe always, from the anthers on the stigmas
of the same flower; yet only three out of the
above seven protected plants produced spontaneously
any capsules, and these it might have been thought
must have been self-fertilised. There were altogether
seven such capsules; but as they were all seated close
to the artificially crossed flowers, I can hardly doubt
that a few grains of foreign pollen had accidentally
fallen on their stigmas. Besides the above seven
*plants, four others were kept covered under the same
large net; and some of these produced here and
there in the most capricious manner little groups
of capsules; and this makes me believe that a bee,
many of which settled on the outside of the net, being
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attracted by the odour, had on some one occasion
found an entrance, and had intercrossed a few of the
flowers.

In the spring of 1869 four plants raised from fresh
seeds were carefully protected under separate mets;
and now the result was widely different to what it was
before. Three of these protected plants became actually
loaded with capsules, especially during the carly part
of the summer; and this fact indicates that tempera-
ture produces some effect, but the experiment given
in the following paragraph shows that the innate con=
stitution of the plant is a far more important element.
The fourth plant produced only a few capsules, many
of them 5f small size; yet it was far more self-fertile =
than any of the seven plants tried during the previous
b The flowers on four small branches of this

sem “sterile plant were smeared with pollen from =
one of the other plants, and they all produced fine =
capsules.

‘As I was much surprised at the difference in the 4
results of the trials made during the two previous -
yea x fresh plants were protected by separate nets =
in the year 1870. Two of these proved almost com- =
pletely seltsterile, for on carefully searching them T
found only three small capsules, each containing either
one or two seeds of small size, which, however, ger-
minated. A few flowers on both these plants were
reciprocally fertilised with each other’s pollen, and
a few with pollen from one of the following self
fertile plants, and all these flowers produced fine
capsules. The four other plants whilst still remaining
protected beneath the mets presented a wonderful
contrast (though one of them in a somewhat less
degree than the others), for they became actually
covered with spontaneously self-fertilised capsules, as
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numerous as, or very nearly so, and as fine as those
on the unprotected plants growing near.

The above three spontaneously self-fertilised cap-
sules produced by the two almost completely self-
sterile plants, contained altogether five seeds; and
from these I raised in the following year (1871) five
plants, which were kept under separate nets. They
grew to an extraordinarily large size, and on August
29th were examined. At first sight they appeared
entirely destitute of capsules ; but on carefully search
ing their many branches, two or three capsules were
found on three of the plants, half-a-dozen on the
fourth, and about cighteen on the fifth plant. But all
these capsules were small, some being empty; the
greater number contained only a single seed, and very
rarely more than one. After this examination the
nets were taken off, and the bees immediately carried
pollen from one of these almost self-sterile plants
to the other, for no other plants grew near. After a
few weeks the ends of the branches on all five plants
became covered with capsules, presenting a curious
contrast with the lower and naked parts of the same
long branches. These five plants therefore inherited
almost exactly the same sexual constitution as their
parents; and without doubt a self-sterile race of
Mignonette could have been easily established.

Reseda lutea.—Plants of this species were raised
from seeds gathered from a group of wild plants grow-
ing at no great distance from my garden. After
casually observing that some of these plants were self-
sterile, two plants taken by hazard were protected
under separate mnets. One of these soon became
covered with spontaneously self-fertilised capsules, as
numerous as those on the surrounding unprotected
plants; so that it was evidently quite self-fertile.

© The Complete Work of Charles Darwin Online



340 SELF-STERILE PLANTS. Cmar. IX.

The other plant was partially self-sterile, producing
very few capsules, many of which were of small
size.  When, however, this plant had grown fall,
the uppermost branches became. pressed against the
net and grew crooked, and in this position the bees
were able to suck the flowers through the meshes, and
brought pollen to them from the neighbouring plants.
Theso branches then became loaded with capsules;
the other and lower branches remaining almost bare.
The sexual constitution of this species is therefore
similar to that of Reseda odorata.

Concluding Remarks on self-sterile Plants.

Tn order to favour as far as possible the self-fer-
tilisation of some of the foregoing plants, all the
flowers on Reseda odorata and some of those on the
Abutilon were fertilised with pollen from other
flowers on the same plant, instead of with their own
pollen, and in the case of the Senecio with pollen from
other flowers on the same corymb; but this made no
difference in the result. Fritz Miller tried both kinds
of self-fertilisation in the case of Bignonia, Taberni-
montana and Abutilon, likewise with no difference in
the result. With Eschscholtzia, however, he found
that pollen from other flowers on the same plant
was a little more effective than pollen from the
same flower. So did Hildebrand® in Germany ; as
thirteen out of fourteen flowers of Eschscholtzia thus
fertilised set capsules, these containing on an average
eds ;" whereas only fourteen flowers out of twenty-
one fertilised with their own pollen set capsules,
these containing on an average 9-0 seeds. Hildebrand

* « Pringsheinys Jahrbuch. fir wiss. Botanils vil. p. 467.
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found a trace of a similar difference with Corydalis
cava, as did Fritz Miiller with an Oncidinm.*
In considering the several cases above given of

complete or almost complete self-sterility, we are first
struck with their wide distribution throughout the
vegetable kingdom. Their number is not at present
large, for they can be discovered only by protecting
plants from insects and then fertilising them with
pollen from another plant of the sume species and with
their own pollen; and the latter must be proved to
be in an efficient state by other trials. Unless all
this be done, it is impossible to know whether their
selEsterility may not be due to the male or female
reproductive organs, or to both, having been affected
by changed conditions of life. As in the cowrse of my
experiments I have found three new cases, and as Fritz
Diller has observed indications of several others, it is
probable that they will hereafter be proved to be far
from rare.t

As with plants of the same species and parentage,
some individuals are self-sterile and others self-fertile,
of which fact Reseda odorata offers the most striking
instances, it is not at all surprising that species of
the same genus differ in this same manner. Thus
Verbaseun pheeniceun and nigrum are self-sterile, whilst
V. thapsus and lyelnitis are quite selffertile, as I
know by trial. There is the same difference between
some of the species of Papaver, Corydalis, and of other
genera.  Nevertheless, the tendency to self-sterility

certainly runs to a certain extent in groups, as we see

¢ Variation under Domesti-  Chronicle,’ 1368, p. 1286) states
cation. chap. xvii. 2ud edit. vol.  that Lilium auratum, Impatiens
ii. pp. 113-115, pallida and fulva, and Forsythia
Mr. Wilder, the editor of a  viridissima, cannot be fertilised
Torticultural journal in the United  with their own pollen.
States (quoted in * Gardeners’
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in the genus Passiflora, and with the Vandex amongst
Orchids.

Self-sterility differs much in degree in different,
plants. In those extraordinary cases in which pollen

from the same flower acts on the stigma like a poison,

it is almost certain that the plants would never yield a
single self-fertilised seed. Other plants, like Corydalis
cava, occasionally, though very rarely, produce a few
self-fertilised seeds. A large number of species, as
may be seen in Table F, are less fertile with their own
pollen than with that from another plant ; and lastly,
some species are perfectly seli-fertile. Even with the
individuals of the same species, as just remarked,
some are utterly -sterile, others moderately so, and
some perfectly self- ertile. The cause, whatever it may:
be, which renders many plants more or less sterile
with their own pollen, that is, when they are self-
fertilised, must be different, at least to a certain extent,
from that which determines the difference in height,
vigour, and fertility of the seedlings raised from self-
fertilised and crossed seeds; for we have already

seen that the two classes of cases do not by any means -
run parallel. This want of parallelism would be -

intelligible, if it could be shown that self-sterility
depended solely on the incapacity of the pollen-tubes
to penetrate the stigma of the same flower deeply:
enough to reach the ovules ; whilst the greater or less
vigorous growth of the seedlings no doubt depends on
the nature of the contents of the pollen-grains and
ovules. Now it is certain that with some plants the
stigmatic secretion does not properly excite the pollen-
grains, so that the tubes are not properly developed,
if the pollen is taken from the same flower. This is
the case according to Fritz Miller with Eschscholtzia,
for he found that the pollen-tubes did not penetrate
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the stigma deeply ;* and with the Orchidaceous genus
Notylia they failed altogether to penetrate it. «

With dimorphic and_trimorphic species, an illegiti-
mate union between plants of the same form presents
the closest analogy with self-fertilisation, whilst a
legitimate union closely resembles cross-fertilisation ;
and here again the lessened fertility or complete
sterility of an illegitimate union depends, at least in
part, on the incapacity for interaction between the
pollen-grains and stigma. Thus with Linum grandi-
Jlorum, as I have elsewhere shown,t not more than two
or three out of hundreds of pollen-grains, either of the
long-styled or short-styled form, when placed on the
stigma of their own form, emit their tubes, and these
do not penetrate deeply; nor does the stigma itself
change colour, as oecurs when it is legitimately
fertilised.

On the other hand the difference in innate fertility,
a well as in growth between plants raised from crossed
and self- ieltlhsed seeds, and the difference in fertility
and growth between the legitimate and illegitimate
offspring of dimorphic and trimorphic plants, must
depend on some incompatibility between the sexual
elements contained within the pollen-grains and ovules,
as it is through their union that new organisms are
developed.

If we now turn to the more immediate cause of
self-sterility, we clearly see that in most cases it is de-
termined by the conditions to which the plants have
been subjected. Thus Eschscholtzia is completely self-
sterile in the hot climate of Brazil, but is perfectly
fertile there with the pollen of any other individual.
The offspring of Brazilian plants became in England

* ¢Bot. Zeitung,’ 1868,pp.114, 1 “Journal of Linn. Soc. Bot.’
115, vol. vii. 1863, pp. 73-75.
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in a single generation partially self- fertile, and still
more so in “the second generation. (;omusely, the
oﬂ\punﬂ of English pl(mts, after growing for two
asons in Brazil, became in the first ﬂ(,nemtlon quite
3 Again, Abutilon darwinii, which is self=
s native home of Brazil, becam® mode-
ly self-fextile in a single generation in an English
hothouse. Some other plants are self-sterile during the
y part of the year, and later in the season become
ile. Passiflora alata lost its self-sterility when
d on another species.  With Reseda, however,
vhich some individuals of the same parentage are
erile and others are self-fertile, we are forced in
nce to speak of the cause as due to spon-
taneous variability ; but we should remember that the
mnitors of these plants, either on the male or
ale side, may have been exposed to somewhat
different conditions. The power of the environment
thus to affect so readily and in so peculigr a mannd
the reproductive organs, is a fact which has many
important bearin and I have therefore thought
the foregoing det worth giving. For instance, the
sterility of many animals and pl.mts under changed
conditions of life, such as confinement, evidently comes
within the same general principle of the sexual
system being easily affected by the environment. It
has already ‘heen proved, that a cross between plants
which have been self-fertilised or intercrossed during
several generations, having been kept all the time
under closely similar con(lmons, does not benefit
the offspring; and on the other hand, that a cross
between plants that have been subjected to different:
conditions benefits the offspring to an extraordinary
degree.  We may therefore conclude that some degree
of (hﬂmen(ntmn in the sexual system is necessary for
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the full fertility of the parent-plants and for the full
vigour of their offspring. It seems also probable that
with those plants which are capable of complete self-
fertilisation, the male and female elements and organs
already differ to an extent sufficient to excite their
mutual interaction ; but that when such plants are
taken to another country, and become in consequence
self-sterile, their sexual elements and organs are so
acted on as to be rendered too uniform for such inter-
action, like those of a self-fertilised plant long
cultivated wider the same conditions. Conversel

may further infer that plants which are se!
their native country, but become self-fertile under
changed conditions, have their sexual elements so acted
on, that they become sufficiently differentiated for
mutual interaction.

We know that self-fertilised seedlings are inferior in
many respects to those from a cross; and as with
plants in a state of nature pollen from the same
flower can hardly fail to be often left by insects or by
the wind on the stigma, it seems at first sight highly
probable that self-sterility has been gradually acquired
through natural selection in order to prevent self-
fertilisation. It is no valid objection to this belief
that the structure of some flowers, and the dichogamous
condition of many others, suffice to prevent the pollen
reaching the stigma of the same flower; for we should
remember that with most species many flowers
expand at the same time, and that pollen from the
same plant is equally injurious or nearly so as
that from the same flower. Nevertheless, the belief
that self-sterility is a quality which has been gradually
acquired for the special purpose of preventing self-
fertilisation must, I believe, be rejected. In the
first place, there is no close correspondence in degree
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between the sterility of the parent-plants when self-
fertilised, and the extent to which their offspring suffer
in vigour by this process; and some such correspon-
dence might have been expected if self-sterility had
been acquired on account of the injury caused by self-
fer tion. The fact of individuals of the same
parentage differing greatly in their degree of self-
sterility is likewise opposed fo such a belief; unless,
indeed, we suppose that certain individuals haye
been rendered self-sterile to favour intercrossing,
whilst other individuals have been rendered self-
fertile to ensure the propagation of the species. The
fact of self-sterile individuals appearing only occa-
sionally, as in the case of Lobelia, does not counte-
nance this latter view. But the strongest argument
against the belief that self-sterility has been acquired
to prevent self-fertilisation, is the immediate and
powerful effect of ehanged conditions in either causing:
or in removing self-sterility. We are not therefore
justified in admitting that this peculiar state of the
reproductive system has been gradually acquired
through natural selection ; but we must look at it as
an incidental result, dependent on the conditions to
which the plants have been subjected, like the ordinary
sterility caused in the case of animals by confinement,
and in the case of plants by too much manure, heat, &e.
I do not, however, wish to maintain that self-sterility
may not sometimes be of service to a plant in preventing
sell-fertilisation ; but there are so many other means
by which this result might be prevented or rendered:
difficult, including as we 1 see in the next chapter
the prepotency of pollen from a distinet individual
over a plant’s own pollen, that self-sterility seems an
almost superfluous acquirement for this purpose.
TFinaily, the most interesting point in regard to self~
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sterile plants is the evidence which they afford of the
advantage, or rather of the necessity, of some degree or
kind of differentiation in the sexual elements, in order
that they should unite and give birth to a new being.
Tt was ascertained that the five plants of Reseda odorata
which were selected by chance, could be perfectly
fertilised by pollen taken from any one of them, but
not by their own pollen; and a few additional trials
were made with some other individuals, which T have
not thought worth recording. So again, Hildebrand
and Fritz Miller frequently speak of self-sterile plants
being fertile with the pollen of any other individual;
and if there had been any exceptions to the rule, these
could hardly have escaped their observation and my
own. We may therefore confidently assert that a
self-sterile plant can be fertilised by the pollen of any
one out of a thousand or ten thousand individuals of
the same species, but not by its own. Now it is
obviously impossible that the sexual organs and
elements of every individual can have been specialised
with respect to every other individual. But there
is no difficulty in believing that the sexual elements
of each differ slightly in the same diversified manner
as do their external characters; and it has often been
remarked that mo two individuals are absolutely
alike. Therefore we can hardly avoid the conclusion,
that differences of an analogous and indefinite nature
in the reproductive system are sufficient to excite the
mutual action of the sexual elements, and that unless
there be such differentiation fertility fails.

The appearance of highly self-fertile Varieties—We
have just seen that the degree to which flowers are
capable of being fertilised with their own pollen differs
much, both with the species of the same genus, and
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sometimes with the individuals of the same species.
Some allied cases of the appearance of varieties which,
when self-fertilised, yield more seed and produce ofi-
spring growing taller than their self-fertilised parents,
or than the intercrossed plants of the corresponding
generation, will now be considered.

Firstly, in the third and fourth generations of
Mimulus luteus, a tall variety, often alluded to,
having large white flowers blotehed with erimson,
appeared amongst both the intercrossed and self-
fertilised plants. It prevailed in all the later self
fertilised generations to the exclusion of every other
variety, and transmitted its characters faithfully, buf
disappeared from the intercrossed plants, owing no
doubt to their characters being repeatedly blended by
crossing. The self-fertilised plants belonging to this
y were not only taller, but more fertile than the
ed plants ; though these latter in the earlier
generations were much taller and more fertile than the
self-fertilised plants. Thus in the fifth generation the
self-fertilised plants were to the intercrossed in height
as 126 to 100. In the sixth generation they were
likewise much taller and finer plants, but were not
actually measured ; they produced capsules compared
with those on the intercrossed plants, in number, as 147
to 100; and the sel lised capsules contained a
greater number of seeds. In the seventh generation
the self-fertilised plants were to the crossed in height
s 137 to 100; and twenty flowers on these self-fer-
ilised plants fertilised with their own pollen yielded
nineteen very fine capsules,—a degree of self-fertility
which I have not seen equalled in any other case. This
variety seems to have become specially adapted to profit
in every way by self-fertilisation, although this process
was so injurious to the parent-plants during the first

vari

interci
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four generations. It should however be remembered
that seedlings raised from this variety, when crossed by
a fresh stock, were wonderfully superior in height and
fertility to the self-fertilised plants of the corresponding
generation.

Secondly, in the sixth self-fertilised generation of
Tpomeea a single plant named the Hero 4111171‘.“‘«‘(1 which
exceeded by a little in height its intercrossed opponent,
—a case which had not occurred in any previous
generation. Hero transmitted the peculiar colour of
its flowers, as well as its increased tallness and a high
degree of self-fertility, to its children, grandchildren,
and great-grandchildren. The self-fertilised children
of Hero were in height to other self-fertilised pl
of the same stock as 100 to 85. Ten self-fertili
capsules produced by the grandehildren contained on
an average 5°2 seeds; and this is a higher average
than was yielded in any other generation by the
capsules of self-fertilised flowers. The great-grand-
children of Hero derived from a cross with a fresh
stock were so unhealthy, from having been grown at
an unfayourable season, that their average height in
comparison with that of the self-fertilised plants
cannot be judged of with any safety; but it did not
appear that they had profited even by a cross of this
kind.

Thirdly, the plants of Nicotiana on which I experi-
mented appear to come under the present class of
cases; for they varied in their sexual constitution
and were more or less highly selffertile. They
were probably the offspring of plants which had been
spontaneously self-fertilised under glass for several
generations in this country. The flowers on the
parent-plants which were first fertilised by me with their
own pollen yielded half again as many seeds as did
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those which were crossed; and the seedlings raised
from these self-fertilised seeds exceeded in height
those raised from the crossed seeds to an extraordinary
degree. In the second and third generations, although
the self-fertilised plants did not exceed the crossed in
height, yet their self-fertilised flowers yielded. on two
occasions considerably more seeds than the crossed
flowers, even than those which were crossed with pollen
from a distinet stock or variety.

Lastly, as certain individual plants of Reseda odorata
and Zutea are incomparably more self-fertile than other
individuals, the former might be included under the
present heading of the appearance of new and highly
seli-fertile varieties. But in this case we should have
to look at these two species as normally self-sterile;
and this, judging by my experience, appears to be the
correct view. )

We may therefore conclude from the facts now given,
sometimes arise which when selffer-
tilised possess an increased power of producing seeds
and of growing to a greater height, than the inter-
crossed or self-fertilised plants of the corresponding
generation—all the plants being of course subjected
to the same conditions. The appearance of such
varieties is interesting, as it bears on the existence
under nature of plants which regularly fertilise them=
selves, such as Ophrys apifera and a few other orchids,
or as Leersia oryzoides, which produces an abundance
of cleistogene flowers, but most rarely flowers capable
of crossfertilisation.

Some observations made on other plants lead me
to suspect that self-fertilisation is in some respects
beneficial ; although the benefit thus derived is as &
rule very small compared with that from a cross with
a distinct plant. Thus we have seen in the last chapter
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that seedlings of Ipomcea and Mimulus raised from
flowers fertilised with their own pollen, which is the
strictest possible form of self-fertilisation, were superior
in height, weight, and in early flowering to the seedlin
raised from flowers erossed with pollen from other flow
on the same plant; and this superiority apparently w:
too strongly marked to be accidental. Again, the cul-
tivated varieties of the common pea are highly self-
fertile, although they have been self-fertilised for many
generations; and they exceeded in height seedlings
from a cross between two plants belonging to the same
variety in the ratio of 115 to 100 ; but then only four
pairs of plants were measured and compared. The
self-fertility of Primula wveris increased after several
generations of illegitimate fertilisation, which is a
process closely analogous to self-fextilisation, but only
as long as the plants were cultivated under the same
favourable conditions. I have also elsewhere shown*
that with Primula veris and sinensis, equal-styled
varieties occasionally appear which possess the sexual
organs of the two forms combined in the same flower.
Consequently they fertilise themselves in a legitimate
manner and are highly self-fertile ; but the remarkable
fact is that they are rather more fertile than ordinary
plants of the same species legitimately fertilised by
pollen from a distinct individual. Formerly it appeared
to me probable, that the increased fertility of these
dimorphic plants might be accounted for by the stigma
lying so close to the anthers that it was impregnated at
the most favourable age and time of the day; but this
cxplanation is not applicable to the above given cases,
in which the flowers were artificially fertilised with
their own pollen.

* ¢Journal Limn, Soe. Bot.” vol. x. 1867, pp. 417, 119,
15
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Considering the facts now adduced, including the
appearance of those varieties which are more fertile
and taller than their parents and than the intercrossed
plants of the corresponding generation, it is difficulf -
to avoid the suspicion that self-fertilisation is in some
respects advantageous; though if this be really the
case, any such advantage is as a rule quite insignifi-
cant compared with that from a cross with a distinet
plant, and 9\pocmllv with one of a fresh stock. Should:
this suspicion be hereafter verified, it would throw:
light, as we shall see in the next chapter, on the exist-
ence of plants bearing small and inconspicuous flowers
which are rarely visited by insects, and therefore are
rarely intercrossed.

Relative Weight and Period of Germination of Seeds
Sfrom crossed and self-fertilised Flowers—An equal
number of seeds from flowers fertilised with pollen from
another plant, and from flowers fertilised with their own
pollen, were weighed, but only in sixteen cases. Their
relative weights are given in the following list; that
of the seeds from the crossed flowers being taken as 100.

Ipomea T (parentplants) . . . . . . . as100to 127
(third on). M

5 © om0

B o
Ko et et R
Delphinium consolida . EROE e
Hibiscns afrieanus. . . o o . L s e omop i
Tropaolum minus Lo S G AR
Lathyrus odoratus (about) . . . . . . o . .+ 3 u 100
ofhamaus scopirius .. R
. B

: o nony

g » o» ML

» w0

n, 0o
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It is remarkable that in ten out of these sixteen
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cases the self-fertilised seeds were either superior or
equal to the erossed in weight nevertheless, in six out
of the ten cases (viz., with Ipomcea, Salvia, Brassica,
Tropwolum, Lathyrus, and Nemophila) the plants
raised from these self-fertilised seeds were very inferior
in height and in other respects to those raised from the
crossed seeds. The superiority in weight of the self-
fertilised seeds in at least six out of the ten cases,
namely, with Brassica, Hibiscus, Tropaolum, Nemophila,
Borago, and Canna, may be accounted for in part by
the self-fertilised capsules containing fewer seeds; for
when a capsule contains only a few seeds, these w ill be
apt to be better nourished, so as to be heavier, than
when many are contained in the same capsule. It
should, however, be observed that in some of the above
cases, in which the crossed seeds were the heaviest, as
with Sarothamnus and Cyclamen, the crossed capsules
contained a larger number of seeds. Whatever may be
the explanation of the self-fertilised seeds being often
the heaviest, it is remarkable in the case of Brassica,
Tropaeolum, Nemophila, and of the first generation of
Tpomeea, that the seedlings raised from them were
inferior in height and in other respects to the seed-
lings raised from the crossed seeds. This fact shows
how superior in constitutional vigour the crossed seed-
lings must have been, for it cannot be doubted that
heayy and fine seeds tend to_yicld the finest plants.
2. Galton has shown that this Rolds good with Zathyrus
odoratus ; as has Mr. A. J. Wilson with the swedish
turnip, Brassica campestris ruta baga. Mr. Wilson
separated the largest and smallest seeds of this latter
plant, the ratio between the weights of the two lots
being as 100 to 59, and he found that the seedlings
& from the larger seeds took the lead and maintained
* their superiority to the last, both in height and thick-
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ness of stem.”* Nor can this difference in the growth
of the seedling turnips be attributed to the heavier
seeds having been of crossed, and the lighter of self~
fertilised origin, for it is known that plants belonging:
to this genus are habitually intercrossed by insects.
With respect to therelative period of germination of
crossed and self-fertilised seeds, a record was kept in
only twenty-one cases; and the results are very per-
plexing. L\eﬂec(nm one case in which the two lots
germinated slmulmueonslv in ten cases or exactly one-
half many of the self-fertilised seeds germinated hefore
the crossed, and in the other half many of the crossed
before the self-fertilised. In four out of these twenty
cases, seeds derived from a cross with a fresh stoek
were compared with self-fertilised seeds from one of the
later self-fertilised generations ; and here again in half
o) banos e onomcl enabie 1 T other half the
self-fertilised seeds, germinated first. Yet the seedlings
of Mimulus raised from such self-fertilised seeds were
inferior in all respects to the crossed seedlings, and in
the case of Eschscholtzia they were inferior in fertility.
Unfortunately the relative weight of the two lots of
seeds was ascertained in only a few instances in which
their germination was observed ; but with Ipomeea and
T believe with some of the other species, the relative
lightness of the self-fertilised seeds apparently deter-

% s Gardeneny Chroniele; 187,
p. 107. iseleur-Deslongchamp
© Le;CLn_LlA s, 1842, pp. 208-219)
was led by his observations to
the extraordinary conclusion that
the smaller grains of cereals pro-
duce as fine plants as the large.
conclusiou is, however, con-

success in improving wheat by
the selection of the finest grains.
1t is possibie, however, that mun,

by long-continued selection, may
lave given to the grains of the
cereals a grenter amount of starch
or other matter, than the seeds
lings can utilise for their gmwth.
There can be little doubt, as
Humboldt long ago remarked,
that the grains of cercals hae
been rendered attractive to birds

a degree which is highly in-
jurious to the speeies.
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mined their early germination, probably owing to the
smaller mass being favourable to the more rapid com-
pletion of the chemical and morphological changes
necessary for germination. On the other hand, Mr.
Galton gave me seeds (no doubt all self-fertilised) of
Lathyrus odoratus, which were divided into two lots of
heavier and lighter seeds; and several of the former
germinated first. It is evident that many more observa-
tions are necessary before anything can be decided
with respect to the relative period of germination of
crossed and self-fertilised seeds.
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CHAPTER X.
MEaNs oF FERTILISATION.

Sterility and fertility of plants when inseets are excluded—The means
\ flowers are cross-fertilised—Structures favourable to self-
ion—Relation between the structure and conspicuousness
the visits of insects, and the advantages of cross-fertilisa-
tion—The means by which flowers are fertilised with pollen
from a distinet plant—Greater fertilising power of such pollen:
—Anemophilous species—Conversion of anemophilous specics info
Origin of nect plants generally
havo their sexes separated —Conversion of diclinous into herma-
phrodite flowers—Trees often have their sexes separated.

Ix the introductory chapter T briefly specified the
various means by which cross-fertilisation is favoured
or ensured, namely, the separation of the sexes,—the
maturity of the male and female sexual elements at
different periods, — the heterostyled or dimorphie
and trimorphic condition of certain plants, —many
mechanical contrivances,—the more or less complete
inefficiency of a flower’s own pollen on the stigma,—and
the prepotency of pollen from any other individual
over that from the same plant. Some of these points«
require further consideration; but for full details T
must refer the reader to the several excellent works
mentioned in the introduction. I will in the first place
ve two lists : the first, of plants which are either quite
s(oulc or produce less than about half the full com-
plement of seeds, when insects are excluded; and a
second list of plants which, when thus treated, are fully
fertile or produce at least half the full complement
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of seeds. These lists have been compiled from the
several previous tables, with some additional cases from
my own ohservations and those of others. The species
are armanged nearly in the order followed by Lindley -
in Lis ¢ Vegetable Kingdom. The reader should
observe that the sterility or fertility of the plants in
these two lists depends on two wholly distinet causes;
namely, the absence or presence of the proper means
by which pollen is applied to the stigma, and its less
or greater efficiency when thus applied.  As it is
obyious that with plantsin which the sexes are separate, -
pollen must be carried by some means from flower to
flower, such species are excluded from the lists; as
are likewise dimorphic and trimorphic plants, in which
the same necessity occurs to a limited extent. Tx-
perience has proved to me that, independently of the
exclusion of insects, the seed-bearing power of a plant
is not lessened by covering it while in flower under a
thin net supported on a frame ; and this might indeed
have been inferred from the consideration of the two
following lists, as they include a considerable nuniber
of species belonging to the same genera, some of which
are quite sterile and others quite fertile when protected
by a net from the access of insects.

List of Plants which, when Insects are excluded, are either
quite sterile, or produce, as far as I could judge, less
than half the number of Seeds produced by unpro-
tected Plants.

Passifiora alata, racemosa, cerulea, edulis, larifolia, and some
individuals of P. is (Passi ), are quite
sterile under these conditions : see ¢ Variation of Animals
and Plants under Domestication, chap. xvii. 2nd edit. vol.
p. 118,

Viola canina (Violacew)—Perfect flowers quite sterilo unless
fertilised by bees, or artificially fertilised.

.
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V. tricolor.—Sets very few and poor capsules.

Reseda odorata (Resedacerm).—Some individuals quite sterile.

R, lutea—Some individuals produce very few and poor cap-
sules.

Abutilon darwinii (Malvacez). Quite sterile in Brazil: see
previous discussion on sel-sterile plants.

Nymphcea (Nympheacew)—Professor Caspary informs me that
some of the species are quite sterile if insects are excluded.

Euryale amazonica (Nymphsaces)—Mr. J. Smith, of Kew, in-
forms me that capsules from flowers loft to themselves, and
probably mot visited by insects, contained from eight fo it
teen seeds; those from flowers artificially fertilised with
pollen from other flowers on the same plant contained from
fifteen to thirty seeds; and that two flowers fertilised with
pollen brought from another plant at Chatsworth contained
respectively sixty and seventy-five seeds. I have given
these statements because Professor Caspary advances this
plant as a case opposed to the doctrine of the necessity o
advantage of cross-fertilisation: see Sitzungsberichte der
Phys.-ikon. Gesell. zu Konigsberg, B. vi. p. 20.

Delphinium consolida (Ranunculacez) —Produces many capsules,
but these contain only about half the number of seeds com=
pared with capsules from flowers naturally fertilised by
bees.

Fscliselltzia. californica (Papaveraces).—Brazilian plants quite
sterile: English plants produce a few capsules.

Pupaver vagum (Papaveracew).—1In the early part of the summer
produced very few capsules, and these contained very few
seeds.

P. alpinum.—TH. Hoffmann (‘ Speciesfrage, 1875, p. 47) states
that this species produced seeds capable of germination only,
on one occasion.

Corydalis cava (Fumariaces)—Sterile: sce the previous discus-
sion on self-sterile plants.

¢ solida—T had a_ single plant in my garden (1863), and saw.
many hive-bees sucking the flowers, but not a single seed
was produced. T was much surprised at this fact, as Pro-
fossor Hildebrand’s discovery that €. cava is sterile with its
own pollen had not then been made.  He likewise concludes
from the few experiments which he made on the present
species that it is self-sterile. The two foregoing cases are
interesting, because botanists formerly thought (see, for

.
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instance, Tecog, * De la Fécondation et de IHybridation,
1845, p. 61, and Lindloy, Vegetable Kingdom,’ 1853, p. 436
that all the species of the Fumariaces were specially adapted
for self-fertilisation.

€. Tutea—A covered-up plant produced (1861) exac
‘many capsules as an exposed plant of the same
ing close alongside.  When humble-bees
(and T repeatedly saw them thus acting) the lower pefals
suddenly spring downwards and the pistil upwards; this
is due fo the elasticity of tho parts, which fakes effect, as
soon as the coherent edges of the hood are separated by the
entrance of an insect. Unless inseets visit the flowers the
parts do not move, Neverfheless, many of the flowers on
the plants which 1 had protected produced capsules, not-
withstanding that their petals and pistils still retained their
orieinal position; and I found to my surprise that theso
capsules contained more seeds than those from. flowers, the
petals of which had been artificially separated and allowed
fo spring apurt. Thus, nine capsules produced by undis-
turbed flowers contained fifty-three seeds; whilst nine cap-
sules from flowers, the petals of which had been artificially
separated, contained only thirty-two seeds. But we should
remember that if bees had been permitted to visit these
flowens, they would have visited them at the best time for
fortilisation. The flowers, the petals of which had been
artificially separated, set their capsules before those which
Were left undisturbed under the net. To show with what
certainty the flowers are visited by bees, I may add that
on one occasion all the flowers on some unprotected plants
ere examined, and every single one had its petals scpa-
rated; and, on a second occasion, forty-one out of forty-
throe flowers were in this state. Hildebrand states (Pring.
Jahr, £, wiss. Botanik, B. vii, p. 450) that the mechanism
of the paxts in this species i nearly the same as in C. achro-
Jeuca, which he has fully deseribed.

Hypecoun grandifiorum (Fumaniacer) —Highly self sterile (HLil-
debrand, ibid.).

Kulmia latifolia (Bricacew)—Mr. W. J. Beal says (‘ American
Naturalist; 1867) that flowers protected from insects wither
and dxop of, with *most of the anthers still remaining in
the pockets.”

Pelurgonium zonale (Geraniacez).—Almost sterile; one plant
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produced two fruits. Tt is probable that different varieties
would differ in this respect, as some are only feebly dicho~
gamous.

Dianthus caryophyllus (Caryophyllaces)—Produces very fow
capsules, which contain any good seed

Phaseolus multiflorus (Leguminosm). — Plants protected from
insects produced on two occasions about one-third and one-
cighth of the full number of seeds: see my article in
<Gardeners’ Chronicle; 1857, p. 225, and 1858, p. 828 also
< Annals and Mag. of Natural History, 3rd series, vol. il
1858, p. 462, Dr. Ogle (* Pop. Science Review, 1870, p. 168)
found that a plant was quite sterile when covered up. The
flowers are not visited by insects in Nicaragua, and, aceord=
ing to Mr. Belt, the species is there quite sterile: “The
Nuturalist in Nicaragua,” p. 70.

Vicia faba (Leguminose) —Seventeen covered-up plants yielded
40 beans, whilst seventeen plants loft unprotected and
erowing close alongside produced 135 beans; these latter
plants were, therefore, between three and four times more
fortile than the protected plants: see ¢ Gardeners’ Chronicle”
for faller details, 1838, p. 828.

Erythrina (sp.?) (Leguminose).—Sir W. MacArthur informed
me that in New South Wales the flowers do not set, unless
the petals are moved in the same mammer as is done by
inseets.

glandiflorus (Leguminose).—Ts in this country more o

sterile. It never sets pods unless the flowers are visited
by humble-bees (and this happens only rarely), or unless
they are artificial ilised : see my article in * Gardenexs’
Chronicle,’ 1858, p. 828,

scoparius (1 i ixtremely sterile when
the flowers are neither visited by bees, nor disturbed by
boing beaten by the wind against the surrounding net.

Mlilotus qficinalis (Leguminoss).—An unprotected plant visited
by bees produced at least thirty times more seeds than a
protected one.  On this latter plant many scores of Tacemes
did not produce a single pod; several racemes produced
each one or two pods; five produced three; six produced
four; and one produced six pods. On the unprotected plant
cach of several racemes produced fifteen pods; nine pro-
duced between sixteen and twenty-two pods, and one
produced thirty pods.
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Lotus corniaul Leguminosw).—Soveral d-up plants

C
produced only two empty pods, and not a single good sced.

Trifolium repens (Leguminosm).—Several plants were protected

from insects, and the seeds from ten flower-heads on these
plants, and from ten heads on other plants growing outside
the et (which I saw Visited by bees), were counted ; and
the seeds from the latter plants were very nearly ten times
as numerous as those from the protected plants, The ex-
periment was repeated on the following year; and twenty
protected heads now yielded only a single aborted sced,
whilst twenty heads on the plants outside the net (which T
saw visited by bees) yielded 2290 seeds, as caloulated hy
weighing all the seed, and counting the number in a weight
of two grains.

7, pratense—One hundred flower-heads on plants protected by

a net did not produce & single seed, whilst 100 heads on.
plants growing outside, which were visited by bees, yiclded
68 grains weight of seeds; and as eighty sceds weighed two
grains, the 100 heads must have yielded 2,720 seeds. I have
often watched this plant, and have never seen hive-becs
sucking the flowers, except from the outside through holes
bitten by humble-bees, or deep down between the flowers, as
if in search of some secretion from the calyx, almost in the
samo manner as described by Mr. Farrer, in the case of
Coronilla (‘Nature, 1874, July 2, p. 169). I must, how-
ever, except one occasion, when an adjoining ficld of sainfoin
(Hedysarum onobrychis) had just been cut down, and when
the bees seemed driven to desperation. On this occasion
most of the flowers of the clover were somewhat withered,
and contained an extraordinary quantity of mectar, which
the hees wero ablo to suck. An experienced apiarian,
M. Miner, says that in the United States hive-bees never
suck the red clover; and Mr. R. Colgate informs me that
ho has observed the same fact in New Zealaud after the
introduction of the hive-bee into that island. On the other
hand, H. Miller (‘ Befruchtung,’ p. 224) has offen seen hive-
bees visiting this plant in Germany, for the sake both of
pollen and nectar, which latter they obtained by breaking
apart the petals. 1t is at least certain that humble-bees are
the chief fertilisers of the common red clover.

1. @

.—The fi head ining ripe seeds, on some
covered and uncovered plants, appeared equally fine, but
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this was a false appearance; 60 heads on the latter yielded
349 grains weight of seeds, whereas 60 on the covered-up
plants yiclded only 63 grains, and many of the seeds in the
Jatter lot were poor and aborted. Therefore the flowers
which were visited by bees produced between five and six
times as many sceds as those which were protected. The
covered-up plants not having been much exhausted by seed-
hearing, bore a second considerable crop of flower-stems,
\whilst the exposed plants did not do so.

Cytisus laburnum (Leguminose).—Seven flower-racemes ready to
expand were enclosed in a large bag made of net, and they
did not seem in the least injured by this treatment. Only
three of them produced any pods, each a single one; and
these three pods contained one, four, and five seeds. So
that only a single pod from the seven racemes included @

_ fair complement of seeds.

Cuphea purpurea (Lythracezs)—Produced no seeds. Other flowets
on the same plant artificially fertilised under the net yielded
seeds.

Vinca major (Apocynace)—Is generally quite sterile, but somes
4imes sets seeds when artificially cross-fertilised: see my
otice, ¢ Gardeners’ Chronicle,’ 1861, p. 552.

V. roser.—Behaves in the same manmer as the last species:
« Gardeners’ Chronicle,’ 1861, pp. 699, 736, 831.

Tabernemontana cchinata (Apocynaces)—Quite sterile.

Petunia violacea (Solanacem).—Quite sterile, as far as I have
observed.

Solanumtuberosum (Solanacew).—Tinzmann says (* Gardenais’
Chronicle; 1846, p. 183) that some varieties are quite sterile
unless fertilised by pollen from another variety.

Primula scotica (Primulacew).—A non-dimorphic species, which
is fertile with its own pollen, but is extremely sterile if
inseets are excluded. J. Scott, in  Journal Linn. Soc. Bot.”
vol. viii. 1864, p. 119.

Cortusa. matthioli (Primulaces).—Protected plants completely.
stexilo; artificially selt-fertilised flowers perfectly fertile.
J. Scott, ibid. p. 84

Cyelimen persicum (Primulacew).—During ono season several
covered-up plants did not produce a single seed.

Borago oficinalis (Boraginacew)—Protected plants produced
about half as many seeds as the unprotected.

Sadvia tenori (Labiate).—Quite sterile; but two or three flowers
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on the summits of three of the spikes, which touched the

net when the wind blew, produced a few seeds. This

sterility was not due to the injurious effects of the net, for T

fertilised five flowers with pollen from an adjoining plant,

and these all yielded fine seeds. T removed the nef, whilst
one liftle branch still bore a few not completely faded
flowers, and these were visited by bees and yielded seeds.

coccinea—Some covered- -up plants produced a good many
fruits, but not, I think, half as many as did the uncovered
plants ; twenty-eight of the fruits produced
by the protected plant contained on an average only 1°45
seeds, whilst some artificially self-fertilised fruits on the

same plant contained more than twice as many, viz., 33

seeds.

Bignonia (unnamed species) (Bignoniacez).—Quite sterile: see
my account of self-stexile plants.

Digitalis purpurea (Serophulariacez)—Extremely sterile, only a
few poor capsules being produced.

Linaria vulgaris (Serophulariaces).—Extremely sterile.

Autirrhinum majus, ved var. (Scrophulariacce)—TFifty pods
gathered from a large plant under a net contained 9°8 grains
Weight of seeds; but many (unfortunately not counted) of
the fifty pods contained mo seeds. Tifty pods on a plant
fully exposed to the visits of humble-hees contained 231
grains weight of seed, that is, more than twice the weight;
Tut in this case again, several of the fifty pods contained no
seeds.

. majus (white var., with a pink mouth to the corolla).—
Fifty pods, of which only a very few were empty, on a
covered-up plant confained 20 grains weight of seed; so
that this variety seems to be much more self-fertile than
the previous ome. With Dr. W. Ogle (‘Pop. Science
Review, Jan. 1870, p. 52) a plant of this species was much
more sterile when protected from insects than with me, for
it produced only two small capsules. As showing the
efficiency of bees, I may add that Mr. Crocker castrated some
young flowers and left them uncovered; and these produced
as many seeds as the unmutilated flowers.

A. majus (peloric var.)—This variety is quite fertile when arti-
ficially fertilised with its own pollen, but is utterly sterile
when left to itsclf and uncovered, as humble-bees cannot
cravl into the narrow tubular flowers.

>
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Verbascum phenicewm (Scrophulariaces).—Quite sterile }SEC my g
: - 5 count of el

V. nigrum.—Quite sterile SRR Storilsplantey

Campanula carpathica (Lobeliacez) —Quito sterile.

Lobelia ramosa (Lobeliaces).—Quite sterile.

L. fulgens—This plant is never visited in my garden Dby boes,
and is quite sterile; but in a nursery-garden at a fow miles”
distance I saw humble-bees visiting the flowers, and they
produced some capsules.

Tsotoma (a white-flowered var.) (Lobelincer).—Five plants lefé
unprotected in my greenhouse produced twenty-four fine
capsules, containing altogether 12°2 grains weight of seed,
and thirteen other very poor capsules, which were rejected.
Five plants protected from insects, but otherwise exposed
to the same conditions as the above plants, produced sixteen
fine capsules, and twenty other very poor and rejected ones.
T sixteen fine capsules contained seeds by weight in such
proportion that twenty-four would have yielded 4:66
grains. So that tho unprotected plants produced nearly
thrice as many seeds by weight as the protected plants.

Tesclenaultia formosa (Goodeniacex)—Quite sterile. My experi-
ments on this plant, showing the mecessity of insect aid,
are given in the ¢ Gardeners’ Chronicle; 1871, p. 1166.

Senceio cruentus (Compositwe).—Quite sterile: sce my account of
self-sterile plants. .

Teterocentron mewicanum (Malastomacez).—Quite sterile; bub
this species and the following members of the group pro-
duce plenty of seed when artificially self-fertilised.

Rhewia I —Set Iy only two
or three capsules.

Centradenia flordunda (Melastomaces).—During some years pro-
dnced spontancously two or threo capsules, sometimes
none.

Pleoma (unmamed species from Kew) (Melastomacew) —During
somo years produced spontancously two or three capsules.
sometimes none.

ensiferum (M —During some years pro-
duced spontaneously two or three capsules, sometimes
none.

Hedychium (unnamed species) (Marantaces).—Almost self-sterile
without aid.

Orchidew—An immense proportion of the species sterile, if
insects are excluded.
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List of Plants, which when protected from Insects are
either quite Fertile, or yield more than half the Number
of Seeds produced by unprotected, Plants.

Lassiflora l/r(LL(le (Passifloraces).—Produces many fruits, but

ds than fruits from i flowers.

Brassica oleracea (LGmfene).—l‘mduces many capsules, but
these generally not so rich in sced as those on uncovered
plants.

Raphanus sativus (Crucifers).—Half of a large branching plant;
was covered by a net, and was as thickly covered with
capsules as tho other and unprotected half; but twenty of
the capsules on the latter contained on an average 8°5
seeds, whilst twenty of the protected capsules contained only
1-85 seeds, that is, only a little more than half the number.
This plant might perhaps have been more properly included
in the former list.

Tteris umbellata (Crucifers)—Highly fertile,

1. amara.—Highly fertile.

Reseda adorata and lutea (Resedacew)—Certain individuals com-
pletely self-fertile.

Buryale forox (Nymphwacez).—Professor Caspary informs me that
this plant is highly self-fertile when insects are excluded. He
remarks in the paper beforo referred to, that his plants (as
well as those of the Victaria regia) produce only one flower
at a time; and that as this species is an annual, and was
introduced in 1809, it must have been self-fertilised for the
last fifty-six generations; but Dr. Hooker assures me that to
his knowledge it has been repeatedly introduced, and that at
Kew the same plant both of the Buryale and of the Victoria
produce several flowers at the same time.

Nymphaea (Nympheaces).—Some species, as I am informed by
Professor Caspary, are quite self-fertile when insects aro
excluded.

Adonis estivalis (Ranunculaces).—Produces, according to Pro-
fossor H. Hoffmann (‘Speciesfrage,’ p. 11), plenty of seeds
swhen protected from insects.

Ranunculus acris (Ranunculacew).—Produces plenty of seeds
under & net.

Papaver somniferum (Papaveraces)—Thirty capsules from un-
covered plants yielded 156 grains weight of seed, and thirty
capsules from covered-up plants, growing in the same bed,
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yielded 165 grains weight; so that the latter plants were
‘more productive than the uncovered. Professor H. Hof

(“ Speciestrage,’ 1875, p. 53) also found this species solf-fertile
when protected from insects.

P. vagum.—Produced late in the summer plenty of seeds, which
germinated well.

P. argemonoides . - ] .l,\mmlmz to Hildebrand (*Jabr-

Glaucium luteun (Papaveracen) buck fin, Bt R

Argemone ochrolevca (Papaveraces:) . ] are by no means sterile.

_Adlumia cirrhose, (Fumariaces).— Sets an abundance of capsules.

Iypecoum procumbens (Fumariacew). Hildebrand says (idem),
with respect to protected flowers, that “ eine gute Frucht-
bildung eintrete.”

Fumaria officinalis (Fumariacem).—Covered-up and
plants apparently produced an equal number of capsules,
and the sceds of the former seemed to the eye equally good.
T have often watched this plant, and so has Hildebrand, and
e have never seen an insect visit the flowers. H. Miller
has likewise been struck with the rarity of the visits of insects
to it, thongh he has sometimes seen hive-bees at work.
The flowers may perhaps be visited by small moths, as is
probably the case with the following species.

I, aapreolata—Several large beds of this plant growing wild
were watched by me during many days, but the flowers
were never visited by any insects, thongh a humble-bea
was once seen closely to inspect them. Nevertheless, as
{he nectary contains much nectar, especially in the evening,
T felt convinced that they were visited, probably by moths.
The petals do not naturally separate or open in the least;
but they had been opened by some means in a certain pro-
portion of the flowers, in the same manner as follows when
a thick bristle is pushed into the nectary ; so that in this
Tespect they resemble the flowers of Corydalis lutea. Thirty=
four heads, each including many flowers, were examined,
and twenty of them had from one to four flowers, whilst
fourteen had not a single flower thus opened. It is there-
fore clear that some of the flowers had been visited by
insects, while the majority had not; yet almost all produced
capsules.

Linum usitatissimum (Linacem).—Appears to be quite fertile.
H. Hoffmann, * Bot. Zeitung, 1876, p. 566.

Tmpatiens barbigerum (Balsaminacem).—The flowers, though ex-

© The Complete Work of Charles Darwin Online



Cmse. X, PLANTS FERTILE WITHOUT INSEOT-AID. 3067

cellently adapted for cross-fertilisation by the bees which
freely visit them, set abundantly under a net.

1. noli-me-tangere (Bulsaminaceze).— This species produces cleis-
togene and perfect flowers. A plant was covered with a net,
and some perfect flowers, marked with threads, produced
elovéh spontaneonsly self-fertilised capsules, which contained
on an average 345 seeds. I meglected to ascertain the
number of seeds produced by perfect flowers exposed to the
isits of insects, but I believe it is not greatly in excess ot
fheabovoaverago. Mr. A. W. Benmett has carefully described
the structure of the flowers of 7. fulva in © Journal Linn. Soe.”
vol. xiii, Bot. 1872, p. 147. This latter species is said to
bo stexile with its own pollen (‘Gard. Chronicle,’ 1868, p.
1986), and if 5o, it presents a remarkable contrast with 7.
barbigerum and noli-me-tangere.

Limnanthes douglasii (Geraniacew).— Highly fertile.

Viscaria oculuta (Caryophyllaces).—Produces plenty of capsules
with good seeds.

Stellaria media (Caryophyllaces).—Covered-up and uncovered
plants produced an equal number of capsules, and the seeds
in both appeared equally numerous and good.

Beta vulgaris (Chenopodiaces)—Highly self-fertile.

Vicia sutiva (Leguminose).—Protected and unprotected plants
produced an equal number of pods and equally fine seeds.
Tt there was any difference between the two lots, the covered-
up plants were the most productive.

V. lirsut. — This species bears the smallest flowers of any
British leguminous plant. The result of covering up plants
was exactly the same as in the last species.

Pisum sativum (Leguminosw).—Fully fertil

Tathyrus odoratus (Leguminoswe) —Fully fertile.

L. nissolia.—Fully fertile.

Lupinus luteus (Leguminose)—Fairly productive.

L. pilosus—Produced plenty of pods.

Ononis minutissima (Legnminoswe).—Twelye perfect flowers on a
plant under a net were marked by threads, and produced
eight pods, containing on an average 238 seeds. Pods
produced by flowers visited by insects would probably have
contained on an average 3-66 seeds, judging from the effects
of artificial cross-fertilisation.

Phascolus vulgaris (Leguminose)—Quite fertile.

Prifolium arvense (Leguminosse).—The excessively small fowers
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aro incessantly visited by hive and humble-bees. When
inseets were excluded the flower-heads seemed to produce as
‘many and as fine seeds as the exposed heads.

T, procumbens—On one occasion covered-up plants seemed fo
yicld as many seeds as the uncovered. On a secon oceasion
Sixty uncovered flower-heads yielded 9-1 grains weight of
sceds, whilst sixty heads on protected plants yielded no less
than 17-7 grains; so that these latter plants were much
moro productive ; but this result T suppose was accidental.
1 have often watched this plant, and have never seen the
flowers visited by insects; but I suspect that the flowers of
this species, and moro especially of Trifolium minus, are
frequented by small nocturnal moths which, as 1 hear from
Mr. Bond, haunt the smaller clovers.

Medicago lupulina (Leguminos®)—On account of the danger of
losing the seeds, T was forced to gather the pods before they
wWere quito ripe; 150 flower-heads on plants visited by bees
yielded pods weighing 101 grains; whilst 150 heads on
protected plants yielded pods weighing 77 grains. The
inequality would probably have been greater if the mature
seeds could have been all safely collected and compared.
Tg. Urban (Keimung, Bluthen, &c., bei Medicago, 1873) has
described the means of fertilisation in this genus, as has the
Rov. G. Henslow in the * Journal of Linn. Soc. Bot.” vol. ix.
1866, pp. 827 and 355.

Nicotiana tabacum (Solanacew).—Fully self-fertile.

Jpomaa purpurea (Convolvulacezs) —Highly self-fertile.

i iacez).—Plants under a net

produced a good many capsules.

Primuda mollis (Primulaceze).—A non-dimorphic species, self-fer
tile: J. Scott, in‘ Journal Linn. Soc. Bot.’ vol. viii. 1864, p. 120,

Nolana prostrata. (Nolanace).—Plants covered up in the green-
house, yielded seeds by weight compared with uncovered
plants, the flowers of which were visited by many bees,
in the ratio of 100 to 61.

Ajuga reptans (Labiate).—Sct a good many seeds; but none of
the stems under a net produced so many as several un-
covered stems growing closely by.

 Buphrasia officinalis (Serophulariaceze).—Covered-up plants pro-
duced plenty of seed; whether less than the exposed plants T
cannot say. 1 saw two small Dipterous insects (Dolichopos
nigripennis and mpis chioptera) repeatedly sucking the
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flowers ; as they crawled into them, they rubbed against the
bristles which project from the anthers, and became dusted
with pollen.

( ).—Covered-up plants produced

an abundance of seeds. I do not know whether any insects
visit the flowers; but T have obscrved Syrphidee repeatedly
covered with pollen visiting the flowers of V. kederafolia and
chamadrys.

Mimulus luteus (Scrophulariaces).—Highly self-fertile.

Culeeolaric (greenhouse variety) (Serophulariaces).—Highly self-
fertile.

Verlgseum thapsus (Serophulariacese). —Highly self-fertile

yjchnitis.—Highly self-fertile.

Vandellia nummudarifolia (Scrophulariacez)—Perfect flowers
produce a good many capsules.

Bartsia odontites (Serophulaxinceze).—Covered-up plants produced
a good many seeds; but several of these were shrivelled, nor
were they so numerous as those produced by unprotected
plants, which were incessantly visited by hive and huwmble-
Dbees.

Specularia speculum (Lobeliaces). — Covered plants produced
almost as many capsules as the uncovered.

Lactuca sativa (Composite).—Covered plants produced some
seeds, but the summer was wet and unfavourable.

Galium aparine (Rubiacesm).—Covered piants produced quite as

many seeds as the uncovered.

Ver

_ Apium petroselinum (Umbellifers).—Covered plants apparently

were as productive as the uncovered.

Zea mays (Graminex).— A singlo plant in the greenhouse
produced a good many grains.

Canna warscewiczi (Marantacese) —Highly self-fertile.

Orchidacece. — In Europe Ophrys apifera is as regularly self-
fertilised as is any cleistogene flower. Tn the United States,
South Africa, and Australia there are a few species which
are perfectly self-fertile. Theso several cases are given in
the 2nd edit. of my work on the Fertilisation of Orchids.

Allinm cepa (blood red var.) (Liliacere).—Four flower-heads were
covered with a net, and they produced somewhat fewer and
smaller capsules than those on the uncovered heads. The
capsules were counted on one uncovered head, and were 259
in number; whilst those on a fine head from under the net
were only 199.
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Hach of these lists contains by a mere accident the
same number of genera, viz., forty-nine. The genera
in the first list include sixty-five species, and those in
the second sixty species; the Orchides in both being
excluded. If the genera in this latter order, as well as
in the Asclepiadze and Apocynacew, had been included,
the number of species which are sterile if insects are
excluded would have been greatly increased ; but the
lists are confined to species which were actually expe-
rimented on. The results can be considered as only
approximately accurate, for fertility is so varialle a
character, that each species ought to have been tried
many times. The above number of species, namely,
125, is as nothing to the host of living plants; but
the mere fact of more than half of them being sterile
within the specified degree, when insects are excluded,
is a striking one; for whenever pollen has to be carried
from the anthers to the stigma in order to ensure full
fertility, there is at least a good chance of cross-fertili-
sation. I do not, however, believe that if all known
plants were tried in the same manner, half would be
found to be sterile within the specified limits; for
many flowers were selected for experiment which pre-
sented some remarkable structure; and such flowers
often require insect-aid. Thus out of the forty-nine
genera in the first list, about thirty-two have flowers
which are asymmetrical or present some remarkable
peculiarity ; whilst in the second list, including species
which are fully or moderate y fertile when insects were
excluded, only about twenty-one out of the forty-nine
are asymmetrical or present ny remarkable peculiarity.

Means of cross-fertilisation.—The most important of
all the means by which jollen is carried from the
anthers to the stigma of the same flower, or from flower.
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to flower, are insects, belonging to the orders of
Hymenoptera, Lepidoptera, and Diptera ; and in some
parts of the world, birds.* Next in importance, but
in a quite subordinate degree, is the wind; and with
some aquatic plants, according to Delpino, currents of
water. The simple fact of thp necessity in many cases
of extraneous aid for the transport of the pollen, and the
many contrivances for this purpose, render it highly
probable that some great benefit is thus gained; and
this conclusion has now been firmly established by the
proved superiority in growth, vigour, and fertility of
plants of crossed parentage over those of self-fertilised
parentage. But we should always keep in mind that
two somewhat opposed ends have to be gained; the
fi#tst and more important one being the production

* yill here give all the cases  chilide, 1861, pp. 15,120; ¢ Gard.
Jnown to me of pirds fertilising  Chronicle,’ p. 559
flowers. In South Brazil, hum-  Naturalisf in Nicaragua,” p. 120
ming-birds certainly fertilise the  <Journal of Linn. Sce. Bot.’ vol.
yaions specicaof Abutilon, which  xiii 1872, p. 191) I may add
are sterile that T offen siw in Chile a Min
Lead yellow with pollen
1

Tong-be: kedhummmg hirds visit n assored that
i, whilst  Cape of Good Hope, St
some of the short-benked ferlilised by the Nectarinids
often penetrate its large o i e 0
order o obfuin the necfar in an  many Ausf flowers are
illegitimate manner, in_ the same by the many honey-su e 5
matiner a5 do bees th all parts of  birds of that country. M. Wal-
the world. It appears, indeed, lace remarks (address to the Bio-
that the bealss of hummingbirds  logioal Seetion, Bit, Assoo. 1876)
are specially adapted to the va- that he has “often observed the
vious kinds of flowers which they beaks and faces of the brush-
visit: on the Cordillera tley suck  tongued lories of the Moluceas
the Salviw, and lacerate the covered with pollen” In New
Howers of the Tacsonie; in Nica-  Zealand, many specimens of the
Tagua, Mr. them sucking  Anthornis melanura had their
the flowers of ' Marcravia and heads coloured with pollen from
Exythrina, and thus they carried  the flow an endemio species
poilen from flower to flower. In of Fuchsia:
North America they are said to  New Zealand Institute,’ vol. iii.
frequent the flowers of Impations: 1870, p.
(Gould, ‘Introduction to the Tro-

© The Complete Work of Charles Darwin Online



372 MEANS OF CROSS-FERTILISATION. — Omae. X

of seeds by any means, and the second, cross-ferti-
lisation.

The advantages derived from cross-fertilisation throw
aflood of light on most of the chief characters of flowers.
We can thus understand their large size and bright
colours, and in some cases the bright tints of the ad-
joining parts, such as the peduncles, bractee, &. By
this means they are rendered conspicuous to insects,
on the same principle that almost every fruit which is
devoured by birds presents a strong contrast in colour
with the green foliage, in order that it may be seen,
and its seeds freely disseminated. With some flowers
conspicuousness is gained at the expense even of the
reproductive organs, as with the ray-florets of many
Compositee, the exterior flowers of Hydrangea, and the
terminal flowers of the Feather-hyacinth or Muscari.
There is also reason to believe, and this was the opinion
of Sprengel, that flowers differ in colour in accordance
with the kinds of insects which frequent them.

Not ouly do the bright colours of flowers serye to
attract insects, but dark-coloured streaks and marks
are often present, which Sprengel long ago maintained
served as guides to the nectary. These marks follow
the veins in the petals, or lie between them. They
may occur on only one, or on all excepting one or
more of the upper or lower petals; or they may form
a dark ring round the tubular part of the corolla, or
be contined to the lips of an irregular flower. In the
white varieties of many flowers, such as of Digitalis
purpurea, Antirrlinum majus, several species of Dian-
thus, Phlox, Myosotis, Rhododendron, "elm‘gouinm,
Primula and Petunia, the ma generally persist,
whilst the rest of the corolla has become of a pure
white; but this may be due merely to their colour
being more intense and thus less readily obliterated.
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Sprengel’s notion of the use of these marks as guides
appeared to me for a long time fanciful ; for insects,
without such aid, readily discover and bite holes
through the nectary from the outside. They also
discover the minute nectar-secreting glands on the
stipules and leaves of certain plants. Moreover, some
few plants, such as certain poppies, which are not
nectariferous, have guiding marks; but we might
perhaps expect that some few plants would retain
traces of a former nectariferous condition. On the other
hand, these marks are much more common on asymme-
trical flowers, the entrance into which would be apt to
puzzle insects, than on regular flowers. Sir J. Lubboclc
has also proved that bees readily distinguish colours,
and that they lose much time if the position of honey
which they have once visited be in the least changed.*
The following case affords, I think, the best evidence
that these marks have really been developed in corre-
lation with the nectary. The two upper petals of the
common Pelargonium are thus marked near their bases;
and T have repeatedly observed that when the flowers
vary so as to become peloric or regular, they lose their
nectaries and at the same time the dark marks.
‘When the nectary is only partially aborted, only one
of the upper petals loses its mark. Therefore the nec-
tary and these marks clearly stand in some sort of close
relation to one another ; and the simplest view is that
they were developed together for a special purpose ;
the only conceivable one being that the marks serve as
a guide to the nectary. It is, however, evident from
what has been already said, that insects could discover
the nectar without the aid of guiding marks. They
are of service to the plant, only by aiding insects to

* * British Wild Flowers in rclation to Inscets,’ 1875, p. 44.

© The Complete Work of Charles Darwin Online



3874 MEANS OF CROSS-FERTILISATION.  Cuar. X,

a greater number of flowers within a
given time tle \\uuld otherwise be possible ; and thus
there will be a better chance of fertilisation by pollen
brought from a distinet plant, and this we know is of
paramount importance.

The odours emitted by flowers attract insects, as T
have observed in the case of plants covered by a muslif
net. Nigeli affixed artificial flowers to branches,
scenting some with essential oils and leaving others
unscented ; and insects were attracted to the former in
an unmistakable manner.* Not a few flowers are both
conspimmus.ﬂud odoriferous. Of all colours, white is
the prevailing one; and of white flowers a considerably
larger proportion smell sweetly than of any other
colour, namely, 14-6 per cent.; of red, only 8°2 per
cent. are odoriferous.f The fact of a larger proportion
of white flowers smelling sweetly may depend in part
on those which are fertilised by moths requiring the
double aid of conspicuousness in the dusk and of
odour. So great is the economy of nature, that most
flowers which are fertilised by erepuscular or nocturnal
insects emit their odour chiefly or exclusively in the
evening. Some flowers, however, which are highly
odoriferous depend solely on this quality for their fer-
tilisation, such as the night-flowering stock (Hesperis)
and some species of Daphne ; and these present the
rare case of flowers which are fertilised by insects being
urely coloured.
orage of a supply of nectar in a protected place
is m:\nitmt]y connected with the visits of insects. So
is the position which the stamens and pistils occupy,

o ‘rv\ﬂvh“nu &e., der
hist. Tt P
t e T
the fowers of 4200 specics have s gi
been tabulated by Land

and_ by Schiibler and Kibler
I have ot seen their origival
but a very full abstract
in Loudon’s ‘ Gardener’s
vol. xiii. 1837, p. 367-

B

Mag.
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either permanently or at the proper period through
their own movements ; for when mature they invariably
stand in the pathway leading to the mectary. The
shape of the nectary and of the adjoining parts are
likewise related to the particular kinds of insects which
habitually visit the flowers; this has been well shown
by H. Miller by his comparison of lowland species
which are chiefly visited by bees, with alpine species
belonging to the same genera which are visited by
butterflies.* Flowers may also be adapted to certai
kinds of insects, by secreting nectar particularly attrac-
tive to them, and unattractive to other kinds; of which
fact Bpipactis latifolia offers the most striking instance
known to me, as it is, visited exclusively bv wasps.
Structures also exist, such as the hairs within the
corolla of the foxglove (Digitalis), which apparently
serve to exclude insects that are not well fitted to bring
pollen from one flower to another.f I need say nothing
here of the endless contrivances, such as the viscid
glands attached to the pulley.\ masses of the Orchides
and Asclepiade, or the viscid or roughened state of
the pollen-grains of many plants, or the irritability of
their stamens which move when touched by insects, de.,
—as all these contrivances evidently fayour or ensure
cross-fertilisation.

All ordinary flowers are so far open that insects can
force an entrance into them, notwithstanding that
some, like the Snapdragon (Antirrhinum), various
Papilionaceous and Fumariaceous flowers, are in
appearance closed. It cannot be maintained that their
openness is necessary for fertility, as cleistogene flowers
which are permanently closed yield a full complement
of seeds. Pollen contains much nitrogen and phos-

* ¢Nature,’ 1874, p. 110; 1875, 1 Belt, {The \!ammlm in Ni-
. 190; 1876, pp. 010 289. caragua,’ 1874, p. 132.
17
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phorus—the two most precious of all the elements for
the growth of plants—but in the case of most open
flowers, a large quantity of pollen is consumed by
pollen-devouring insects, and a large quantity is
destroyed during long-continued rain, With many
plants this latter evil is guarded against, as far as
is possible, by the anthers opening only during dry
weather,*—by the position and form of some or all of
the petals,—Dby the presence of hairs, &e., and as Kerner
has shown in his interesting essay, by the movements
of the petals or of the whole flower duringcold and waf
weather. In order to compensate the loss of pollen in
so many ways, the anthers produce a far larger amount
than is necessary for the fertilisation of the same flower.
T know this from my own eXperiments on Ipomea,
given in the Introduction; and it is still more plainly
shown by the astonishingly small quantity produced
by cleistogene flowers, which lose none of their pollen,
in comparison with that produced by the open flowers
borne by the same plants; and yet this small quantity
suffices for the fertilisation of all their numerous seeds.
Mr. Hassall took pains in estimating the number of
pollen-grains produced by a flower of the Dandelion
(Leontodon), and found the number to be 243,600,
and in a Peony 3,654,000 grains.t The editor -
of the ‘ Botanical Register’ counted the ovules in the
flowers of Wistaria sinensis, and carefully estimated

* Mr. Blackley observed that up in the atmosphere, during the
the ripe anthers of rye did not first fine and dry days after wef
dehisce whilst kept under a bell- . weather, than at ofher times:
gloss in o damp atmosphere, ¢ Experimental Rescarches on’
whilst other anthers exposed to  Hay Fever, 1873, p. 127.
the same temperature in the open f ¢ Die Schutzmittel des Pol-
air dehisced freely. Healsofound  lens,’ 1873.
much more pollen adbering to Annals and Mag. of Nat.
the sticky slides, whieh were  Hist.’ vol. viii. 1842, p. 108.
attached fo kites and sent high
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the number of pollen-grains, and he found that for each
ovule there were 7,000 grains.” With Mirabilis, three
or four of the very large pollen-grains are sufficient to
fertilise an ovule; but I do not know how many grains
a flower produces. With Hibiscus, Kélreuter found
that sixty grains were necessary to fertilise all the ovules
of a flower, and he calculated that 4863 grains were
produced by a single flower, or eighty-one times too
many. With Geum wrbanum, however, according to
Giirtner, the pollen is only ten times too much.t As
we thus see that the open state of all ordinary flowers,
and the consequent loss of much pollen, necessitate the
development of so prodigious an excess of this precious
substance, why, it may be asked, are flowers always left
open? As many plants exist throughout the vegetable
Iingdom which bear cleistogene flowers, there can
hardly be a doubt that all open flowers might easily
have been converted into closed ones. The graduated
steps by which this process could have been effected
may be seen at the present time in Lathyrus wissoiic,
Biophytum sensitivum, and several other plants. The
answer to the above question obviously is, that with
permanently closed flowers there could be no eros
fertilisation.

The frequency, almost regularity, with which pollen
is transported by imsects from flower to flower, often
from a considerable distance, well deserves attention.}

* Quoted in Gard. Chron’ mature. Kolreuter marked 810
1846, p. 771 flowers, and put pollen from
+ elrouter, Vorliufize Nach-  other Howers on their sti
richt,’ 1761, p. 9. Gartuer, ‘Beit- every day, so that they wero
rage zur Kenntniss, &c. p. 316, thoroughly fertilised; and he left
% An experiment made by the same number of other flowe
reuter (Fortsetsung, &e. 1763, o tho agency of insects.
p. 69) affords good evidence ‘on
this head. Hibiscus vesicarius is
strongly dichogamous, its pollen
Deing shed before the stigmas are
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This is best shown by the impossibility in many cases
of raising two varieties of the same species pure, if they
grow at all near together; but to this subject I shall
presently return; also by the many cases of hybrids
which have appeared spontaneously both in gardens and
a state of nature. With respect to the distance from
which pollen is often brought, no one who has had any
experience would expect to obtain pure cabbage-seed,
for instance, if -a plant of another variety grew within
two or three hundred yards. An accurate obseryer,
the late Mr. Masters of Canterbury, assured me that
he once had his whole stock of seeds “ seriously affected
with purple bastards,” by some plants of purple kale
which flowered in a cottager’s garden at the distance of
half a mile ;. no other plant of this variety growing any
nearer.* But the most striking case which has been re-
corded is that by M. Godron,t who shows by the nature
of the hybrids produced that Prinula grandiflora must
have been crossed with pollen brought by bees from
P. officinalis, growing at.the distance of above two
kilometres, or of about one English mile and a quarter.

All those who have long attended to hybridisation,
insist in the strongest terms on the liability of castrated
flowers to be fertilised by pollen brought from distant
plants of the same species.f The following case shows

whilst those left to the inects the proper position for fertilisig

produced 10885 that i, o less
351; and this
is fully accounted
B T i o o e
worked during some_days, when
t her was cofd with con-
tinued rai
* Mr. W. O. Marshall caught
10 less than seven specimens of a
woth (Cucullia wmbratica) with
the pollinia of the butterfly-orcliis
(Habenarva chlorantha) &
to their cyes, and, thercfore, in

the flowers of this species, on an
island in Derwentwater, at the
distance of half o mile from auy
place where this plant. geaWs
*Nature 1572, p.

1 ‘Revue a0 Se. Nat? 1875,

e ce, for instance, the remarks
by Hérbert, ¢ Amaryllidacem!
1837, p. 310, Also Gartner’s
strong expressions on this subject
in his * Bastarderzengnng,’ 1849,
p. 670; and ‘Kenntniss der Be-
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this in the clearest manner: Girtner, before he had
gained much experience, castrated and fertilised 520
flowers on various species with pollen of other genéra
or other species, but left them unprotected ; for, as he
says, he thought it alaughable idea that pollen should
be brought from flowers of the same species, none of
which grew nearer than between 500 and 600 yard:
The result was that 289 of these 520 flowers yielded no
seed, or none that germinated ; the seed of 29 flowers
produced hybrids, such as might have been expected
from the nature of the pollen employed ; and lastly,
the seed of the remaining 202 flowers produced per-
fectly pure plants, so that these flowers must have
heen fertilised by pollen brought by insects from a
distance of between 500 and 600 yardsf It is of
course possible that some of these 202 flowers might
have been fertilised by pollen left accidentally in
them when they were castrated; but to show how
improbable this is, I may add that Giirtner, during the
next eighteen years, castrated no less than 8042 flowers

_and hybridised them in a closed room; and the sec
from only seventy of these, that is considerably less
than 1 per cent., produced pure or unhybridised
offspring.{

S

573,

fruchtung, 1844, pp. 510,

Also Lecoq,  De I Fécondation,

+ Henschel's

experiment:
{quotod by Gartuer, < Kenntat

&o., 1845, p. 27. Some statements
have been published during late
years of the extraordinary ten-
dency of hybrid plants to revert
o their parent forns; but us it is
not said how the flowers were
L e e
suspectel that they were olten
fertilised with poilen brought
from a distance from the parent-
species.

* ¢ KKenntniss der Befruchtung,
PP, 539, 530, 575; 576,

., . 574), which are worthl
in 'all other respects, Tikew
show liow largely flowers are in-
terorossed by insects. He cas
trated many flow
R e
two genera, aud put on their
stigmassittier no palien,or pllen
from distinct genera, y all
seeded, and all the seed lmffsmnml
from them were of course p

1 ¢ Kenntniss; &c. pp. 555, 57
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Trom the various facts now given, it is evident that
most flowers are adapted in an admirable manner for
cross-fertilisation. Nevertheless, the greater number
e present structures which are manifestly =
adapted, though not in so striking a manner, for self~
fertilisation. The chief of these is their hermaphrodite
condition ; that is, their including within the same
corolla both the male and female reproductive organs.
These often stand close together and are mature at
the same time; so that pollen from the same flower
cannot fail to be deposited at the proper period on the:
stigma. There are also various details of structure
adapted for self-fertilisation.* Such structures are
best shown in those curious cases discovered by H.
Miiller, in which a species exists under two forms,—
one bearing conspicuous flowers fitted for cross-fertilisa-
tion, and the other smaller flowers fitted for self-fer-
tilisation, with many parts in the lattér slightly
modified for this special parpose.t :

As two objects in most respects opposed, namely,
cross-fertilisation and self-fertilisation, have in many
cases to be gained, we can understand the co-existence
in so many flowers of structures which appear at first
sight unnecessarily complex and of an opposed nature.
‘We can thus understand the ‘great contrast in structure
between cleistogene flowers, which are adapted exelu-
sively for self-fertilisation, and ordinary flowers on the
same plant, which are adapted so as to allow of at least
occasional cruss-fcrtilisntirm.i The former are always

* H. Miiller, ‘Die Befruchtung,’  of the plants which bear cleis-
&, p. 448 togene and perfect flowers, Ho
+ ¢ Nattre, 1873, pp. 44, 433.  finds in the nests of Termites, in
{ Fritz Miiller has discovered  Brazil, males and females witl
i’ the aviual Kingdom (' Je- imperfect wings, which do nok
naische Zeits V. Teave the nests and propagate the
a case curious] van'\lomus b, that specics in a cleistogene manner
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minute, completely closed, with their petals more or
less rudimentary and never brightly eoloured; they
never secrete nectar, never are odoriferous, have very
small anthers which produce only a few grains of pollen,
and, their stigmas are but little developed. Bearing
“in mind that some flowers are cross-fertilised by the
wind (called anemophilous by Delpino), and others
by insects (called entomophilous), we can further
understand, as was pointed out by me several years
ago,* the great contrast in appearance between these
two classes of flowers. Anemophilous flowers resemble
in many respects cleistogene flowers, but differ widely
in not being closed, in producing an extraordinary
amount of pollen which is always incoherent, and
in the stigma often being largely developed or
plumose. We certainly owe the beauty and odour of
our flowers and the storage of a large supply of honey
to the existence of insects.

On the Relation between the Structure and Conspicuous-
ness of Flowers, the Visits of Insects, and the Advan-
tages of Chross-fertilisation.

It has already been shown that there is mo close
relation between the number of seeds produced by
flowers when crossed and self-fertilised, and the degree
to which their offspring are affected by the two pro-
cesses. I have also given reasons for believing that
the inefficiency of a plant’s own pollen isin most cases

but onlyifa fully-developed queen  almost infinite numbers by a host
after swarming does mot enter of enemies, so thuta quéen may
the old nest. The fully-deve- often fuil to enter un cld ncst
loped males and fomales are imperf
winged, and individuals from
tinef, nests can hardly fui

to inferross. In ghe act of
swarming they are destroyed in

“Journal of Linn, Soc’
Bot. 1863, p. 77.

vol.
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an incidental result, or has not been specially acquired
for the sake of preventing self-fertilisation. On the
other hand, there can hardly be a doubt that dichogamy,
which prevails according to Hildebrand* in the greater
number of species,—that the heterostyled condition of
certain plants,—and that many mechanical structures

have all been acquired so as both to check self-
lisation . and to favour cross-fertilisation. The
s for favouring cross-fertilisation must haye been
acquired before those which prevent self-fertilisation;
as it would manifestly be injurious to a plant that
its stigma should fail to. receive its own pollen,
unless it had already become well adapted for receiv-
ing pollen from another individual. It should be
observed that many plants still possess a high power
of self-fertilisation, although their flowers are excel-
lently constructed for cross-fertilisation—for instance,
those of many papilionaceous species.

It may be admitted as almost certain that some
structures, such as a narrow elongated nectary, or a
long tubular corolla, have been developed in order
that certain kinds of insects alone should obtain the
nectar. These insects would thus find a store of nectar
preserved from the attacks of other insects; and
they would thus be led to visit frequently such
flowers and to cary pollen from one to the otherf
It might perhaps have been expected that plants
having their flowers thus peculiarly constructed would
profit in a greater degree by being crossed, than
ordinary or simple flowers; but this does not seem
to hold good. Thus Tropaolum minus has a long
nectary and an irvegular corolla, whilst Limnanthes

£
meal

¢ Die Gp\(-lxl(cmel Vertheil- on this subject by H. Miiller,
gz, ¢ Die Befruchtung,’ &e. p. 431.

un,
1‘ bee Hw interesting discussion
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douglasii has a regular flower and no proper nectary,
yet the crossed seedlings of both species are to the
self-fertilised in height as 100 to 79. Salvia coccinea
has an irregular corolla, with a curious apparatus by
which insects depress the stamens, while the flowers
of Tpomeea are regular; and the crossed seedlings of
the former are in height to the self-fertilised as
100 to 76, whilst those of the Ipomcea are as 100 to
77. Fagopyrum is dimorphic, and Anagallis collina is
non-dimorphic, and the crossed seedlings of both are
in height to the self-fertilised as 100 to 69.

With all European plants, excepting the compara-
tiyely rare anemophilous kinds, the possibility of
distinet individuals intercrossing depends on the
visits of insects; and H. Diller has proved by his
valuable observations, that large conspicuous flowers
are visited much more frequently and by many more
Jinds of insects, than are small inconspicuous flowers.
He further remarks that the flowers which are rarely
visited must be capable of self-fertilisation, otherwise
they would quickly become extinct.* There is, how-
ever, some liability to error in forming a judgment
on this head, from the extreme difficulty of ascertain-
ing whether flowers which are rarely or never visited -
during the day (as in the above given case of Fumaria
capreolata) ave not visited by small nocturnal Lepi-
doptera, which are known to be stlunaly attracted by
sugar.t The two lists given in the early part of
this chapter support Miller’s conclusion that small
and inconspicuous flowers are completely self-fertile :

* ¢ Befruchtung, &c., p. 426. ollestar of Noc tum, come very
¢Nature,” 1873, p. 433. and o, doubt

t In amswer to a question by 2 the ‘B
e, the editor of an ists' Weekly
journal writes—“ The Depres- 1860, p. 103.
kari, a8 is notorious to every
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for only eight or nine out of the 125 species in the
two lists come under this head, and all of these were,
proved to be highly fertile when insects were excluded.
The singularly inconspicuous flowers of the Fly
Ophrys (0. museifera), as I have elsewhere shown, are
rarely visited by insects ; and it is a strange instance of
imperfection, in contradiction to the above rule, that
these flowers are not self-fertile, so that a large pro-
portion of them do not produce seeds. The converse
of the rule that plants bearing small and inconspicuous
flowers are self-fertile, namely, that plants with large
and conspicuous flowers are self-sterile, is far from true.
as may be seen in our second list of spontaneously
self-fertile species ; for this list includes such species as
Tpomeea purpurea, Adonis astivalis, Verbascum thapsus,
Piswn sativum, Lathyrus odoratus, some species of
Papaver and of Nymph:ea, and others.

The rarity of the visits of insects to small flowers,
does not depend altogether on their inconspicuousness,
But likewise on the absence of some sufficient attraction ;
for the flowers of Trifolium arvense are extremely
small, yet are incessantly visited by hive and humble-
bees, as are the small and dingy flowers of the
asparagus.  The flowers of Linaria cymbalaria are
small and not very conspicuous, yet at the proper time
they are freely visited by hive-bees. I may add that,
according to Mr. Bennett,* there is another and quite
distinet class of plants which cannot be much frequented
by inseets, as they flower either exclusively or often
during tho winter, and these seem adapted for self-
fertilisation, as they shed their pollen before the flowers
expand.

That many flowers have been rendered conspicuous

* ¢Nature,’ 1869, p. 11.
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for the sake of guiding insects to them is highly
probable or almost certain ; but it may be asked, have
otherflowers been rendered inconspicuous so that they
may not be frequently visited, or have they merely
retained a former and primitivé condition ? If a plant
were much reduced in size, so probably would be the
flowers through correlated growth, and this may possibly
account for some cases; but the size and colour of the
corolla are both extremely variable characters, and it
can hardly be doubted that if large and brightly-
coloured flowers were advantageous to any species,
these could be acquired through natural selection
within a moderate lapse of time, as indeed we see with
most alpine plants. Papilionaceous flowers are mani-
festly constructed in relation to the visits of insects,
and it seems improbable, from the usual character of
the group, that the progenitors of the genera ia
and Trifolium produced such minute and unattractive
flowers as those of V. hirsuta and T. procumbens. We
are thus led to infer that some plants either have not
had their flowers increased in size, or have actually
had them reduced and purposely rendered incon-
spicious, so that they are now but little visited by
insects. In either case they must also have acquired
or retained a high degree of self-fertility.

If it became from any cause advantageous to a .spe-
cies to have its capacity for self-fertilisation increased,
there is little difficulty in believing that this could
readily be effected; for three cases of plants varying
in such a manner as to be more fertile with their own
pollen than they originally were, occurred in the
course of my few experiments, namely, with Mimulus,
Ipomeea, and Nicotiana. Nor is there any reason to
doubt that many kinds of plants are capable under
favourable circumstances of propagating themselves
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for very many generations by self-fertilisation. This
is the case with the varieties of Péisum sativum and
of Lathyrus odoratus which are cultivated in England,
and with Oplrys apifera and some other plants in a
state of nature. Nevertheless, most or all of these
plants retain structures in an efficient state which
cannot be of the least use excepting for ecross-
fertilisation. We have also seen reason to suspect
that self-fertilisation is in some peculiar manner bene-
ficial to certain plants; but if this be really the case,
the benefit thus derived is far more than counter-
balanced by a cr with a fresh stock or with a
slightly different variety. A
Notwithstanding the several considerations just
advanced, it scems to me highly improbable that
plants bearing small and inconspicuous flowers have
been or should continue to be subjected to self-
fertilisation for a long series of generations. I think
s0, not from the eyil which manifestly follows from
self-fertilisation, in many cases even in the first gene-
ration, as with Viola tricolor, Sarothammus, Nemo-
phila, Cyclamen, &e. ; nor from the probability of the
evil increasing after several generations, for ‘on ‘this
latter head I have not sufficient evidence, owing to the
manner in which my experiments were conducted. But
if plants bearing small and inconspicuous flowers were
not occasionally intercrossed, and did not profit by the
process, all their flowers would probably have been
rendered cleistogene, as they would thus have largely
benefited by having to produce only a small quantity
of safely-protected pollen. In coming to this con-
clusion, T have been guided by the frequency with
which plants belonging to distinet orders have been
rendered cleistogene. But I can hear of no instance
of a species with all its flowers rendered permanently
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cleistogene. Leersia makes the nearest approach to
this state; but as already stated, it has been known
to produce perfect flowers in’one part of Germany.
Some other plants of the cleistogene class, for instance
Aspicarpa, have failed to produce perfect flowers during
several years in a hothouse ; but it does not follow that
they would fail to do so in their native country, any
more than with Vamdellia, which with me produced
only cleistogene flowers during certain years. Plants
belonging to this class commouly bear both kinds of
flowers every season, and the perfect flowers of Viola
canina yield fine capsules, but only when visited by
bees. We have also seen that the secdlings of Ononis
minutissima, raised from the perfect flowers fertilised
with pollen from another plant, were finer than thosg
from self-fertilised flowers; and this was likewise the
case to-a certain extent with Vandellia. As therefore
1o species which at one time bore small and incon-
spicuous flowers has had all its flow rendered
cleistogene, I must believe that plants now bearing
small and inconspicuous flowers profit by their still
remaining open, so as to be occasionally intercrossed
Dby insects. It has been one of the greatest oversights
in my work that I did not experimentise on such
flowers, owing to the difficulty of fertilising them, and
to my not having seen the importance of the subject.®

* Some of the specics of Sola-
S R e
experiments, for they are said by
H. Miller (‘Befruchtung, p. 434)

num) do not intercross when they
ok i e s
it should he remembered that
these are not cndemic spec

to be unattractive o insects from
not secreting nectar, not producing
mnuch pollen, and fot being very
conspicuous, Hence pmbahlv it
is that, according to Verlot (¢

duction des Varités,’ 1863, p. 72),
the varieties of ©les aubergines
e les fomates” (species of Sola-

On the other hand, the flowers of
the common potato (S. fuberosum),
though they do not secrete
(Iurr, ¢ Bedeutw i
rien; 1833, p. 40), yet cannot be
considered as inconspicuous, and
hey are sometimes visited by
Diptera (Miiller) and, as I have
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Tt should be remembered that in two of the cases in
which highly self-fertile varieties appeared amongst
my experimental plants, namely, with Mimulus and
tiana, such varieties were greatly benefited by a

with a fresh stock or with a slightly different
arioty; and this likewise was the case with the
cultivated varieties of Pisum sativwm and Lathyrus
odoratus, which have been long propagated by self-
fertilisation. Therefore until the contrary is distinetly
proved, I must believe that as a general rule small and
inconspicuous flowers are occasionally intercrossed by
insects ; and that after long-continued self-fertilisation,
if they are crossed with pollen brought from a plant
growing under somewhat different conditions, or
descended from one thus growing, their offspring
would profit greatly. It cannot be admitted, under
our present state of knowledge, that self-fertilisation
continued during many successive generations is ever
the most beneficial method of reproduction.

The Means which favowr or ensure Flowers being fer-
tilised with Pollen from a distinct Plant.—We have seen
in four cases that seedlings raised from a cross between
flowers on the same plant, even on plants appearing -
distinet from having been propagated by stolons or cut-
tings, were not superior to seedlings from self-fertilised
flow and in a fifth case (Digitalis) superior only
in a slight degree. Therefore we might expect that
with plants growing in a state of nature a cross between
the flowers on distinct individuals, and not merely
between the flowers on the same plant, would generally

seen, by humble-hees. Tinz-  bear sced when fertilised with
mann (as quoted in ‘Gardeners' pollen from the same variety, bn
Chronicle; 1846, p. 183) found  were fertile with that from an=
that some of the varieties did not  other variety.
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or often be effected by some means. ‘The fact of bees
dnd of some Diptera visiting the flowers of the same
species as long as they can, instead of promise
visiting various species, favours the intererc
distinet plants. On the other hand, insects usually
search a large number of flowers on the same plant
before they fly to another, and this is opposed to cross-
fertilisation. Theé extraordinary number of flowers
which bees are able to search within a very short space
of time, as will be shown in a future chapter, increases
the chance of cross-fertilisation ; as does the fact
that they are not able to perceive without entering a
flower whether other bees have exhausted the nectar.
For instance, H. Miller found* that four-fifths of the
flowers of Lamiumn album which a humble-hee visited
had been already exhausted of their nectar. In order
that distinet plants should be intercrossed, it is of course
indispensable that two or more individuals should grow
near one another ; and this is generally the case.. Thus
A. de Candolle remarks that in ascending a mouniain
the individuals of the same species do not commonly
disappear near its upper limit quite gradually, but
rather abruptly. This fact can hardly be explained
by the nature of the conditions, as these graduate away
in an insensible manner, and it probably depends in
large part on vigorous seedlings being produced only
as high up the mountain as many individtials can
subsist together.

With respect to dicecious plants, distinet individuals
must always fertilise each other. With moncecious
plants, as pollen has to be carried from flower to flower,
there will always be a good chance of its being carried

* Die Befruchtung, &c. p. ‘Ul
311 i fase. ii. p. 337.

azioni) &e., part
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curious fact that certain individuals of the monacious
walnut (Juglans regia) are proter ndrous, and others
proterogynous, and these will reciprocally fertilise each
other. So it is with the common nut (Corylus avellana),*
and, what is more surprising, with some few her-
maphrodite plants, as observed by H. Miller.t These:
latter plants canmot fail to act on each other like
dimorphic or trimorphic species, in which the union
of two individuals is necessary for full and normal
fertility. With ordinary hermaphrodite species, the
expansion of only a few flowers at the same time is one
of the simplest means for favouring the intercrossing of
distinet individuals; but this would render the plants
less conspicuous to insects, unless the flowers were of
lar size, as in the case of several hulbous plants.
Kerner thinksi that it is for this object that the
Australian Villarsia parnassifolic. produces daily only
asingle flower. Mr. Cheeseman also remarks§ that
as certain Orchids in New Zealand which require
insect-aid ‘for their fertilisition bear only a single
flower, distinct plants cannot fail to intercross. *
Dichogamy, which prevails so extensively throughout
the vegetable kingdom, much increases the chance of -
distinet individuals intercrossing.  With proterandrou
species, which are far more common than pro-
terogynous, the young flowers are exclusively male
in function, and the older ones exclusively female ;
and as bees habitually alight low down on the spikes
of flowers in order to erawl upwards, they get dusted
with pollen from the uppermost flowers, which they
carry to the stigmas of the lower and older flowers
on the next spike which they vis The degree to

* ¢ Nature,” 1875, p. 26. + ¢Die Schutzmittel; &e. p. 23.
t ‘Die Befruchfung, &. pp.  § *Transact. New Zealand In-
285, 339, stitute,’ vol. v. 1873, p. 356.
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which distinet plants will thus be intererossed depends
on the number of spikes in full flower at the same time
on the same plant. With proterogynous flow: nd
with depending racemes, the manner in which insects
visit the flowers ought to be reversed in order that
distinct plants should be intercrossed. But this whole
subject requires further investigation, as the great
importance of crosses between distinet individuals,
instead of merely between distinct flowers, has hitherto
been hardly recognised.

In some few cases the special movements of certain
organs almost ensure pollen being carried from plant
to plant. Thus with many, orchids, the pollen-masses
after becoming attached to the head or prohoscis of an
insect do not move into the proper position for striking
the stigma, until ample time has elapsed for the insect
to fly to another plant. With Spiranthes autwmnalis,
the pollen-masses cannot be applied to the stigma until
the labellum and rostellum have moved apart, and
this movement is very slow.* With Posoqueria fra-
“grans (one of the Rubiacew) the same end is gained by
“ the movement of a specially constructed stamen, as
deseribed by Fritz Miller.

‘We now come to a far more general and therefore
more important means by which the mutual fertilisation
of distinet plants is effected, namely, the fertilising
power of pollen from another variety or individual
being greater than that of a plant’s own pollen. The
simplest and best known case of prepotent action
in pollen, though it does not bear directly on our
present subject, is that of a plant’s own pollen over that
from a distinct species. If pollen from a distinct species
be placed on the stigma of a castrated flower, and then

* ¢The Various Contrivances Orchids are fertilised, 1st edit.
by which Dritish and Foreign p. 128.
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after the interval of several hours, pollen from the same
species be placed on the stigma, the effects of the
former are wholly obliterated, excepting in some rare
cases. If two varieties are treated in the same manner,
the result is analogous, though of directly opposite
nature ; for pollen from any other variety is often or
generally prepotent over that from the same flower. I
will give some instances: the pollen of Mimulus luteus
wlarly falls on the stigma of its own flower, for the
plant is highly fertile when insects are excluded. Now
several flowers on a remarkably constant whitish variety
were fertilised without being castrated with pollen from
a yellowish variety ; and of the twenty-cight seedlings
thus raised, every one bore yellowish flowers, so that
the pollen of the yellow variety completely overwhelmed
that of the mother-plant. Again, Tberis umbellata is:
spontaneously self-fertile, and I saw an abundance of;
pollen from their own flowers on the stigmas; neverthe-
less, of thirty seedlings raised from non-castrated flowers
of a crimson variety crossed with pollen from a pink
variety, twenty-four hore pink flowers, like those of the
male or pollen-bearing parent.

In these two cases flowers were fertilised with pollen
from a distinet variety, and this was shown to be:
prepotent by the character of the offspring. Nearly
similar results often follow when two or more self-fertile
varieties are allowed to grow near one another and are
visited by insects. The common cabbage produces a
large number of flowers on the same stalk, and when
insects are excluded these set many capsules, moderately
rich inseeds. I planted a white Kohl-rabi, a purple
Kohl-rabi, a Portsmouth broceoli, a Brussels sprout,”
and a Sugar-loaf cabbage near together and left them
uncovered. Seeds collected from each kind were sown
in separate beds; and the majority of the seedlings in
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all five beds were mongrelised in the most complicated
manner, some taking more after one variety, and some
after another. The effects of the Kohlrabi were
particularly plain in the enlarged stems of many of the
seedlings. Altogether 233 plants were raised, of which
155 were mongrelised in the plainest manner, and of
the remaining 78 not half were absolutely pure. I
repeated the experiment by planting near together
two varieties of cabbage with purple-green and white-
green lacinated leaves; and of the 325 seedlings
raised from the purple-green variety, 165 had white-
green and 160 purple-green leaves. Of the 466 seed-
lings raised from the white-green variety, 220 had
purple-green and 246 white-green leaves. These cases
show how largely pollen from a neighbouring variety
of the cabbage effaces the action of the plant’s own
pollen. We should bear in mind that pollen must be
carried by the beesfrom flower to flower on the same
large branching stem much more abundantly than
from plant to plant; and in the case of plauts the
flowers of which are in some degree dichogamous,
those on the same stem would be of different ages, and
would thus be as ready for mutual fertilisation as the
flowers on distinct plants, were it not for the prepotency
of pollen from another variety.*

Several varieties of the radish (Raphanus sativus),
which is moderately self-fertile when insects are ex-
cluded, were in flower at the same time in my garden.
Seed was collected from one of them, and out of twenty-
two seedlings thus raised only twelve were true to their
kind.f

* A writer in the ‘Gardeners’ the seeds of the former. The
Chronicle’, (1855, p. 730) says result was that scarcely one seed-
that he planted a bed of turnips ling was true to its kind, and
(Brassica rapa) and of rapo (B. several closely resembled rape.
napus) close togetber, and sowed  + Dubamel, as quoted by God-
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The onion produces a large number of flowers, all |
crowded together into a large globular head, each
flower having six stamens; so that the stigmas receive
plenty of pollen from their own and the adjoining
anthers. Consequently the plant is fairly self-fertile
when protected from insects. A blood-red, silver,
globe and Spanish onion were planted near together;
and seedlings were raised from each kind in four
separate beds. Tn all the beds mongrels of various
kinds were numerous, except amongst the ten seedlings
from the blood-red onion, which included only two.
Altogether forty-six seedlings were raised, of which=
thirty-one had been plainly crossed.

A similar result is known to follow with the varieties
of many other plants, if allowed to flower near together:
T refer here only to species which are capable of
fertilising themselves, for if this be not the case, they
would of course be liable to be crossed by any other
variety growing near. Horticulturists do not commonly
distinguish between the effects of variability and inter-
crossing ; but I have collected evidence on the natural
crossing of varieties of the tulip, hyacinth, anemone,
ranunculus, strawberry, Leptosiphon androsaceus, orange,
thododendron and rhubarb, all of which plants I believe.
to be self-fertile.* Much other indirect evidence could

ron, Do I'Espece;’ tom. ii. p. 50,

makes an analogous  statement,
with respect to this plant.

* With respect to tulips and
bovtes fher! Aowers oo Cooron,
Do PEsptce,’ tom. 1. p.
(e B
p. 98. For sirawberries, sec
bert in ‘Transact. of Hor

ol iv. p. 17, The sime observer
aliowhors spesksof the spont
B
Gallesi s the same state-
went with respect to ornges. I

have myself known extensive

crossing fo occur with the common
thubatb. For Leptosiphon, Verlot,
“Des Variétés, 1863, p. 20. T havo
not included in my list the Car-
nation, Nemophila, or Antir:
rhinum, the varieties of which are
Tkuown to eross freely, beeauso
these plants are not always self-
fertile. T know nothing about
the self-ertility of Trollins (Le-
coq, ‘De la Fécondation,” 1862,
P. 43). Mahonia, and Crinum, it
which genera the speciesintereross
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be given with respect to the extent to which varieties
of the same species spontaneously intercross.
Gardeners who raise seed for sale are compelled by
dearly bought experience to take extraordinary pre-
cautions against intercrossing. Thus Messrs. Sharp
“have land engaged in the growth of seed in mo less
than eight p: i number

es.” The mere fact of a v:
of plants belonging to the same variety growing
together is a considerable protection, as the chances
are strong in fayour of plants of the same variety inter-
cerossing ; and it is in chief part owing to this circum-
stance, that certain villages have become famous for
pure seed of particular varieties.* Only two trials
were made by me to ascertain after how long an interval
of time, pollen from a distinct variety would obliterate
more or less completely the action of a plant’s own
pollen. The stigmas in two lately expanded flowers on
a variety of cabbage, called Ragged Jack, were well
covered with pollen from the same plant. - After an
interval of twenty-three hours, pollen from the Barly
‘Barnes Cabbage growing at a distance was placed on
hoth stigmas; and as the plant was left uncovered,
pollen from other flowers on the Ragged Jack would
certainly have been left by the bees during the next
two or three days on the same two stigmas. Under
these circumstances it seemed very unlikely that the
pollen of the Barnes cabbage would produce any effect ;
but three out of the fifteen plants raised from the two
capsules thus produced were plainty mongrelised : and
I have no doubt that the twelve other plants were

largely. With respect to Mahonia, o freely that pure seed could not
it is now searcely possible to pro-  be saver
cure in_this country pure speci- -~ * With respect fo Messrs. Sha
mens of M. aguifolium or repens;  see ¢ Gardeners’ Chronicle, 183
and the various species of Crinum  p. 823, Lind]
sent by Herbert (- Amaryllidaces,  ticulture,’ p.
p. 82) to.Caleutta, crossed there

s ¢ Thgory of Hor-
9.
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affected, for they grew much more vigorously thin the
self-fertilised seedlings from the Ragged Jack planted
at' the same time and under the same conditions.
Secondly, I placed on several stigmas of a long-styled
cowslip (Primula veris) plenty of pollen from the same
plant, and after twenty-four hours added some from a
short-styled darlkered Polyanthus, which is a variety of
the cowslip. From the flowers thus treated thirty
seedlings were raised, and all these without exception
bore reddish flowers; so that the effect of the plant’s
own pollen, though placed.on the stigmas twenty-
four hours previously, was quite destroyed by that of
the red variety. It should, however, be observed that
these plants are dimorphic, and that the second union:
was a legitimate one, whilst the first was illegitimate;
but flowers illegitimately fertilised with their own pollen
yield a moderately fair supply of seeds.

We have hitherto considered only the prepotent
fertilising power of pollen from a distinet variety over
a plant’s own pollen,—both kinds of pollen being
placed on the same stigma. It is a much more re-
markable fact that pollen from another individual of
the same variety is prepotent over a plant’s own pollen,
as shown by the superiority of the seedlings raised
from a cross of this kind over seedlings from self-
fertilised flowers. Thus in-Tables A, B, and C, there
are at least fifteen species which are self-fertile when
insects are excluded ; and this implies that their stigmas
must receive their own pollen ; nevertheless, most of
the seedlings which were raised by fertilising the non-
castrated flowers of these fifteen species with pollen
from another plant were greatly superior, in height,
weight, and fertility, to the self-fertilised offspring.*

* These fiftecn species consistof and Tutea, Limnanthes dowglasty
Brassica oleracea, Reseda odorate  Papaver vagum, Visearia oculatay
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For instance, with Ipomaa purpurea every single inter-
crossed plant exceeded in height its self-fertilised
opponent until the sixth generation; and so it was
with Mimulus Tuteus until the fourth generation. Out
of six pairs of crossed and self-fertilised cabbages, every
one of the former was much heavier than the latter.
With Papaver vagum, out of fifteen pairs, all but
two of ‘the crossed plants were taller than their self-
fertilised opponents. Of eight pairs of Lupinus luteus,
all but two of the crossed were taller; of eight pairs
of Beta vulgaris all but one ; and of fifteen pairs of Zea
mays all but two were taller. Of fifteen pairs of Lim-
nanthes douglasii, and of seven pairs of Lactuca sativa,
every single crossed plant was taller than its self-fer-
tilised opponent. It should also be observed that in
these experiments no particular care was taken to cross-
fertilise the flowers immediately after their expansion
it is therefore almost certain that in many of these
cases some pollen from the same flower will have
already fallen on and acted on the stigma.

There can hardly be a doubt that several othet
species of which the crossed seedlings are more
vigorous than the self-fertilised, as shown in Tables A,
B, and C, hesides the ahove fifteen, must have received
their own pollen and that from another plant at nearly
the same time ; and if so, the same remarks as those
just given are applicable to them. Scarcely any result
{rom my experiments has surprised me so much as this
of the prepotency of pollen from a distinet individual
over each plant’s own pollen, as proved by the greater
constitutional vigour of the crossed seedli
evidence of prepotency is here deduced

m  the

Beta wulgaris, Lupinus luteus, Vandellia nummularifolia, Tac-
Tponicca purpurea, Mimulus luteus, —tuca sativa, and Zea mays.
Culceolaria, Verbascum thupsus,
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comparative growth of the two lots of seedlings; but
we have similar evidence in many cases from the
much greater fertility of the non-c strated flowers on
the mother-plant, when these received at the same time
their own pollen and that from a distinct plant, in
comparison with the flowers which received only their
own pollen.

Trom the various facts now given on the spontaneous
intercrossing of varieties growing near together, and on
the effects of cross-fertilising flowers which are self=
fertile and have not been castrated, we may conclude
that pollen brought by insects or by the wind from
a distinet plant will generally prevent the action of
pollen from the same flower, even though it may have
been applied some time before; and thus the inter-
ing of plants in a state of nature will be greatly
favoured or ensured.

The case of a great tree covered with innumerable
hermaphrodite flowers scems at first sight strongly
opposed to the belief in the frequency of intercrosses
between distinet individuals. The flowers which grow
on the opposite sides of such a tree will have been
exposed to somewhat different conditions, and a cross
between them may perhaps be in some degree beneficial;
but it is not probable that it would be nearly so bene-
ficial as a cross between flowers on distinct trees, as we
may infer from the inefficiency of pollen taken from
plants which have been propagated from the same
stock, though growing on separate roots. The number
of bees which frequent certain kinds of trees when in
full flower is very great, and they may be seen flying
from tree to tree more frequently than might have
been expected. Nevertheless, if we consider how -
numerous are the flowers, for instance, on a horse-
chestnut or lime-tree, an incomparably larger number
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of flowers must be fertilised by pollen brought from
other flowers on the same tree, than from flowers on a
distinet tree. But we should bear in mind, that with.
the horse-chestnut, for instance, only one or two of the
several flowers on the Same peduncle produce a seed ;
and that this seed is the product of only one out of
several ovules within the same ovarium. Now we know
from the experiments of Herbert and others* that if onc
flower is fertilised with- pollen which is more efficient
than that applied to the other flowers on the same
peduncle, the latter often drop off; and it is probable
that this would occur with many of the self-fertilised
flowers on a large tree, if other and adjoining flowers
were cross-fertilised.  Of the flowers annually produced
by a great tree, it is almost certain that a large
number would be self-fertilised ; and if we assume
that'the tree produced only 500 flowers, and that this
number of seeds were requisite to keep up the stock,
50 that at least one seedling should hereafter strugole
to maturity, then a large proportion of the seedlings
would necessarily be derived from self-fertilised seeds.
But if the tree annually produced 50,000 flowers, of
which the self-fertilised dropped off without yielding
seeds, then the cross-fertilised flowers might yield
seeds in sufficient number to keep up the stock, and
most of the seedlings would be vigorous from heing
the product of a cross between distinet individuals,
In this manner the production of a vast number of
flowers, besides serving to entice numerous insects and
to compensate for the accidental destruction of many
flowers by spring-frosts or otherwise, would be a very
great advantage to the species; and when we behold
our orchard-trees covered with a white sheet of bloom

* “Variation under Domestication,” ch. xvii. 2nd edit. vol. . p- 120,
18
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in the spring, we should not falsely accuse nature of
wasteful expenditure, though comparatively little fruif
is produced in the autumn. !

Anemophilous Plants.—The nature and relations of
plants which are fertilised by the wind haye been
admirably discussed by Delpino* and H. Miller; and
1 have already made some remarks on the structure of
their flowers in contrast with those of entomophilous
species. There is good reason to believe that the-first
plants which appeared on this earth were cryptogamic;
and judging from what now occurs, the male fertilising
clement must either have possessed the power of spon-
taneous movement through the water or over damp
surfaces, or have been carried by currents of water to
the female organs. That some of the most ancient
plants, such as ferns, possessed true sexual organs there
can hardly be a doubt ; and this shows, as Hildebrand:
remarks,} at how early a period the sexes were separated.
As soon as plants became phanerogamic and grew on
the dry ground, if they were ever to intercross, it would
be indispensable that the male fertilising element
should be transported by some means through the =
air; and the wind is the simplest means of transport.
There must also have been a period when winged
insects did not exist,and plants would not then have been:
rendered entomophilous. Even at a somewhat later
period the more specialised orders of the Hymenoptera,

%

further discusses in a very in-
ting manner the steps by
which entomophilous flowers be-
came nectariferous and gradually
acquired their present structure
through  successive benefici

remark that plants must hav
been anemophilous before_they
were entomophilous. H. Miiller

changes.
+ * Die Geschlechter-Vertheil-
ung, 1867, pp. 84-90.
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Lepidoptera, and Diptera, which are now chiefly con-
cerned with the transport of pollen, did not exist.
Therefore the earliest terrestrial plants known to us,
samely, the Conifer and Cyeadiz, no doubt were ane-
mophilous, like the existing species of these same
groups. A vestige of this early state of things is
Jikewise shown by some other groups of plants which
are anemophilous, as these on the whole stand lower
in the scale than entomophilous species.

There is no great difficulty in understanding how an
anemophilous plant might have been rendered entomo-
philous.  Pollen is a nutritious substance, and would
soon have been discovered and devoured by insects;
and if any adhered to their bodies it would have been
carried from the anthers to the stigma of the same
flower, or from one flower to another.  One of the chief
characteristics of the pollen of anemophilous plants
is its incoherence; but pollen in this state can adhere
to the hairy bodies of insects, as we see with some
Leguminose, Ericacewe, and Melastomaceze. ‘We have,
however, better evidence of the possibility of a tran-
sition of the above kind in certain plants being now
fertilised partly by the wind and partly by insects.
The, common rhubarh (Rheuns rhaponticum) is so far
in an intermediate condition, that I have seen many
Diptera sucking the flowers, with much pollen adhering
to their bodies; and yet the pollen is so incoherent,
that clouds of it are emitted if the plant be gently
shaken on a sunny day, some of which could hardly
fail to fall on the large stigmas of the neighbouring
flowers. According to Delpino and H. Miiller,* some
species of Plantago are in a similar intermediate
condition. :

* ‘Die Befruchtung, &e. p. 312.
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Although it is probable that pollen was aboriginally
the sole attraction to insects, and althoughe-many
plants now exist whose flowers are frequented exclu-
sively by pollen-devouring insects, yet the great
majority secrete nectar as the chief attraction. Many
years ago I suggested that primarily the saccharine
matter in nectar was excreted* as a waste produet of
chemical changes in the sap; and that when the ex-
cretion happered to occur within the envelopes of a

ver, it was utilised for the important object of:
fertilisation, being subsequently much increased
in quantity and stored in various ways. This view
is rendercd probable by the leaves of some trees ex-
creting, under certain climatic conditions, without the
aid of special glands, a saccharine fluid, often called
honey-dew. is the case with the leaves of the
Jime; for although some authors have disputed the
fact, a most capable judge, Dr. Maxwell Masters,
informs me that, after having heard the discussions on
this subject before the Horticultural Society, he feels
a0 doubt on this head: The leaves, as well as the

=

out stems, of the manna ash (Fraxinus ornus) secrete

in a like manner saccharine matter.f According to
Ireviranus, so do the upper surfaces of the leaves of
Carduus arctioides during hot weather. Many ana-
logous facts could be given.f There are, however,
a considezable number of plants which bear small
glands§ on their leaves, petioles, phyllodia, stipules,

Nectar was regarded by

§ A large number of cases are
De Candolle and Dunal ss_an

given by Delpino in the ‘Bul-

exeretion, as stated by Martinet;
in* Annal des Sc. Nat. 1872, tom.
xiv. p. 211
+ “Gard. Chron.” 1876, p. 242
1 Kurr, * Untersuchuj
i cutung der Nektarien,’
. 115.

Ietino  Entomologico,” Anno vi.
1874, these may be added
those_given in my text, as well
as the excretion of saccharine
matter from the calyx of two
species of Iris, and from the brae-
tez of certain Orchides : seelurr,
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bractez, or flower peduncles, or on the outside of their
calyx, and these glands secrete minute drops of a sweet
fluid, which is eagerly sought by sugar-loving insects,
such as ants, hive-bees, and wa In the case of
the glands on the stipules of Ficia sativa, the excre-
tion manifestly depends on changes in the sap, con-
sequent on the sun shining brightly ; for I repeatedly
observed that as soon as the sun was hidden -behind
clouds the secretion ceased, and the hive-bees left the
field ; but as soon:as the sun broke out again, they
returned to their feast.* Thave observed an analogous
fact with the secretion of true nectar in the flowers of
Lobelia erinus.

Delpino, however, maintains that the power of
secreting a sweet fluid. by any extra-floral organ has

been in every case specially
aftracting ants and wasps as de

*Bedeutung der Nektarien, 1833,
pp- 25, 25~ Belt also refers (‘ Ni-
caragua, p. 224) to a- similar
tion by many epiphytal or-
chids and passion-flowe
Rodgers bas scen much neclar
scereted from the buses of the
flower-pedunclesot Vanilla, Tinl
says that the only example of a
hypopetalous nectary B o
him is externally at the base of
the flowers of Chironia decussata:
sce *Reports on Bo
ciety,’ 184
e e e
ject has lately appeared by Reinke
( Gétfingen Nachrichten,’ 1873,
D. 825), who shows that in many
Finita tho tips of the serrations
on the leaves in the ear
glands which secrete only at a
very early age, and which have
tlie same morphological structure
as true nectar-seereting glands
He further shows that the nectur-
scereting glands on the petioles

Mr.

as de

gained, for the sake of
nders of the plant

of Prunus avium are not deve-

loped at a very early age, y

wither away on the old

They are homologous with those

on the serrations of the bludes of

the same leaves, as shown by
(

487, nd after

S hulhcl observations.
Besides the hive-bee, another
B e P
two kinds of flies suc
of fluid on the stip
rger drops tasted sweet,
wover even looked
L were open
whilst two
species of humble-bees neglected
the stipules and visited only the
flowers.
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against their enemies; but I have never seen any
reason to believe that this is so with the three species
observed by me, namely, Prunus laurocerasus, Vicia
sativa, and V. faba. No plant is so little attacked by
of any kind as the common bracken-fern
{(Pteris aquilina) ; and yet, as my son Francis has
discovered, the large glands at the bases of the fronds,
but only whilst young, exerete much sweetish fluid,
which is eagerly sought by innumerable ants, chiefly
belonging to Myrmica; and these ants certainly do
not serve as a protection against any enemy. Delpino
argues that such glands ought not to be considered as
excretory, because if they were so, they would be
present in every species; but T cannot see much force
in this argument, as the leaves of some plants excrete
sugar only during certain states of the weather. That
in some cases the secretion serves to attract insects as
defenders of the plant, and may have been developed
to a high degree for this special purpose, T have not
the least doubt, from the observations of Delpino,
and more especially from those of Mr. Belt on Aeacie
spharocephala, and on passion-flowers. This acacia
likewise produces, as an additional attraction to ants,
small bodies containing much oil and protoplasm, ang:
analogous bodies are developed by a Cecropia for the
same purpose, as deseribed by Fritz Miiller.*

The excretion of a sweet fluid by glands seated
outside of a flower is rarely utilised as a means for
cross-fertilisation by the aid of insects; but this oceurs

with the bractew of the Marcgraviacew, as the late

* Mr. Belt has given a most cropia, see “Nature, 1876, p. 304
interesting account (‘The Natu- My son Francis has deseribed the
ralist in sua,’ 1874, p. 218)  microscopical structure and deve-

of the paramount importance of  lopment of these wonderful food-
ants as defenders of the above  bodies in a paper read before the
Acacia. With respect to the Ce- Linncan Society.
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Dr. Crnlver informed me from actual observation in the
West Iudles and as Dulpmu infers with much acuteness
from the relative position of the several parts of their
flowers.* Mr. Farrer has also shown t that the flowers
of ‘Coronilla are curiously modified, so that bees may
fertilise them whilst sucking the fluid secreted from
the outside of the calyx. It imthm appears probable
from the vbservations of Rev. W. A. Leighton, that the
fluid so abundantly secreted by glands on the phyllodia
of the Australian Aeacia magnifica, which stand near
the flowers, is connected with their fertilisation.}

The amount of pollen produced by anemophilous

plants, and the distance to which it is often trans-.

ported by the wind, are both surprisingly great. Mr.
* Hassall found that the weight of pollen produced by a
single plant -of the bulrush (Typha) was 144 grains.
Bucketfuls of pollen, chiefly of Conifere and Gra-
minew, have been swept off the decks of vessels near
the North American shore; and Mt. Riley has seen
the ground mear St. Louis, in M souri, covered with
pollen, as if sprinkled with sulphur; and there was
good reason to believe that this had been transported
- from the pine-forests at least 400 miles to the south.
Kerner has seen the snow-fields on the higher Alps

* ‘Ult. Osservaz. Dicogumia,
1868-69, . 18,
+ ‘Nntuxe lb7<} 169.
1 ‘Annals’ and wa of Nat
+ Hist." vol. xvi. 1865,
my work on the ¢ Ferthisation of

1 further suggested, in
ase of some othar orehids
which do not secrete nectar, that
insects gnawed the labellam; and

proved true. H. Miller and Del-

Orchids, and in a paper subse-
quently published in the * Annals

and Mag. of Nat. History, it has
béen shown that wlthough certain
Iinds of orchids possess a nectary,
10 nectar is actually seereted by
it; but that insects penetrate the
inner walls_and_suck the fluid
contained in the intercellular

pino have now shown that some
other plants have thickened pe-
tals which are sucked or gnawed
by insects, their fertilisation bein
thus sided. A1l the known f
on this head have been collected
Dby Delpino in 1u< e Osserv.
part ii. fasc. ii. 1875, pp. 59-63.
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similarly dusted ; and Mr. Blackley found numerous
pollen-grains, in one instance 1200, adhering to
sticky slides, whiclr were sent up to a height of from
500 to 1000 feet by means of a kite, and then un-
covered by a special mechanism. Tt is remarkable
that in these experiments there were on an ayerage
nineteen times as many pollen-grains in the atmosphere.
at the higher than at the lower levels.* Considering
thiese facts, it is not so surprising as it at first appears
that all, or nearly all, the stigmas of anemophilous
plants should receive pollen brought to them by mere
chance by the wind. During the early part of summer:
.every object is thus dusted with' pollen ; for instance,
1 exained for another purpose the labella of a large
number of flowers of the Fly Ophrys (which is rarely
visited by insects), and found on all very many pollen-
grains of other plants, which had been caught by their
velvety surfaces.

The extraordinary quantity and lightness of the
pollen of anemophilous plants are no doubt both
necessary, as their pollen has generally to be carried
to the stigmas of other and often distant flowers ; for,
as we shall soon see, most anemophilous plants have
their sexes separated. The fertilisation of these plants
is generally aided by the stigmas being of large
size or plumose; and in the case of the Conifere,
by the naked ovules secreting a drop of fluid, as
shown by Delpino. Although the number of ant

* For Mr. Hassalls observa- Kerner, ‘Die Schutzmittel des
<Amnals and Mag. of Pollens) 1873, p. 6. This author
Nat. Hist.’ vol. viii. 18 108, has also scen a lake in the Tyrol
Tn the * North American Journal  so covered with pollen, that the
of Science,” Jan. 1842, there isan  water no longer appeared blue.
account of the pollen swept off  Mr. Blackley, * Experimental Re-
the decks of a vessel. Riley, searches on Hay-fever, 1873
“Fifth Report on_the N . 132, 141-152.
Tnsects of Missouri,’ 187
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mophilous species is small, as the author just quoted
remarks, the number of ‘individuals i in com-
parison with that of entomophilous sy This
holds good especially in cold and temperate regions,

where insects are not so numerous as under a warmer
climate, and where consequently entomophilous plants
are less favourably situated. We see this in our
forests of Coni and other trees, such as oaks,
beeches, birches, ashes, &c.; and in the Gramine:w,
Cyperacew, and Juncacew, which clothe our meadows
and swamps ; all these trees and plants being fertilised
by the wind. As a large quantity of pollen is wasted
by anemophilous plants, it is surprising that so many
vigorous species of this kind abounding with individuals
should still exist in any part of the world; for if they
had been rendered entomophilous, their pollen would
have been transported by the aid of the senses and
-appetites of insects with incomparably greater safety
than by the wind. That such a conversion is possible
can hardly be doubted, from the remarks lately made
on the existence of intermediate forms; and apparently
it has been effected in the group of willo s we may
infer from the nature of their nearest allies.*
It seems at first sight a still more surprising fact
that plants, after having been once rendered entomo-
philous, should ever again have become anemophilous
but this has occasionally though rarely occurred, for
instance, with the common Poterium sanguisorba; as may
be inferred from its belonging to the Rosacew. Such
. cases are, however, intelligible, as almost all plants
require to be occasionally intercrossed; and if any
entomophilous species ceased to be visited by insects,
it would probably perish unless it were rendered

* H, Miiller, ‘Die Befruchtung,” &e. p. 149.
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anemophilous. A plant would be neglected by inseets
if nectar failed to be secreted, unless indeed a large:
supply of attractive pollen was present; and from
what we have seen of the excretion of saccharine fluid
from leaves and glands being largely governed in
several cases by climatic influences, and from some
few flowers which do not now scerete mectar still
retaining coloured guiding-marks, the failure of the
secretion cannot be considered as a very improbable
event. The same result would follow to a certainty,
if winged insects ceased to exist in any district, or
became very rare. Now there is only a single
plant in the great order of the Cruciferze, namely,
Pringlea, which is anemophilous, - and this plant is
an inhabitant of Kerguelen Land,* where there
are hardly any winged insects, owing probably, as
was suggested by me in the case of Madeira, to
the risk which they run of being blown out to sea and
destroyed. :

A remarkable fact with respect to anemophilous
plants is that they are often diclinous, that is, they.ate
eitlier moncecious with their sexes separated on the
same_plant, or dicecions with their sexes on distinet
plants. In the class Monwcia of Linnwus, Delpino
shows  that the species of twenty-eight genera are
anemophilous, and of seventeen genera entomophilous.
In the class Dicecia, the species of ten genera are
anemophilous and of nineteen entomophilous. The
larger proportion of entomophilous genera in  this
atter class is probably the indirect result of insects
having the power of carrying pollen to another and
sometimes distant plant much more securely than the

* The Rev. A, E. Enton in 1 ‘Studi sopra un Lignacsio

anemofilo delle Composite,’ 1871

“Proc. Royal Soc.” vol. xxiii. 18
p. 351
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wind. In the above two classes taken together there
are thirty-eight memophxlous and thnw -six ento-
mophilous genera; whereas in the great mass of
hermaphrodite plants the proportion of anemophilous
to entomophilous® genera is extremely small. The
cause of this remarkable difference may be attributed
to anemophilous plants having retained in a greater
degree than the entomophilous a primordial condi-
tion, in which the sexes were separated and their
mutual fertilisation effected by means of the wind.
That the earliest and lowest members of the vegetable
kingdom had their sexes separated, as is still the case
to a large extent, is the opinion of a high authority,
Niigeli* Tt is indeed difficult to avoid this con-
clusion, .if - we admit the view, which seems highly
probable, that the conjugation of the Alge and of
some of the simplest animals is the first step towards
sexual reproduction ; and if we further bear in mind
that a greater and greater degree of differentiation
between the cells which conjugate can be traced,
thus leading apparently to the development of the
two sexual forms.t We have also seen a.mt as
plants became more highly developed and affixed to
the ground, they would be compelled to be anemo-
philous in order to intercross. Therefore all plants
which have not since been greatly modified, would
tend still to be both diclinous and anemophilous; and
we can thus understand the connexion between these
two states, although they appear at first sight quite

* Bntstehung und Begriff der  Also, Engelmann, “ Ucber Fnt-

naturhist. Art,’ 1863, p. 22, wickelung von Tufusorien,” ‘Mor-
+ See the lntercstm" diseus-  plol. Jahrbuch,’ B. i. p. 573.

tion on_this whole subject by 0. Also, Dr. A. Dodel, & Die Kraus-

Biitschli in R Shed s haar-Alge,” ¢ Pringsheims Jahrb,

exsten Entwickelungsvorgingeder  f. wiss. Bot.” B. x.

Eizelle, &e. 1876, pp. 207-219.
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disconnected. If this view is correct, plants must have
been tendered hermaphrodites at a later though still
very early period, and entomophilous at a yet later
period, namely, after the development of winged insects.
So that the relationship between hermaphroditism and
fertilisation by means of insects is likewise to'a certain
extent intelligible. i J

‘Why the descendants of plants which were originally
dicecious, and which therefore profited by always inter-
crossing with another individual, should have been
converted into hermaphrodites, may pcrhéps be ex-
plained by the risk which they ran, especially aslong as
they were anemophilous, of not being always fertilised,
and consequently of not ing offspring. This latter
evil, the greatest of all to any organism, would have -
been much lessened by their becoming hermaphrodites,
though with the contingent disadvantage of frequent
self-fertilisation. By what graduated steps an herma-
phrodite condition was acquired we do not know. Bu
we can see that if a lowly organised form; in ‘which
the twg sexes were represented by somewhat different
individuals, were to increase by budding either before
or after conjugation, the two incipient sexes would
be capabls appearing by buds on the same stock,
as occasionally occurs with various characters at the
pr The organism would then be in a
moncecious condition, and this is probably the first
step towards hermaphroditism ; for if very simple
male and female flowers on the same stock, each con~
sigting of a single stamen or pistil, were brought close
together and surrounded by a common envelope, in
nearly the same manner as with the florets of the
Compositee, we should have an hermaphrodite flower.

There seems to be no limit to the changes which
organisms undergo under changing conditions of life;

> of

© The Complete Work of Charles Darwin Online




Cuar. X. SEXUAL RELATIONS OF PLANT! 411

and some hermaphrodite plants, descended as we must
believe from aboriginally diclinous plants, have had
their sexes again separated. That this has.occurred,
we may infer from the presence of rudimentary stamens
in the flowers of some individuals, and of rudimentary
pistils in the flowers of other individuals, for example
in Lychnis dioica. But a conversion of this kind will
not have oceurred unless cross-fertilisation was already
assured, generally by the agency of insects; but why
the production of male and female flowers on distinct
plants should have been advantageous to the species,
cross-fertilisation having been previously assured, is
far from gbvious. A plant might indeed produce twice
as many seeds as were necessary to keep up its numbers
under new or changed conditions of life ; and if it did
not vary by bearing fewer flowers, and did vary in the
state of its reproductive organs (as often occurs under
cultivation); a wasteful expenditure of seeds and pollen
would he saved by the flowers becoming diclinous.

A related point is worth notice. I remarked in my
Origin of Species that in Britain a much larger pro-
portion of trees and bushes than of herbaceous plants
have their sexes separated ; and so it is, according to
Asa Gray and Hooker, in North America and New
Zealand.* Tt is, however, doubtful how far this rule

Ifind in the ‘London Cata- m\rl Dr. Hooker

*
logue of British Plants, that there
are thirty-two_indigenous tree:
and bushes in Great_Britain,
classed under nine families; bt
to err on the safo side, I haye
counted only &ix species of wil-
Tows. Of tho thirty-two trees and
bushes, nineteen, or more than
half, have their sexes separated ;
and this is an enormous propor-
tion compared with other British
plants. New Zealand abounds
with diclinous plants and trees ;

out of about 756
plants inhabitifg thecinn

less than 108 are trees, belong-
ing to thirty-five familie of
Un.sa 108 trees, WO,

very nearly half,
more or less separated.
thero are 149, of which six
one have their sexes in the same
state; whilst of the remaining
500 herbaceous plants only 121,
or less than a fourth, have their -
sexes separated, Lastly, Prof.
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holds good generally, and it certainly does not do so
in Australia. But I have been assured that the flowers
of the prevailing Austialian trees, namely, the
Myrtaces, swarm with insects, and if they are dicho-
gamous they would be_ practically diclinous.®  As far
anemophilous plants are concerned, we know that
they are apt to have their sexes separated, and we can
see that it would be an unfavourable circumstance for
them to bear their flowers very close to the ground, as
their pollen is liable to be blown high up in the air; T
but as the culms of grasses give sufficient elevation,
we cannot thus account for so many trees and bushes
being diclinous. We may infer from our previous
discussion that a tree bearing numerous hermaphrodite®
flowers- would rarely intercross w ith another tree,
except by means of the pollen of a distinct individual
being prepotent over the plant’s own pollen. Now the
separation of the sexes, whether the plant were anemo-
philous or entomophilous, would most effectually bar.
self-fertilisation, and this may be the cause of so many
trees and bushes being diclinous. Or to put the case
in another way, a plant would be better fitted for
development into a tree, if the sexes were separated,
than if it were hermaphrodite ; for in the former case
its numerous flowers would be less liable to continued

informs me that in the
tes there are 132 native
ng to twenty-five
ninety-five (be-
to seventeen families)
their sexes more or less
separated, for the greater part
decidedly separated.”

* Wi ;pect to the Proteacew

hr
of ‘Australia, Mr. Bentham re-
marks (‘Journal Linn. Soc. Bot.
vol. xiii. 1871, pp- 58, 64) on the
various contrivances by which the

stigma in the several genera is
screened from the action of the
pollen from the same flower. For
instance, in Synaphes “the stigni
is held by the eunuch (i, one
of the stamens which is barren)
safe from all pollution from her
Drother anthers, and is preserved
intact for any pollen that may be
inserted by insects and other
agencies.”

t Kerner, ¢ Schutzmittel des
Pollens, 1873, p. 4.
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self-fertilisation. But it should-also be observed that
the long life-of a tree or bush permits of the separation
“of the sexes, with much less risk of evil from impreg-
nation occasionally failing and seeds not heing pro-
duced, than in the case of short-lived plants. Hence
_ it probably is, as Lecogq has remarked, that annual
plants are rarely dicecious.
Finally, we have seen reason to believe that the
higher plants are descended from extremely low forms
which conjugated, and that the conjugating indi-
viduals differed somewhat from one another,—the one
representing the male and the other the female—so
that plants were aboriginally dicecious. At a very
early period such lowly organised dicecious plants
probably gave rise by budding to moncecious plants
with the two sexes borne by the same individual ; and
by a still closer union of the sexes to hermaphrodite
plants, which are now much the commonest form.*
As soon as plants became affixed to the ground, their
pollen must have been carried by some means from
flower to flower, at first almost certainly by the wind,
then by pollen- devouring, and afterwards by nectar-
seeking insects. Dmmg subsequent ages some. few
* entomophilous plants have been again rendered anemo-
philous, and some hermaphrodite plants haye had their
sexes again separated; and we can vaguely see the
advantages of such recurrent changes under certain
conditions.

Dicecious plants, however fertilised, have a great

duals, which represented the two
On this view, the

* There is a able

nsiders
amount “of evidence ﬂlat all the
higher animals are_the descend-
ants of hermaphrodites; and it is
& curious problem whetler such
hermaphroditism may not bave
‘been the result of the conjugation
of two slightly different indivi-

incipient sc:

s

higher animals may now owe
their bilateral structure, with all

+ their organs double at an early
embryonic period, to the fusion
or conjugation of two primordial
individuals.
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advantage over other plants in their cross-fertilisation
being assured. But this advantage is gained in the
case of anemophilous species at the expense of the
production of an enormous superfluity of pollen, with
some risk to them and to entomophilous species of
their fertilisation occasionally failing. Half the in-
dividuals, moreover, namely, the males, produce no
seed, and this might possibly be a disadvantage.
Delpino remarks that diwcious plants cannot spread so
ily as moncecious and hermaphrodite species, for a
single individual which happened to reach some new
site could mot propagate its kind; but it may. be
doubted whether this is a serious evil. Moncecious
plants can hardly fail to be to a large extent dicecious
in function, owing to the lightness of their pollen and
to the wind blowing laterally, with the great addi-
tional advantage of occasionally or often producing
some self-fertilised seeds. ~ When they are also di~
chogamous, they are necessarily dicecious in function.
Lastly, hermaphrodite plants can generally produce af
least some self-fertilised seeds, and they are at the
same time capable, through the various means specified
in this chapter, of cross-fertilisation. When their
structure absolutely prevents self-fertilisation, they are
in the same telative position to one another as
monecious or dicecious plants, with what may be an
advantage, namely, that every flower is capable of
yielding seeds.
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CHAPTER XI.

Tue HapiTs OF INSECTS 1IN

RELATION TO THE FERTILISATION OF
FLOWERS.

Insects visit the flowers of the same species as long as they can— Caus
of this habit—Means by which bees recognise the flowers of the
same species—Sudden sceretion of neetar—Nectar of certuin flowers
unatiractive to certain insects—Industry of hees, and the number
of flowers visited within a short time—Perforation of the corolly
by bees—Skill shown in the operation—Hive-bees profit by the
holes made by humble-bees—Effects of hahit—The motive for per-
forating flowers to save time—Flowers growing in crowded masses
chiefly perforated.

Bees and various other insects must be directed by
instinct to search flowers for nectar and pollen, as
they, act in this manner without instruction as'soon as
they emerge from the pupa state. Their instincts,
however, are not of a specialised nature, for they visit
many exotic flowers as readily as the endemic kinds,
and they often search for nectar in flowers which do
not secrete any ; and they may be seen attempting to
suck it out of nectaries of such length that it cannot
be reached by them.* All kinds of bees and certain
other insects usnally visit the flowers of the same ;lvomcs
as long as they can, before going to another spec
This fact was observed by Austuth‘ with respect to the

i Miil-
o i

Hymenoptera have inberited from
some carly nectar-suc

. 42
and Sir J. Lubbocl’s * British
Wild Flowers,” &e. p. 20. Miller
assigns (‘Bienen Zeitung,’ June
1876, p. 119) good reasons for his
belief that bees and many other

e e
tlowers ﬂmn that which is dis-
played by insects belonging to
16 other Orders
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hive-bee more than 2000 years ago, and was noticed
by Dobbs in a paper published in 1736 in the Philo-
sophical Transactions. It may be observed by any
one, both with hive and humble-bees, in every flower-
garden; not that the habit is in bly followed. Mr.
Bennett watched for several hours* many plants of
Lamium album, L. purpureum, and “another Labiate
plant, Nepeta glechoma, all growing mingled together
on a bank near some hives ; and he found that each
bee confined its visits to the same species. The pollen
of these three plants differs in colour, so that he was
able to test his observations by examining that which
adhered to the bodies of the captured bees, and he =&
found one kind on each bee.

Humble and hive-bees are good botanists, for they =

Jnow that varieties may differ widely in the colour of
their flowers and yet belong to the same species. T
have repeatedly seen humble-hees flying straight from
a plant of the ordinary red Dictamnus Jfrazinella to &
white variety; from one to another very differently
colowred  variety of Delphinium consolidas and of
Primula verts ; from a dark purple to a bright yellow
variety of Viola tricolor; and with two species of
Papaver, from one variety to another which differed
much in colour; but in this latter case some of the
bees flew indifferently ta either species, although pass-
ing by other genera, and thus acted as if the two spe-
cies were merely varieties. H. Miller also has seen:
hive-bees flying from flower to flower of Ranunculus
bulbosus and arvensis, and of Trifolium fragiferum
and repens; and even from blue hyacinths to blue
violets. ;
Some species of Diptera or flies keep to.the flowers

¢ Natwe, 1874, June 4th,  t ‘Bienen Zeitung,’ July 1876,
92. p. 183,

P
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of the same species with aimost as much regularity as
do bees; and when captured they are found covered
with pollen. I have seen Rhingia rostrata acting in
this manner with the flowers of Lychnis dioica, Ajuga
reptans, and Vicia sepium.  Volueella plumosa and Empis
cheiroptera flew straight from flower to flower of Myosotis
sylvatica. Dolichopus nigripennis behaved in the same
manner with Pofentilla tormentilla ; and other Diptera
with Stellaria holostea, Helianthemwm wvulgare, Bellis
perennis, Veronica hederafolia and chamaedrys ; but some
tlies visited indifferently the flowers of these two latter
species. Lhave seen more than once a minute Thrips
with pollen adhering to its body, fly from one flower to
another of the same kind; and one was observed by
me crawling about within a convolvulus with four

grains of pollen adhering to its head, which were
deposited on the stigma.

Fabricius and Sprengel state that when flies have
once entered the flowers of Aristolochia they never
escape,—a statement which I could not believe, as in
this case the insects would not aid in the cross-fertili-
sation of the plant; and this statement has now been
shown by Hildebrand to be erroneous. As the spathes
of Arwn maculatum are furnished with filaments appa-
rently adapted to prevent the exit of insects, they
resemble in this respect the flowers of Aristolochia; and
‘on examining several spathes, from thirty to sixty
minute Diptera belonging to three species were found
in some of them ; and many of these insects were lying
dead at the bottom, as if they had been permanently
entrapped. In order to discover whether the living
ones could escape and carry pollen to another plant, I
tied in the spring of 1842 a fine muslin bag tightly
round a spathe; and on returning in an hour’s time
several little flies were crawling about on the - inner
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surface of the bag. I then gathered a spathe and
breathed hard into it; several flies soon crawled out,
and all without exception were dusted with arum-pollen,
These flies quickly flew away, and I distinetly saw
three of them fly to another plant about a yard off;
they alighted on the inner or concave surface of the
spathe, and suddenly flew down into the flower. I then
opened this flower, and although not a single anther
had Dburst, several grains of pollen were lying at the
bottom, which must have been brought from another
plant by one of these flies or by some other insect. In
another flower little flies were crawling about, and I
saw them leave pollen on the stigmas.

1 do not know whether Lepidoptera generally keep -

to the flowers of the same species; buf I once observed
many minute moths (I believe Lampronia (Tinea)
calthella)- apparently eating the pollen of Mercurialis
annud, and they had the whole front of their bodies
covered with pollen. I then went to a female plant
some yards off, and saw in the course of fiffeen minutes
three of these moths alight on the stigmas. Lepidoptera
are probably often induced to frequent the flowers of the
same species, whenever these are provided with a long
and narrow nectary, as in this case other insects cannot

suck the nectar, which will thus be preserved for those

having an elongated proboscis. No doubt the Yucea
moth* visits only the flowers whence its name is de-
rived, for a most wonderful instinct guides this moth
to place pollen on the stigma, so that the ovules may be
developed on which the larvee feed. With respect to
Joleoptera, I have seen Meligethes covered with pollen
flying from flower to flower of the same species; and

* Deseribed by Mr. Riley in the ¢ American Nuturalist" vol. vil 3

Oct. 1873, .
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this must often occur, as, according to M. Brisout,
“many of the species affect only one kind of plant.” *
It must not be supposed from these several statements
that insects strictly confine their visits to the same
species. They often visit other species when only a
few plants of the same kind grow near together. In a
flower-garden containing some plants of (Enothera, the
pollen of which can easily be. recognised, I found not
only single grains but masses of it within many flowers
of Mimulus, Digitalis, Antirrhinum, and Linaria.
Other kinds of pollen were likewise detected in these
same flowers. A large number of the stigmas of a plant
of Thyme, in which the anther§ were completely abotted,
were examined; and these stigmas, though scarcely
larger than a split needle, were covered not only with
pollen of Thyme brought from other plants by the bees,
but with several other kinds of pollen.
That insects should visit the flowers of the same
- species as long as they can, is of great importance
to the plant, as it favours the cross-fertilisation of
distinet individuals of the same species; but no one
will suppose that insects act in this manner for the good
of the plant. The cause probably lies in insects being
thus enabled to work quicker; they have just learnt
how fo stand in the best position on the flower, and how
far and in what direction to insert their proboscides.f
They act on the same principle as does an artificer
who has to make half-a-dozen engines, and who saves
time by making consecutively each wheel and part for
all of them. Tnsects, or at least bees, seem much in-
fluenced by habit in all their manifold operations ; and

* Asquotedin ‘ American Nat.'  conclusion with respect to the
May 1873, p. 270. cause of insects frequenting as
1 Since _these remarks were longasthey can the flowers of the
written, I find that H. Miiller has  Dienen Zeitung!
come 1o almost esactly the same
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we shall presently see that this holds good in their
felonious practice of biting holes through the corolla.

Tt is a curious question how bees recognise the flowers
of the same speci That the coloured corolla is the
chief guide cannot be doubted. On a fine day; when
hive-bees were incessantly visiting the little blue flowers
of Lobelia erinus, I cut off all the petals of some, and.
only the lower striped petals of others, and these flowers
were not once again sucked by the bees, although some
actually crawled over them. The removal of the two
little upper petals alone made no difference in their
visits. Mr. J. Anderson likewise states that when here- -
moved the corollas of the Calceolaria, bees never visited
the flowers.*  On the other hand, in some large masses of &
" Geranium phazuin which had escaped out of a garden, T
observed the unusual fact of the flowers continuing to
secrete an abundance of nectar after all the petals had
fallen off ; and the flowers in this state were still vlslted
by humble-bees. But the bees might have learnt thiat -
these flowers with all their petals lost were still worth
visiting, by finding nectar in those with only one or
t The colour alone of the corolla seryes as
an approximate guide: thus I watched for some time
humble-bees which were visiting exclusively plants of

vo los

* “Gardeners’ Chronicle,’ 1
“p.53¢. Kurrcut off the nectaries
Fom  lirs mamber ‘of foweralof
several species, and found tha
the greater number yielded seeds
but insects probably would not
perceive the loss of the nectary
until they had inserted their pro-
boscides into the holes thus
formed, and in doing so would
fertilise the fowers. He also re-
moved the whole corolla from a
considerable_ number of flowers,
and these likewise yielded seeds,
Flowers which aro self-fertile

would naturally pmduw seeds
under these circumstances; but T
am greatly surprised m.uc Delphi<
nium _consolida, as well a8 ans
other species of Delphinium, and
Viola_ tricolor, should have pro-
duced a fair supply of seeds when
thus treated; but it docs nof ap=
pear that ho compared the number
thus produced with.
elded by unmutilated
Hlowers Joft to 4h frco, Gosess of
insects: *Bedeutung der Nel=
tarien,” 1833, pp. 123-135.
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the white-flowered Spiranthes autumnalis, growing on
short turf at a considerable distance apart; and these
bees often- flew within a few inches of several other
plants with white flowers, and then without further ex-
amination passed onwards in search of the Spiranthes.
Again, many hive-bees which confined their visits to the
common ling (Calluna vudgaris), repeatedly flew towards
Erica tetraliz, evidently attracted by the nearly similar
tint of their flowers, and then instantly passed on in
_ search of the Calluna.

That the colour of the flower is not the sole guide, is
clearly shown by the six cases above given of bees
which repeatedly passed in a direct line from one
variety to another of the same species, ¢ they
bore very differently coloured flowers. I observed also
bees flying in a straight line from one clump of a yellow-
flowered (Enothera to every other clump of the same
plant in the garden, without turning an inch from
their’ course to plants of Eschscholtzia and others with
yellow flowers which lay only a foot or two on either
side. In these cases the bees knew the position of each
plant in the garden perfectly well, as we may infer by
the directness of their flight ; so that they were guided
by experience and memory. But how did they discover
at first that the above varieties with differently coloured
flowers belonged to the same species ? TImprobable as-
it may appear, they seem, at least sometimes, to recog-
nise plants even from a distance by their general
aspect, in the same manner as we should do. On three
occasions I observed humble-bees flying in a perfectly
straight line from a tall larkspur (Delphinium) which
was in full flower to another plant of the same species
at the distance of fifteen yards which had not as yet a
single flower open, and on which the buds showed only
a faint tinge of blue. Here neither odour nor the
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memory of former visits could have come into play,
and the tinge of blue was so faint that it could hardly
have served as a guide.* ;

The conspicuousness of the corolla does not suffies
to induce repeated visits from insects, unless neectar is
at the same time secreted, together perhaps with
some odour emitted. I watched for a fortnight many
times daily a wall covered with Linaria cymbalaria
in full flower, and never saw a bee even looking at
one.  There was then a very hot day, and suddenly -
many hees were industriously at work on the flowers.
Tt appears that a certain degree of heat is necessary for
the secretion of nectar; for I observed with Lobelia
erinus that if the sun ceased to shine for only half an"
hour, the visits of the bees slackened and soon ceased.
An analogous fact with respect to the sweet excrefion
from the stipules of Vicia sativa has been already
given. As in the case of the Linaria, so with Pedicu-
laris sylvatica, Polygala vulgaris, Viola tricolor, and some
species of Trifolium, I have watched the flowers day .
after day without seeing a bee at work, and then sud-
denly all the flowers were visited by many bees. Now
how did so many bees discover at once that the flowers
were seereting nectar ? T presume that it must haye been
by their odour; and that as soon as a few bees began
to suck the flowers, others of the same and of different -
Kinds observed the fact and profited by it. We shall
fi ntly see, when we treat’ of the perforation of the
corolla, that bees are fully‘capable of profiting by the

» A fact mentioned by I flowers of the Jong-styled form, in
Miiller (*Die Befruchtung,” &e, which the anthers are seated low.
D. 347) shows that bees possess down in the tubular corolla, Yek
zenfe powers of visivn and d the difference in aspect befween

rimination ; for h gedin  the long-styled and short-styled
colleeting pollen from Primula  forms is extremely slight.
elatior invariably passed by the
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labour of other species. Memory also comes into play,
for, as already remarked, bees know the position of
each clump of flowess in a garden. I have repeatedly
seen them passing round a corner, but otherwise in as
straight a line as possible, from one plant of Fraxinella
and of Linaria to another and distant one of the same
species ; although, owing to the intervention of other
plants, the two were not in sight of each other.

It would appear that either the taste or the odour of
the nectar of certain flowers is unattractive to hive or to
humble-bees, or to both ; for there seems no other reason
why certain open flowers which secrete n are not
visited by them. The small quantity of nectar secreted
by some of these flowers can hardly be the cause of
their neglect, as hive-hees scarch eagerly for the minute
drops on the glands on the leaves of the Prunus lauro-
cerasus. Even the bees from different hives sometimes
visit different kinds of flowers, as is said to be the case
by Mr. Grant with respect to the Polyanthus and Viola
tricolor.* T have known humble-bees to visit the flowers
of Lobelia fulgens in one garden and not in another at
the distance of only a few miles. The cupful of nectar
in the labellum of Epipactis latifolia is never touched
by hive- or humble-bees, although T have seen them
flying close by; and yet the nectar has a pleasant
taste to us, and is habitually consumed by the common
wasp.  As far as T have seen, wasps seek for nectar in
this country only from the flowers of this Epipactis,
Serophularia aquatica, Symphoricarpus racemosa,t and
Tritoma; the two former plants being endemic, and
the two latter exotic. As wasps are so fond of sugar

* Gard, Chron.” 1844, p. 374, three plants are alone v
The same fict apparently wasps: * Nettarii Estranuziali,
holds good in Ialy, for Delpino Bullettino Entomologico,’ auno vi.
says that the flowers of the
19
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and of any sweet fluid, and as they do not disdain the
minute drops on the glands of Prunus lawrocerasus, it
is a strange fact that they do not suck the nectar of
many open flowers, which they could do without the
aid of a proboscis. Hive-bees visit the flowers of
the Symphoricarpus and Tritoma, and this makes it all
the stranger that they do mot visit the flowers of
the Epipactis, or, as far as T have seen, those of the
Serophularia aquatica; althongh they do visit the
flowers of Serophularia modosa, at least in North
America.*

The extraordinary industry of bees and the number
of flowers which they visit within a short time, so that
cach flower is visited repeatedly, must greatly increase
the chance of each receiving pollen from a distinet
plant.  When the nectar is in any way hidden, bees
cannot tell without inserting their proboscides whether:
it has lately been exhausted by other bees, and
this, as remarked in a former chapter, forces them fo
visit many more flowers than they otherwise would.
But they endeavour to lose as little time as they canj
thus in flowers having several nectaries, if they find
one dry they do not try the others, but as I have often
observed, pass on to another flower. They work so in-
dustriously and effectually, that even in the case of
social plants, of which hundreds of thousands grow:
together, as with the several kinds of heath, every
single flower is visited, of which evidence will presently
be given. They lose mo time and fly very quickly
from plant to plant, but T do not know the rate at
which hive-bees fly. Humble-bees fly at the rate of
ten miles an hour, as T was able to ascertain in the case
of the males from their curious habit of calling ab

* ¢ Silliman’s American Journal of Science,’ Aug, 1871
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certain fixed points, which made it easy to measure the
time taken in passing from one place to another.

With respect to the number of flowers which bees
visit in & given time, I observed that in exactly one
minute a humble-bee visited twenty-four of the closed
flowers of the Linaria cymbalaria ; another bee visited
in the same time twenty-two flowers of the Symphori-
carpus racemosa ; and another seventeen flowers on two
plants of a Delphinium. In the course of fifteen
minutes a single flower on the summit of a plant of
(nothera was visited eight times by several humble-
bees, and I followed the last of these bees, whilst
it visited in the cowse of a few additional minutes
every plant of the same species in a large flower-
garden. In nineteen minutes every flower on a small
plant of I\rimophila insignis was visited twice. In one
minute six flowers of a Campanula were entered by
a pollen-collecting hive-bee; and bees when thus
employed work slower than when sucking nectar.
Lastly, seven flower-stalks on a plant of Dictamnus
Srawinella were observed on the 15th of June 1841 during
ten minutes ; they were visited by thirteen humble-bees
each of which entered many flowers. On the 22nd the
same flower-stalls were visited within the same time by
eleven humble-bees. This plant bore altogether 280
flowers, and from the above data, taking into con-
sideration how late in the evening humble-bees work,
each flower must have been visited at least thirty times
daily, and the same flower keeps open during several
days. The frequency of the visits of bees s also some-
times shown by the manner in which the petals are
seratched by their hooked tarsi; Thave seen large beds
of Mimulus, Stachys, and Lathyms with the bunty
of their flowers thus sadly defaced.

LPerforation of the Corolla by Bees—1 have already
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alluded to bees biting holes in flowers for the sake of
obtaining the nectar. They often act in this manner,
both with endemic and exotic species, in many parts of
Turope, in the United States, and in the Himalaya;
and therefore probably in all parts of the world. The
plants, the fertilisation of which actually depends on
insects entering the flowers, will fail to produce seed
when their nectar is stolen from the outside; and even
with those species which are capable of fertilising
themselves without any aid, there can be no cross-
fertilisation, and this, as we know, is a serious evil
in most cases. The extent to which humble-bees
carry on the practice of biting holes is surprising: a
remarkable case was observed by me near Bourne-
mouth, where there were formerly extensive heaths.
I took a long walk, and every now and then gathered
a twig of Hrica tetraliz, and when I had got a handful
all the flowers were examined through a lens. This
process was repeated many times; but though many
examined, I did not succeed in finding:
a single flover which had not been perforated.
Humble-bees were at the time sucking the flowers
through these perforations. On the following day a
large number of flowers were examined on another
heath with the same result, but here hive-bees were
sucking through the holes. This case is all the
more remarkable, as the innumerable holes had been
made within a fortnight, for before that time I saw the
bees everywhere sucking in the proper manner at the
mouths of the corolla. In an extensive flower-garden
some large beds of Salvia grahami, Stachys coceined,
and  Pentstemon argutus (?) had every flower per-
forated, and many scores were examined. I have seen
whole fields of red clover (Trifolium pratense) in the
same state. Dr. Ogle found that 90 per cent. of the

hundreds we:
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flowers of Salvia glutinosa had been bitten. In the
United States Mr. Bailey says it is difficult to find a
blossom of the native Gerardia pedicularia without a
hole in it; and Mr. Gentry, in speaking of the intro-
duced Wistaria sinensis, says “that nearly every flower
had been perforated.” *

As far as I have seen, it is always humble-bees which
first bite the holes, and they are well fitted for the work
by passessing powerful mandibles; but hive-hees after-
wards profit by the holes thus made. Dr. H. Miller,
however, writes to me that hive-hees sometimes bite
holes through the flowers of Erica tetraliz. No insects
except bees, with the single exception of wasps in the
case of Tritoma, have sense enough, as far as I have
observed, to profit by.the holes already made. Even
humble-bees do not always discover that it would be
advantageous to them to perforate certain flowers.
There is an abundant supply of nectar in the nectary
of Tropzolum tricolor, yet I have found this plant
untouched in more than one garden, while the flowers
of other plants had been extensively perforated; but
a few years ago Sir J. Lubbock’s gardener assured
me that he had seen humble-bees boring through
the nectary of this Tropmolum. DMiiller has observed
humble-bees trying to suck at the mouths of the
flowers of Primula elatior and of an Aquilegia, and,
failing in their attempts, they made holes through
the corolla; but they often bite holes, although they
could with very little more trouble obtain the
nectar in a legitimate manner by the mouth of the
corolla.

Dr. W. Ogle has communicated to me a curious case.

* Dr. Ogle, ‘Pop. Science Re-  p. 690. Gentry, ibid. May 1875,
view, July 1869, p. 267. Bailey, p. 264
¢ American Naturalist,’ Nov. 1873,
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He gathered in Switzerland 100 flower-stems of the
common blue variety of the monkshood (dcondtum
napellus), and not a single flower was perforated ; he
then gathered 100 stems of a white variety growing
close by, and every one of the open flowers had been
perforated. This surprising difference in the state of
the flowers may be attributed with much probability
to the blue variety being distasteful to bees, from the
presence of the acrid matter which is so general in the
TRanunculacew, and to its absence in the white variety
in correlation with the loss of the blue tint. ~Accord-
ing to Sprengel,* this plant is strongly proterandrous;
it would therefore be more or less sterile unless bees
carried pollen from the younger to the older flowers.
Consequently the white variety, the flowers of which
were always bitten instead of being properly entered
by the bees, would fail to yield the full number
f and would be a comparatively rare plant,
Ogle informs me was the case.

how much skill in their manner of working,
for they always make their holes from the outside
close to the spot where the nectar lies hidden within
the corolla. All.the flowers in a large bed of Stachys
coceinea had either one or two slits made on the upper
side of the corolla near the base. The flowers of a
Mirabilis and of Salvia coccinea were perforated in the
same manner ; whilst those of Salvia grahami, in which
the calyx is much elongated, had both the calyx and the
corolla invariably perforated. The flowers of Pentstemon
argutus are broader than those of the plants just named,
and two holes alongside each other had here always
been made just above the calyx. In these seyeral cases
the perforations were on the upper side, but in Anfir-

* ¢ Das Entdeckte,’ &e. p. 278.
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rhinwm majus one or two holes had been made on the
lower side, close to the little protuberance which re-
presents the nectary, and therefore directly in front of
and close to the spot where the nectar is secreted.

But the most remarkable case of skill and judgment
known to me, is that of the perforation of the flowers of
Lathyrus sylvestris, as described by my son Frane:
The nectar in this plant is enclosed within a tube,
formed by the united stamens, which surround the
pistil so closely that a hee is forced to insert its
proboscis outside the tube; but two natural rounded
passages or orifices are left in the tube near the base,
in order that the nectar may be reached by the bees.
Now my son found in sixteen out of twenty-four flowers
on this plant, and in eleven out of sixteen of those on
the cultivated everlasting pea, which is either a variety
of the same species or a closely allied one, that the
left passage was larger than the right one. And here
comes theremarkable point,—the humble-bees biteholes
through the standard-petal, and they always operated
on the left side over the passage, which is generally
the larger of the two. My son remarks : «Tt is difficult
to say how the bees could have acquired this habit.
Whether they discovered the inequality in the size of
the nectar-holes in sucking the flowers in the proper
way, and then utilised this knowledge in determining
where to gnaw the hole; or whether they found out
the best situation by biting through the standard at
various points, and afterwards remembered its situation
in visiting other flowers. But in either case they show a
remarkable power of making use of what they have
learnt by experience.” Tt seems probable that bees
owe their skill in biting holes through flowers of all

is.

* ¢Nuture, Jan. 8, 1874, p. 189,
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kinds to their having long practised the instinet of
moulding cells and pots of wax, or of enlarging their
old cocoons with tubes of wax; for they are thus
compelled to work on the inside and outside of the
same object.

Tn the early part of the summer of 1857 I was
led to observe during some weeks several rows of the
scarlet  kidney-bean (Phaseolus multiflorus), whilst
attending to the fertilisation of this plant, and daily
saw humble- and hive-bees sucking at the mouths
of the flowers. But one day T found several humble-
bees employed in cutting holes in flower after flower ;
and on the next day every single hive-bee, without
exception, instead of alighting on the left wing-petal
and sucking the flower in the proper mannmer, flew
straight without the least hesitation to the calyx, and
sucked through the holes which had been made only
the day before by the humble-bees; and they con-
tinued this habit for many following days.* Mxr. Belt
has communicated to me (July 2 \th 1874) a similar
case, with the sole difference that less than half of the
flowers had been perforated by the humble-bees;
nevertheless, all the hive-bees gave up sucking at the
mouths of the flowers and visited exclusively th bittal
ones. Now how did the hive-bees find out so quickly
that holes had been made ?  Instinct seems to be out
of the question, as the plant is an exotic. The holes
cannot be seen by bees whilst standing on the wing-
petals, where they had always previously alighted.
From the ease with which bees were deceived when the
petals of Lobelia erinus were cut off, it was clear that

" in this case they were not guided to the nectar by its
smell; and it may be doubted whether they were

* ¢Gard. Chron.’ 1857, p. 725.
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attracted to the holes in the flowers of the Phaseolus
by the odour emitted from them. Did they perceive
the holes by the sense of touch in their proboscides,
whilst sucking the flowers in the proper manner, and
then reason that it would save them time to alight on
the outside of the flowers and use the holes? This
seems almost too abstruse an act of reason for bees;
and it is more probable that they saw the humble-bees
at work, and understanding what they were about,
imitated them and took advantage of the shorter path
to the nectar. Even with animals h i
such as monkeys, we should be surprised at hearing
that all the individuals of one species within the
space of twenty-four hours understood an act per-
formed by a distinet species, and profited by it.

I have repeatedly observed with various kinds
of flowers that all the hive and humble-bees which
were sucking through the perforations, flew to them,
whether on the upper or under side of the corolla,
without the least hesitation; and this shows how
quickly all the individuals within the district had
acquired the same knowledge. Yet habit comes into
play to a certain extent,as in so maiy of the other
operations of bees. Dr. Ogle, Messrs. Farrer and
Belt haye observed in the case of Phaseolus multiflorus*
that certain individuals went exclusively to the pe:
forations, while others of the same species visited
only the mouths of the flowers. I noticed in 1861
exactly the same fact with Trifolium pratense. So per-
sistent is the force of habit, that when a bee which is
visiting perforated flowers comes to one which has not
been bitten, it does not go to the mouth, but instantly

* Dr. Ogle, ‘Pep. Science Re- 4th series, vol. ii. 1868, p.
view, April 1870, p. 167. Mr. zas Mr Belt in a letter to me.
ok, “Aunals sl Mog. of Nat:
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flies away in search of another bitten flower. Never-
theless, I once saw a humble-bee visiting the hybrid
Rhododendron azaloides, and it entered the mouths
of some flowers and cut holes into the others. Dr.
L. Miller informs me that in the same district he has
seen some individuals of Bombus mastrucatus boring
through the calyx and corolla of Rhinanthus alectero-
Tophus, and others through the corolla alone. Different
species of bees may, however, sometimes be observed
acting differently at the same time on the same plant.
T have seen hive-bees sucking at the mouths of the
flowers of the common bean ; humble-bees of one kind
sucking through holes bitten in the calyx, and humble-
Dees of another kind sucking the little drops of fluid
excreted by the stipules. Mr. Beal of Michigan
informs me that the flowers of the Missouri currant
(Ribes awrewm) abound with nectar, so that children
often suck them; and he saw hive-bees sucking
through holes made by a bird, the oriole, and at the
same time humble-bees sucking in the proper manner
at the mouths of the flowers.* This statement abouf
the oriole calls to mind what I have before said of
certain species of humming-birds boring holes through
the flowers of the Brugmansia, whilst other species
entered by the mouth.

The motive which impelsbees to gnaw holes through
-the corolla seems to be the saving of time, for they
lose much time in climbing into and out of large
flowers, and in forcing their heads into closed ones.
They were able to visit nearly twice as many flowers,
as far as I conld judge, of a Stachys and Pentstemon:

* The flowers of the Ribesare  through and rob seven flowers
however sometimes perforated by of their homey in a  minute:
Tumble-bees, and Mr. Bundy says ~  American Nafuralist,” 1876, P-
that they were able to bite 238,
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by alighting on the upper surface of the corolla
and sucking through the cut holes, than by entering ir
the proper way. Nevertheless each bee before it
has had much practice, must lose some time in
making each new perforation, especially when the per-
foration has to be made through both calyx and
corolla. This action therefore 1mphns fore: i Of
which faculty we have abundant evidence in their
building operations; and may we not further believe
that some trace of their social instinct, that is, of
working for the good of other members of the com-
munity, may here likewise play a part?

Many years ago I was struck with the fact that
humble-bees as a general rule perforate flowers only
when these grow in large numbers near together. In
a garden where there were some very large beds of
Stachys coceinea and of Pentstemon argutus, every single
flower was perforated, but I found two plants of the
former species growing quite separate with their petals
much seratched, showing that they had been frequently
visited by bees, and yet not a single flower was
perforated. I found also a separate plant of the
Pentstemon, and saw bees entering the mouth of the
corolla, and not a single flower had been perforated. In
the following year (1842) I visited the same garden
several times : on the 19th of July humble-bees were
sucking the flowers of Stachys coccinea and Salvia
grahami in the proper manner, and none of the corollas
were perforated. On the 7th of August all the flowers
were perforated, even those on some few plants of the
Salvia which grew at a little distance from the great
bed. On the 21st of August only a few flowers on the
summits of the spikes of both species remained fresh,
and not one of these was now bored. Again, in my own
garden every plant in several rows of the common bean
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had many flowers perforated ; but T found three plants
in separate parts of the garden which had sprung up
accidentally, and these had not a single flower per-
forated. General Strachey formerly saw many per-
forated flowers in a garden in the Himalaya, and he
wrote to the owner to inquire whether this relation
between the plants growing erowded and their per-
foration by the bees there held good, and was answered
in the affirmative. Hence it follows that the red
clover (Trifolium pratense) and the common bean when
cultivated in great masses in fields,—that Erica tetraliz
growing in large numbers on heaths,—rows of the
scarlet kidney-bean in the kitchen-garden,—and masses
of any species in the flower-garden,—are all eminently
liable to be perforated.

The explanation of this fact is not difficult. Flowers
growing in large numbers afford a rich booty to the
bees, and are conspicuous from a distance. They are
consequently visited by crowds of these insects, and T
once counted between twenty and thirty bees flying
about a bed of Pentstemon. They are thus stimulated
to work quickly by rivalry, and, what is much more
important, they find a large proportion of the flowers,
as suggested by my son,* with their nectaries sucked
dry. They thus waste much time in searching many
empty flowers, and are led to bite the holes, so as
to find out as quickly as possible whether there is any
nectar present, and if so, to obtain it.

Flowers which are partially or wholly sterile unless
visited by insects «in the proper manner, such as
those of most species of Salvia, of Trifolium pratense,
Phaseolus muliiflorus, &e., will fail more or less com-
pletely to produce seeds if the bees confine their visits

* ¢ Nature, Jan. 8, 1874, p. 189.
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to the perforations. The perforated flowers of those
species, which are capable of fertilising themselves, will
yield only self-fertilised seeds, and the scedlings will
in consequence be less vigorous. Therefore all plants
must suffer in some degree when bees obtain their nectar
in a felonious manner by biting holes through the
corolla; and many species, it might be thought, would
thus be exterminated. But here, as is so general
throughout nature, there is a tendency towards a restored
equilibrium.  If a plant suffers from being perforated,
fewer individuals will be reared, and if its nectar is
highly important to the bees, these in their turn will
suffer and decrease in number ; but, what is much more
effective, as soon as the plant becomes somewhat
rare so as not to grow in crowded masses, the bees
will no longer be stimulated to gnaw holes in the
flowers, but will enter them in a legitimate manner.
More seed will then be produced, and the seedlings
being the product of cross-fertilisation will be vigorous,
50 that the species will tend to increase in number, to
be again checked, as soon as the plant again grows in
crowded masses.
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CHAPTER XIL
GENERAL RESULTS.

tion proved to e beneficial, and self-fertilisation in-
ied ‘species differ greatly in the means by which eross-
favoured and self-fertilisation avoided—The benefits
and evils of the two processes depend on the degree of differentiation:
in the sexual elements—The evil effects not due to the combination of:
morbid tendencies in the parents—Nature of the conditions to which:
plants are subjected when growing near together in a state of nature
or under culture, and the effects of such conditions—Theoretical
considerations with respect to the interaction of differentiated sexual
clements—Practical lessons— Genesis of the two sexes—Close corre-
spondence between the effects of cr tilisation and self-fertilisa-
tion, and of the legitimate and illegitimate unions of heterostyled:
plants, in comparison with hybrid unions.

Tue first and most important of the conclusions which
may be drawn from the observations given in this
volume, is that cross-fertilisation is generally beneficial,
and self-fertilisation injurious. This is shown by the
difference in height, weight, constitutional vigour, and
fertility of the offspring from crossed and self-fertilised
flowers, and in the number of seeds produced by the
parent-plants. With respect to the second of these two
propositions, namely, that self-fertilisation is generally
injurious, we have abundant evidence. The structure
of the flowers in such plants as Lobelia ramosa, Digitalis
purpurea, &e., renders the aid of insects almost indis-
peusable for their fertilisation; and bearing in mind
the prepotency of pollen from a distinet individual
over that from the same individual, such plants will
almost certainly have been crossed during many or
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all previous generations. So it must be, owing merely
to the prepotency of foreign pollen, with cabbages
and various other plants, the varieties of which almost
invariably intercross when grown together. The same
inference may be drawn still more surely with respect
to those plants, such as Reseda and Hschscholtzia,
which are sterile with. their own pollen, but ile
with that from any other individual. These several
plants must therefore have been crossed during a long
series of previous generations, and the artificial crosses
in my experiments cannot have increased the vigour of
the offspring beyond that of their progenitors. There-
fore the difference hetween the self-fertilised and crossed
plants raised by me cannot be attributed to the supe-
riority of the crossed, but to the inferiority of the
self-fertilised seedlings, due to the injurious effects of
self-fertilisation.

With respect to the first proposition, namely, that
cross-fertilisation is generally heneficial, we likewise
have excellent evidence., Plants of Ipomeea were inter-
crossed for nine successive generations; they were then
again intercrossed, and at the same time crossed with a
plant of a fresh stock, that is, one brought from another
garden; and the offspring of this latter cross were to
the intercrossed plants in height as 100 to 78, and in
fertility as 100 to 51. An analogous experiment with
Eschscholtzia gave a similar result, as far as fertility
was concerned. In neither of these cases were any of
the plants the product of self-fertilisation. Plants of
Dianthus were self-fertilised for three generations, and
this no doubt was injurious; but when these plants
were fertilised by a fresh stock and by intercrossed
plants of the same stock, there was a great difference
in fertility between the two sets of seedlings, and some
difference in their height. Petunia offers a nearly
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parallel case. With various other plants, the wonderful
effects of a cross with a fresh stock may be seen in
Table €. Several accounts have also been published ®
of the extraordinary growth of seedlings from a cross
between two varieties of the same species, some of which
are known never to fertilise themselves; so that here
neither self-fertilisation nor relationship even in a
remote degree can have come into play. We may
therefore conclude that the above two propositions are
true,—that cross-fertilisation is generally beneficial
and self-fertilisation injurious to the offspring.

That certain plants, for instance, Viola tricolor,
Digitalis purpurea, Sarothamnus scoparius, Cyclamen
persicum, &e., which have been naturally cross-fertilised
for many or all previous generations, should suffer to
an extreme degree from a single act of self-fertilisation
is a most surprising fact. Nothing of the kind has
been observed in our domestic animals; but then we
must remember that the closest possible interbreeding
with such animals, that is, between brothers and sisters,
cannot be considered as nearly so close a union as that
between the pollen and ovules of the same flower.
Whether the evil from self-fertilisation goes on in-
creasing during successive generations is not as yet
Jnown ; but we may infer from my experiments that
the increase if any is far from rapid. After plants have
been propagated by self-fertilisation for several genera-
tions, a single cross with a fresh stock restores their
pristine vigour; and we have a strictly analogous
result with our domestic animals.t The good effects
of cross-fertilisation are transmitted by plants to the
next generation ; and judging from the varieties of

* Seo ‘Variation under Do- 4 Ibid. ch. six. 2nd edit. vol.
mestication,’ b, xix. 2nd edit. yol.  ii. p. 139,
i, p. 159.
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the common pea, to many succeeding generations. But
this may merely be that crossed plants of the first
generation are extremely vigorous, and transmit their
vigour, like any other character, to their successors.
Notwithstanding the evil which many plants suffer
from self-fertilisation, they can be thus propagated
under favourable conditions for many generations, as
shown by some of my experiments, and more especially
by the survival during at least half a century of the
same varieties of the common pea and sweet-pea. The
same conclusion probably holds good with several other
exotic plants, which are never or most rarely cross-
fertilised in this country. But all these plants, as far
as they have been tried, profit greatly by a cross with
a fresh stock. Some few plants, for instance, Oplirys
apifera, have almost certainly been propagated in a
state of nature for thousands of generations without
having been once intercrossed; and whether they would
profit by a cross with a fresh stock is not known. But
such cases ought not to make us doubt that as a general
rule crossing is beneficial, any more than the existence
of plants which, in a state of nature, are propagated
exclusively by rhizomes, stolons, &e.* (their flowers
never producing seeds), should make us doubt that
seminal generation must have some great advantage,
as itis the common plan followed by nature. Whether
any species has been reproduced asexually from a very
remote period cannot, of course, be ascertained. Our
sole means for forming any judgment on this head is
the duration of the varieties of our fruit trees which
have been long propagated by grafts or buds. Andrew
Knight formerly maintained that under these circum-
stances they always become weakly, but this conclusion

* I have given several cases in  tion,’ ch. xviii. 2ud edit. vol. ii.
my ‘Variation under Domestica-  p. 152.
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has been warmly disputed by others. A recent and
competent judge, Prof. Asa Gray,* leans to the side
of Andrew Knight, which seems to me, from such
evidence as I have been able to collect, the more
probable view, notwithstanding many opposed facts.
The means for favouring cross-fertilisation and pre-
venting self-fertilisation, or conversely for fayouring
self-fertilisation and preventing to a certain extent
cross-fertilisation, are wonderfully diversified; and it
is remarkable that these differ widely in closely allied
plants;f—in the species of the same genus, and some-
times in the individuals of the same species. It is
not rare to find hermaphrodite plants and others
with separated sexes within the same genus ; and if is
common to find some of the species dichogamous and
others maturing their sexual elements simultaneously.
The dichogamous genus Saxifraga contains proter-
androus and proterogynous species.f Several genera
include both heterostyled (dimorphic or trimorphie
forms) and homostyled species. Ophrys offers a
remarkable instance of one species having its structure
manifestly adapted for self-fertilisation, and other
species as manifestly adapted for cross-fertilisation.
Some con-generic species are quite sterile and others
quite fertile with their own pollen. From these several
causes we often find within the same genus species
which do not produce seeds, while others produce an
abundance, when insects are excluded. Some species
bear cleistogene flowers which cannot be crossed, as
well as perfect flowers, whilst others in the same genus

a: Essays and  tilisation of the Graminem: ‘Mo
Reviews pertaining to Darwinism,’  natsbericht K. Akad, Berlin,’ Oct.
1876, p. 338. 1872, p. 763.

t Hildebrand has insisted 1 Dr. Engler, ‘Bot. Zeitung,’
strongly to this effect in his 1868, p. 833. X
valuable observations on the fer-
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“never produce cleistogene flowers. Some species exist
under two forms, the one bearing conspicuous flowe
adapted for cross-fertilisation, the other bearing in-
conspicuous flowers adapted for self-fertilistion, whilst
other species in the same genus present only a single
form. Hven with the individuals of the same species,
the degree of self-sterility varies greatly, as in Reseda.
With polygamous plants, the distribution of the sexes
differs in the individuals of the same species. The rela-
tive period at which the sexual elements in the same
flower are mature, differs in the varieties of Pelar-
gonium ; and Carridre gives several cases,* showing
that the period varies according to the temperature to
which the plants are exposed.

This extraordinary diversity in the means for
fayouring or preventing cross- and self-fertilisation in
closely allied forms, probably depends on the results
of both processes being highly beneficial to the species,
but directly opposed in many ways to one another and
dependent on variable conditions. Self-fertilisation
assures the production of a large supply of seeds; and
the necessity or advantage of this will be determined
by the average length of life of the plant, which largely
depends on the amount of destruction suffered by the
seeds and seedlings. This destruction follows from
the most various and variable causes, such as the
presence of animals of several kinds, and the growth
of surrounding plants. The possibility of cross-fertili-
sation depends mainly on the presence and number
of certain insects, often of insects belonging to special
groups, and on the degree to which they are attracted
to the flowers of any particular species in preference to
other flowers,—all circumstances likely to change.

* ¢Des Variétés,’ 1865, p. 30.
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Moreover, the advantages which follow from eross-
fertilisation differ much in different plants, so that it
is probable that allied plants would often profit in
different degrees by cross-fertilisation. Under these
extremely complex and fluctuating conditions, with
two somewhat opposed ends to be gained, namely, the
safe propagation of the species and the production of
cross-fertilised, vigorous offspring, it is not surprising
that allied forms should exhibit an extreme diversity
in the means which favour either end. If, as there is
reason to suspect, self-fertilisation is in some respects
beneficial, although more than counterbalanced by the
advantages derived from a cross with a fresh stock, the
problem becomes still more complicated.

As T only twice experimented on more than a single
species in a genus, I cannot say whether the crossed
offspring of the several species within the same genus
differ in their degree of superiority over their self-
fertilised brethren; but I should expect that this
would often prove to be the case from what was
observed with the two species of Lobelia and with the
individuals of the same species of Nicotiana. The
species belonging to distinct genera in the same family:
certainly differ in this respect. The effects of cross-
and self-fertilisation may be confined either to the
growth or to the fertility of the offspring, but generally
extends to both qualities. There does not seem to
exist any close correspondence between the degree to
which the flowers of species are adapted for eross-
fertilisation, and the degree to which their offspring
profit by this process; but we may easily err on this
head, as there ave two means for ensuring cross-ferti-
lisation which are not externally perceptible, namely,
self-sterility and the prepotent fertilising influence of
pollen from another individual. Lastly, it has been
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shown in a former chapter that the effect produced by
cross and self-fertilisation on the fertility of the parent-
plants does not always correspond with that produced -
on the height, vigour, and fertility of their offspri
The same remark applies to crossed and sel
seedlings when these are used as the parent-plants. This
want of correspondence probably depends, at least in
part, on the number of seeds produced being chiefly
determined by the number of the pollen-tubes which
reach the ovules, and this will be governed by the re-
action between the pollen and the stigmatic secretion
or tissues; whereas the growth and constitutional vigour
of the offspring will be chiefly determined, not only by
the number of pollen-tubes reaching the ovules, but by
the nature of the reaction between the contents of the
pollen-grains and ovules.

There are two other important conclusions which
may be deduced from my observations: firstly, that the
advantages of crossfertilisation do not follow from
some mysterious virtue in the mere union of two
distinet individuals, but from such individuals having
been subjected during previous generations to dif-
ferent conditions, or to their having varied in a manner
commonly called spontaneous, so that in either cs
‘their sexual elements have been in some degree differ-
entiated. And secondly, that the injury from self-
fertilisation follows from the want of such differentia-
tion in the sexual elements. These two propositions
are fully established by my experiments. Thus, when
plants of the Ipomeea and of the Mimulus, which had
been self-fertilised for the seven previous generations
and had been kept all the time under the same condi-
tions, were intercrossed one with another, the offspring
did not profit in the least by the cross. Mimulus

e

© The Complete Work of Charles Darwin Online



444 GENERAL RESULTS, Cuar. XIL

offers another instructive case, showing that the
benefit of a cross depends on the previous treatment
of the progenitors: plants which had been self-fer-
tilised for the eight previous generations were crossed
with plants which had been intercrossed for the same
number of generations, all having been kept under
the same conditions as far as possible ; seedlings from
this cross were grown in competition with others
derived from the same self-fertilised mother-plant
crossed by a fresh stock ; and the latter seedlings were
to the former in height as 100 to 52, and in fertility
as 100 to 4. An exactly parallel experiment was
tried on Dianthus, with this difference, that the plants
had been self-fertilised only for the three previous gene-
rations, and the result was similar though not so strongly
marked. The foregoing two cases of the offspring of
Ipomeea and Eschscholtzia, derived from a cross with a
fresh stock, being as much superior to the intercrossed
plants of the old stock, as these latter were to the self-
fertilised offspring, strongly supports the same conclu-
sion. A cross with a fresh stock or another variety
seems to be always highly beneficial, whether or
not the mother-plants have been intercrossed or self-
fertilised for several previous generations. The fact
that a cross between two flowers on the same plant
does no good or very little good, is likewise a strong’
corroboration of our conclusion; for the sexual
elements in the flowers on the same plant can rarely
have been differentiated, though this is possible, as
flower-buds are in one sense distinet individuals,
sometimes varying and differing from one another in
structure or constitution. Thus the proposition that
the benefit from cross-fertilisation depends on the
plants which are crossed having heen subjected during
previous generations to somewhat different diti
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or to their having varied from some unknown cause as
if they had been thus subjected, is securely fortified on
all sides.

Before proceeding any further, the view which has
been maintained by several physiologists must be
noticed, namely, that all the evils from breeding
animals too closely, and no doubt, as they would say,
from the self-fertilisation of plants, is the result of the
increase of some morbid tendency or wes s of consti-
tution common to the closely related parents, or to
the two sexes of hermaphrodite plants. Undoubtedly
injury has often thus resulted; but it is a vain
attempt to extend this view to the numerous cases
given in my Tables. It should be remembered that the
same mother-plant was both self-fertilised and crossed,
so that if she had been unhealthy she would have
transmitted half her morbid tendencies to her crossed
offspring. ~ But plants appearing perfectly healthy,
some of them growing wild, or the immediate offspring
of wild plants, or vigorous common garden-plants, were
selected for experiment. Considering the number of
species which were tried, it is nothing less than absurd
to suppose that in all these cases the mother-plants,
though not appearing in any way diseased, were weak
or unhealthy in so peculiar a manner that their self-
fertilised seedlings, many hundreds in number, were
rendered inferior in height, weight, constitutional
vigour, and fertility to their crossed offspring. More-
over, this belief cannot be extended to the strongly
marked advantages which invariably follow, as far as
my experience serves, from intercrossing the indivi-
duals of the same variety or of distinct varieties, if
these have been subjected during some generations to
different conditions.
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It is obvious that the exposure of two sets of plants
during several generations to different conditions can
lead to no beneficial results, as far as crossing is con-
cerned, unless their sexual elements are thus affected.
That every organism is acted on to a certain extent by
a change in its environment, will not, I presume, be
disputed. It is hardly necessary to advance evidence
on this head ; we can perceive the difference between.
individual plants of the same species which have
grown in somewhat more shady or sunny, dry or damp
places. Plants which have been propagated for some
generations under different climates or at different
seasons of the year transmit different constitutions to
their seedlings. Under such circumstances, the che-
mical constitution of their fluids and the nature of
their tissues are often modified.* Many other such
facts could be adduced. In short, every alteration in
the function of a part is probably connected with some
corresponding, though often quite imperceptible change
in structure or composition.

Whatever affects an organism in any way, likewise
tends to act on its sexual elements. We see this in the
inheritance of newly acquired modifications, such as
those from the increased use or disuse of a part, and
even from mutilations if followed by disease.t We
have abundant evidence how susceptible the repro-
ductive system is to changed conditions, in the many
instances of animals rendered sterile by confinement ;
so that they will not unite, or if they unite do not

» Numerons casesogother with  th diffrent orguns of animal
references are given in my ‘ Vari- are excited into different degrees
ation under mmesucmun, . | ofactisity by diffrences of tempe-

xxiii. 20d edit. vol ii. p. 26+ rature and food, and become to &
S e ) Cemeit e certain = adapted to them.
Biackenridge Bes well shown 4 <Variation nader Domestios:

(A Goniribation o the Theory of tion, ch, xii. 2nd. edif, vels
Dinthesis,’ Edinburgh, 1869) fhat  p. 466.
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produce offspring, though the confinement may be far
from close; and of plants rendered sterile by culti-
vation. But hardly any cases afford more striking
evidence how powerfully a change in the conditions of
life acts on the sexual elements, than those already
given, of plants which are completely self-sterile in
one country, and when brought to another, yield, even
in the first generation, a fair supply of self-fertilised
seeds.

But it may be said, granting that changed conditions
act on the sexual elements, how can two or more
plants growing close together, either in their native
country orin a garden, be differently acted on, inasmuch
as they appear to be exposed to exactly the same
conditions ?  Although this question has been already
considered, it deserves further consideration under
several points of view. In my experiments with
Digitalis purpurea, some flowers on a wild plant were
self-fertilised, and others were crossed with pollen
from another plant growing within two or three feet’s
distance. The crossed and self-fertilised plants raised
from the seeds thus obtained, produced flower-stems
in number as 100 to 47, and in average height as 100
to 70. Therefore the cross between these two plants
was highly beneficial ; but how could their sexual
elements have been differentiated by exposure to
different conditions ? If the progenitors of the two
plants had lived on the same spot during the last
score of generations, and had never been crossed with
any plant beyond the distance of a few feet, in all
probability their offspring would have been reduced to
the same state as some of the plants in my experiments,
—such as the intercrossed plants of the ninth genera-
tion of Ipomcea,—or the self-fertilised plants of the
eighth generatian2 of Mimulus,—or the offspring from

0
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flowers on the same plant,—and in this case a cross
between the two plants of Digitalis would have done
no good. But seeds are often widely dispersed by
natural means, and one of the above two plants or
one of their ancestors may have come from a distance,
from a more shady or sunny, dry or moist place, or from
a different kind of soil containing other organic or
inorganic matter. We know from the admirable
researches of Messts. Lawes and Gilbert* that different
plants require and consume very different amounts of
inorganic matter. But the amount in the soil would
probably not make so great a difference to the several
individuals of any particular species as might at first
be expected; for the swrrounding species with
different requirements would tend, from existing in
greater or lesser numbers, to keep each species in a
sort of equilibrium, with respect to what it could obtain
from the soil. So it would be even with respect fo
moisture during dry seasons ; and how powerful is the
influence of a little more or less moisture in the soil
on the presence and distribution of plants, is often
well shown in old pasture fields which still refain
traces of former ridges and furrows. Nevertheless, as
the proportional numbers of the surrounding plants in
two neighbouring places is rarely exactly the same, the
individuals of the same species will be subjected to
somewhat different conditions with respect to what they
can absorb from the soil. It is surprising how thefree
growth of one set of plants affects others growing
mingled with them; I allowed the plants on rather
more than a square yard of turf which had been closely
mown for several years, to grow up; and nine species

* <Journal of the Royal Agricultural Soc. of England,’ vol. SXiv.
part i.
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out of twenty were thus exterminated; but whether
this was altogether due to the kinds which grew up
robbing the others of nutriment, I do not know.

Seeds often lie dormant for several years in the
ground, and germinate when brought near the surface
by any means, as by burrowing animals. They would
probably be affected by the mere circumstance of having
long lain dormant; for gardemers believe that the
production of double flowers and of fruit is thus in-
fluenced. Seeds, moreover, which were matured during
different seasons, will have been subjected during the
whole course of their development to different degrees
of heat and moisture.

It was shown in the last chapter that pollen is often
carried by insects to a considerable distance from
plant to plant. Therefore one of the parents or
ancestors of our two plants of Digitalis may have been
crossed by a distant plant growing under somewhat
different conditions. Plants thus crossed often pro-
duce an unusually large number of seeds; a striking
instance of this fact is afforded by the Bignonia, pre-
viously mentioned, which was fertilised by Fritz Miller
with pollen from some adjoining plants and set hardly
any seed, but when fertilised with pollen from a dis-
tant plant, was highly fertile. Seedlings from a cross
of this kind grow with great vigour, and transmit their
vigour to their descendants. These, therefore, in the
struggle for life, will generally beat and exterminate
the seedlings from plants which have long grown near
together under the same conditions, and will thus tend
to spread.

‘When two varieties which present well-marked
differences are crossed, their descendants in the later
generations differ greatly from one another in ex-
ternal characters; and this is due to the augmentation
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or obliteration of some of these characters, and to
the reappearance of former ones through reversion ;
and so it will be, as we may feel almost sure, with any
slight differences in the constitution of their sexual
elements. Anyhow, my experiments indicate that
crossing plants which have been long subjected to
almost though mot quite the same conditions, is the
most powerful of all the means for retaining some
degree of differentiation in the sexual elements, as
shown by the superiority in the later generations of the
intererossed over the self-fertilised seedlings. Never-
theless, the continued intercrossing of plants thus
treated does tend to obliterate such differentiation, as
may be inferred from the lessened benefit derived from
intercrossing such plants, in comparison with that from
a cross with a fresh stock. It seems probable, as I may
add, that seeds have acquired their endless curious
adaptations for wide dissemination,* not only that the
seedlings should thus be enabled to find new and fitting
homes, but that the individuals which have been long
subjected to the same conditions should occasionally
intercross with a fresh stock.

Trom the foregoing several considerations we may,
T think, conclude that in the above case of the Digitalis,
and even in that of plants which have grown for
thousands of generations in the same district, as must
often have occurred with species having a much
restricted rTange, we are apt to over-estimate the
degree to which the individuals have been subjected
to absolutely the same conditions. There is at least
no difficulty in believing that such plants have been
subjected to sufficiently distinet conditions to differ-
entiate their sexual elements; for we know that a plant

+ Sce Prof. Hildebrand’s excellent treatise, ¢ Verbreitungsmittel der
Piavzen,’ 1873
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pagated for some generations in another garden in
the same district serves as a fresh stock and has high
fertilising powers. The curious cases of plants which
can f(‘ltlllae and be fertilised by any other individual
of the same species, but are altogether sterile with their
own pollen, become m(elhnhle, if the view here pro-
pounded is correct, namely, that the individuals of the
same species growing in a state of nature near together,
have not renll\' bu.n subjected during several previous
generations to quite the same Cuunhtluua

Some naturalists assume that there is an innate
tendency in all beings to vary and to advance in
organisation, independently of external agencies ; and
they would, I presume, thus explain the slight
differences which distinguish all the individuals of the
same species both in extema[ characters and in con-
stitution, as well as the greater differences in both
respects between nearly allied varieties. No two
individuals can be found quite alike ; thus if we sow a
number of seeds from the same mps\lle under as nearly
as possible the same conditions, they germinate at
different rates and grow more or less \-lﬂornu*l v. They
resist cold and otherunfavourable COD\]I(!UD) diff eml\
They would in all probability, as we know to be the
case with animals of the same species, be somewhat
differently acted on by the same pnison or by the same
disease. They have different powers*® of transmitting
their characters to their offspring ; and many amanOlls
facts could be given. Now, if it were true that
plants growing near together in a state of nature had
been subjected during many previous generations to
absolutely the same conditions,such differences as those
just specificd would be quite inexplicable; but they

* Vilmorin, as quoted by Verlot, ¢ Des Variétés,’ pp. 32, 35, 39.
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are to a certain extent intelligible in accordance with
the views just advanced.

As most of the plants on which I experimented
were grown in my g: garden or in pots under glass, a few
wor ds must be added on the conditions to which they
were exposed, as well as on the effects of cultivation.
When a species is first brought under culture, it may
or may not be subJe(‘tLd to a change of climate, but it
is al\\.ws grown in ground broken up, and more or less
manured ; it is also saved from competition with other
plants. The paramount importance of this latter
circumstance is proved by the multitude of species
which flourish and multiply in a garden, but cannot
exist unless they are protected from other plants.
When thus saved from competition they are able to
get whatever they require from the soil, probably
often in excess; and they are thus subjected to a great
change of conditions. It is probably in chief part
owing to this cause that all plants with rare excep-
tions vary after being cultivated for some generations.
The individuals which have already begun to vary
will intercross one with another by the aid of insects;
and this accounts for the extreme diversity of character
which many of our long cultivated plants exhibit.
But it should be observed that the result will be
largely determined by the degree of their variability
and by the frequency of the intercrosses ; forif a plant
varies very little, like most species in a state of nature,
frequent intercrosses tend to give uniformity of
character to it.

T have attempted to show that with plants growing
naturally in the same district, except in the unusual
case of each individual being surrounded by exactly
the same proportional numbers of other species having
certain powers of absorption, each will be subjected to
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slightly different conditions. This does not apply to
the individuals of the same species when cultivated in
cleared ground in the same garden. But if their
flowers are visited by insects, they will intercrc and
this will give to their sexual elements during a
considerable number of generations a sufficient amount

. of differentiation for a cross to be beneficial. More-

over, seeds are frequently exchanged or procured from
other gardens having a different kind of soil ; and the
individuals of the same cultivated species will thus be
subjected to a change of conditions. If the flowersare
not visited by our native insects, or very rarely so,
as in the case of the common and sweet pea, and
apparently in that of the tobacco when kept in a
hothouse, any differentiation in the sexual elements
caused by intercrosses will tend to disappear. This
appears to have occurred with the plants just
mentioned, for they were not benefited by being
crossed one with another, though they were greatly
benefited by a cross with a fresh stock.

T have been led to the views just advanced with
respect to the causes of the differentiation of the sexual
elements and of the variability of our garden plants,
by the results of my various experiments, and more
especially by the four cases in which extremely incon-
stant species, after having been self-fertilised and
grown under closely similar conditions for several
generations, produced flowers of a uniform and constant
tint. These conditions were nearly the same as those
to which plants, growing in a garden clear of weeds,
are subjected, if they are propagated by self-fertilised
seeds on the same spot. The plants in pots were,
however, exposed to Tess severe fluctuations of climate
than those out of doors; but their conditions, though
closely uniform for all the individuals of the same
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generation, differed somewhat in the successive gene-
rations. Now, under these circumstances, the sexual
elements of the plants which were intercrossed in each
generation retained sufficient differentiation during
several years for their offspring to be superior to
the self-fertilised, but this superiority gradually and
manifestly decreased, as was shown by the difference
in the result between a cross with one of the inter-
crossed plants and with a fresh stock. These inter-
crossed plants tended also in a few cases to become
somewhat more uniform in some of their external cha-
racters than they were at first. With respect to the
plants which were self-fertilised in each generation,
their sexual elements apparently lost, after some years,
all differentiation, for a cross between them did no
more good than a cross between the flowers on the
same plant. But it is a still more remarkable fact, that
although the seedlings of Mimulus, Iporcea, Dianthus,
and Petunia which were raised, varied excessively in
the colour of their flowers, their offspring, after being
self-fertilised and grown under uniform conditions for
some generations, hore flowers almost as uniform in
tint as those on a natural species. In one case also
the plants themselves became remarkably uniform in
height.

The conclusion that the advantages of a eross
depend altogether on the differentiation of the sexual
elements, harmonises perfectly with the fact that an
occasional and slight change in the conditions of life
is beneficial to all plants and animals* But the
offspring from a cross between organisms which have
been exposed to different conditions, profit in an in-
comparably higher degree than do young or old beings

* T have given sufficient evi- ation under Domestication,’ ch.
dence on this head in my ¢ Vari- xviii. vol. ii. 2nd edit. p. 127.
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from a mere change in their conditions. In this
latter case we mnever see anything like the effect
which generally follows from a cross with another
individual, especially from a cross with a fresh stock.
This might, perhaps, have been expected, for the
blending together of the sexual elements of two dif-
ferentiated beings will affect the whole constitution at
a very early period of life, whilst the organisation is
highly flexible. We have, moreover, reason to helieve
that changed conditions generally act differently on
the several parts or organs of the same indivi
and if we may further believe that these now y
differentiated parts react on one another, the harmony
hetween the beneficial effects on the individual due to
changed conditions, and those due to the interaction of
differentiated sexual elements, becomes still closer.

That wonderfully accurate observer, Sprengel, who
first showed how important a part insects play in the
fertilisation of flowers, called his hook ‘The Secret
of Nature Displayed;’ yet he only occasionally.saw
that the object for which so many curious and beautiful
adaptations have been acquired, was the cross-fertilisa-
tion of distinet plants; and he knew nothing of the
benefits which the offspring thus receive in growth,
vigour, and fertility. But the veil of secrecy is as
yet far from lifted ; nor will it be, until we can say
why it is beneficial that the sexual elements should
be differentiated to a certain extent, and why, if the
differentiation be carried still further, injury follows.
It is an estraordinary fact that with many species,
flowers fertilised with their own pollen are either
absolutely or in some degree sterile ; if fertilised with

y of Diathesis,’ Ediuburgh,

* See, for instance, Brackenridge, * The
1869.
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pollen from another flower on the same plant, they are
sometimes, though rarely, a little more fertile; if
fertilised with pullm from another individual or variety:
of the same species, they are fully fertile; but if
with pollen from a distinct species, they are sterile
in all possible degrees, until utter sterility is reached.
‘We thus have a long series with absolute sterility at
the two ends;—at one end due to the sexual elements
not having been sufficiently differentiated, and at the
other end to their having been differentiated in too
great a degree, or in some peculiar manner.

The fertilisation of one of the higher plants depends,
in the first place, on the mutual action of the pollen-
grains and the stigmatic secretion or tissues, and after-
wards on the mutual action of the contents of the
pollen-grains and ovules. Both actions, judging from
the increased fertility of the parent-plants and from the
increased powers of growth in the offspring, are fayoured
by some degree of differentiation in the elements
which interact and unite so as to form a new being.
Here we have some analogy with chemical affinity or
attraction, which comes into play only between atoms
or molecules of a different nature. As Prof. Miller
Tema “ Generally speaking, the greater the dif-
ference in the properties of twobodies, the more intense
is their tendency to mutual chemical action. . . . But
between bodies of a similar character the tendency to
unite is feeble.”® This latter proposition accords well
with the feeble effects of a plant’s own pollen on the
fertility of the mother-plant and on the growth of the
offspring ; and the former proposition accords well with
the powerful influence in hoth ways of pollen from an

* ¢ Elements of Chemistry,” 4th views with respect to chemical
edit. 1867, part i p. 11 Dr.  affinity are generally accepted by
Frankland informs me thatsimilar  chemists.
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individual which has been differentiated by exposure
to changed conditions, or by so-called spontaneous
variation. But the analogy fails when we turn to the
negative or weak effects of pollen from one species on
a distinet species ; for although some substances which
are extremely dissimilar, for instance, carbon and
chlorine, have a very feeble affinity for each other,
yet it cannot be said that the weakness of the affinity
depends in such cases on the extent to which the
substances differ. It is not known why a certain
amount of differentiation is necessary or favourable
for the chemical affinity or union of two substances,
any more than for the fertilisation or union of two
organisms.

Mr. Herbert Spencer has discussed this whole subjeci.
at great length, and after stating that all the forces
throughout nature tend towards an equilibrium,
remarks, “that the need of this union of sperm-
cell and germ-cell is the need for overthrowing this
equilibrium and re-establishing active molecular
change in the detached germ—a result which is
pwbuxbly effected by mixing the slightly-different
physiological units of slightly-different individuals.”*
But we must not allow this highly generalised view, or
the analogy of chemical affinity, to conceal from us
our ignorance. We do not know what is the nature or
degree of the differentiation in the sexual elements
which is favourable for union, and what is injurious for
union, as in the case of distinet species. We cannot

* «Principles of Biology, vol.i. changes in the conditions and
p 274, 186+ In my ‘Origin of fmmm sing widly disinctforms
Species, published in 1859, I (i cts
spoke of the good e P ol
slight cbanges i the SEE wmmon but anirmows, bond,

from cross-fertilisation, which is essentially relited to
and of the evil effects from great the principle of |
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say why the individuals of certain species profit greatly,
and others very little by being crossed. There are some.
few species which have been self-fertilised for a vast
number of generations, and yet are vigorous enough
to compete successfully with a host of surrounding
plants. Highly self-fertile varieties sometimes arise
among plants which have been self-fertilised and
grown under uniform conditions during several gene-
rations. We can form mo conception why the
advantage from a cross is sometimes directed exclu-
sively to the vegetative system, and sometimes to the
reproductive system, but commonly to both. It is
equally inconceivable why some individuals of the same
species should be sterile, whilst others are fully fertile
with their own pollen; why a change of climate should
cither lessen or increase the sterility of self-sterile
species; and why the individuals of some species should
be even more fertile with pollen from a distinet species
than with their own pollen. And so it is with many
other facts, which are so obscure that we stand
in awe before the mystery of life.

Under a practical point of view, agriculturists and
horticulturists may learn something from the conclu-
sions at which we have arrived. Firstly, we see that
the injury from the close breeding of animals and

from the self-fertilisation of plants, does not necessarily
depend on any tendency to disease or weakness of con-
stitution common to the related parents, and only
indirectly on their relationship, in so far as they are
apt to resemble each other in all respects, including
their sexual nature. And, secondly, that the advantages
of cross-fertilisation depend on the sexual elements of
the parents having become in some degree differentiated
by the exposure of their progenitors to different
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conditions, or from their having intercrossed with
individuals thus exposed, or, lastly, from what we call
in our ignorance spontaneous variation. He therefore
who wishes to pair closely related animals ought to
keep them under conditions as different as possible.
Some few breeders, guided by their keen powers of
observation, have acted on this principle, and have kept
stocks of the same animals at two or more distant and
differently situated farms. They have then coupled
the individuals from these farms with excellent results.*
This same plan is also unconsciously followed whenever
the males, reared in one place, are let out for propaga-
tion to breeders in other places. As some kinds of
plants suffer much more from self-fertilisation than do
others, so it probably is with animals from too close
interbreeding. The effects of close interbreeding on
animals, judging again from plants, would be dete-
rioration in general vigour, including fertility, with no
necessary loss of excellence of fo)m and this seems
to be the usual result.

It is a common practice with horticulturists to
obtain seeds from another place having a ver
ferent soil, so as to avoid raising plants for a long
succession of generations under the same conditions ;
bt with all the species which freely intercross by the
aid of insects or the wind, it would be an incomparably
hetter plan to obtain seeds of the required variety,
which had been raised for some generations under as
different conditions as possible, and sow them in
alternate rows with seeds matured in the old garden.
The two stocks would then intercross, with a thorough
blending of their whole organisations, and with no loss
of purity to the variety ; :md this would yield far more

dif-

¢ Variation of Animals m\rl
PLmts under Domestication,’ ch.

xvii. 2nd edit. vol. ii. pp. 98, 105.
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favourable results than a mere exchange of seeds. We
have seen in my experiments how wonderfully the
offspring profited in height, weight, hardiness, and fer-
tility, by crosses of this kind. For instance, plants of
Tpomeea thus crossed were to the intercrossed plants
of the same stock, with which they grew in competition,
as 100 to 78 in height, and as 100 to 51 in fertility;
and plants of Eschscholtzia similarly compared were
as 100 to 45 in fertility. In comparison with self-
fertilised plants the results are still more striking;
thus cabbages derived from a cross with a fresh stock
were to the self-fertilised as 100 to 22 in weight.
Florists may learn from the four cases which have
been fully described, that they have the power of fixing
each fleeting variety of colour, if they will fertilise the
flowers of the desired kind with their own pollen for
half-a-dozen generations, and grow the seedlings under
the same conditions. But a eross with any other in-
dividual of the same’ variety must be carefully pre-
vented, as each has its own peculiar constitution. After
a dozen generations of self-fertilisation, it is probable
that the mew variety would remain constant even if
grown under somewhat different conditions; and there
would no longer be any necessity to guard against inter-
crosses between the individuals of the same variety.
With respect to mankind, my son George has en-
deavoured to discover by a statistical investigation *
whether the marriages of first cousins are at all in-
. jurious, although this is a degree of relationship
which would not be objected to in our domestic
animals; and he has come to the conclusion from his
own researches and those of Dr. Mitchell that the
evidence as to any evil thus caused is conflicting, but:

* Jounal of Statistical Soc”  nightly Review,” June 1875,
June 1875, p. 153; and ‘Fort-

© The Complete Work of Charles Darwin Online



Caar. XIL GENERAL RESULTS. 461

on the whole points toits being very small. From the
facts given in this volume we may infer that with
mankind the marriages of nearly related persons, some
of whose parents and ancestors had lived under very
different conditions, would be much less injurious than
that of persons who had always lived in the same
place and followed the same habits of life. Nor can I
see reason to doubt that the widely different habits of
life of men and women in civilised nations, especially
amongst the upper classes, would tend to counter-
balance any evil from marriages between healthy and
somewhat closely related persons.

Under a theoretical point of view it is some gain to
science to know that numberless structures in her-
maphrodite plants, and probably in hermaphrodite
animals, are special adaptations for securing an ocea-
sional cross between two individuals; and that the
advantages from such a cross depend altogether on the
beings which are united, or their progenitors, having
had their sexual elements somewhat differentiated, so
that the embyro is benefited in the same manner as is
a mature plant or animal by a slight change in its
conditions of life, although in a much higher degree.

Another and more important result may be deduced
from my observations. Eggs and seeds are highly
serviceable as a means of dissemination, but we now
know that fertile eggs can be produced without the
aid of the male. There are also many other methods
by which organisms can be propagated asexually.
Why then have the two sexes been developed, and
why do males exist which cannot themselves produce
offspring ? The answer lies, as I can hardly doubt, in
the great good which is derived from the fusion of two
somewhat differentiated individuals; and with the

@
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exception of the lowest organisms this is possible only
by means of the sexual elements, these consisting of
cells separated from the body, containing the germs of
every part, and capable of hbeing fused completely:
together.

Tt has been shown in the present volume that the
offspring from the union of two distinet individuals,
especially if their progenitors have been subjected to
very different conditions, have an immense advantage
in height, weight, constitutional vigour and fertility
over the self-fertilised offspring from one of the same
parents. And this fact is amply sufficient to account:
for the development of the sexual elements, that is, for
the genesis of the two sexes.

It is a different question why the two sexes are
sometimes combined in the same individual and are
sometimes separated. As with many of the lowest
plants and animals the conjugation of two individuals
which are either quite similar or in some degree dif-
ferent, is a common phenomenon, it seems probable,
as remarked in the last chapter, that the sexes were
primordially separate. The individual which receives
the contents of the other, may be called the female;
and the other, which is often smaller and more loco-
motive, may be called the male; though these sexual
names ought hardly to be applied as long as the
whole contents of the two forms are blended into one.
The object gained by the two sexes becoming united
in the same hermaphrodite form probably is to allow
of occasional or frequent self-fertilisation, so as to
cnsure the propagation of the species, more especially
in the case of organisms affixed for life to the same
spot. There does not seem to be any great difficulty
in understanding how an organism, formed by the con-
jugation of two individuals which represented the two
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incipient sexes, might have given rise by budding first
to a moncecious and then to an hermaphrodite form ;
and in the case of animals even without budding to
an hermaphrodite form, for the bilateral structure of
animals perhaps indicates that they were aboriginally
formed by the fusion of two individuals.

It is a more difficult problem why some plants and
apparently all the higher animals, after becoming her-
maphrodites, have since had their sexes re-separated.
This separation has been attributed by some natural-
ists to the advantages which follow from a. divis
physiological lahour. The principle is intelligible
when the same organ has to perform at the same time
diverse functions ; but it is not obvious why the male
and female glands when placed in different parts of
the same compound or simple individual, should not
perform their functions equally well as when placed in
two distinct individuals. In some instances the
may have been re-separated for the sake of previ
too frequent self-fertilisation; but this explanation
does not seem probable, as the same end might have
been gained by other and simpler means, for instance
dichogamy. It may be that the production of the
male and female reproductive elements and the
maturation of the ovules was too great a strain and
expenditure of vital force for a single individual to
withstand, if endowed with a highly complex organi-
sation ; and that at the same time there was no need
for all the individuals to produce young, and conse-
quently that no injury, on the contrary, good resulted
from half of them, or the males, failing to produce
oftspring.

There is another subject on which some light is
thrown by the facts given in this volume, namely,
hybridisation. It is notorious that when distinet
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species of plants are crossed, they produce with the
rarest exceptions fewer seeds than the normal number.
This unproductiveness varies in different species up to
sterility so complete that not even an empty capsule
is formed ; and all experimentalists have found that
it is much influenced by the conditions to which the
crossed species are subjected. The pollen of each
species is strongly prepotent over that of any other
species, so that if a plant’s own pollen is placed on
the stigma some time after foreign pollen. has been
applied to it, any effect from the latter is quite obli-
terated.. Tt is also notorious that not only the parent
species, but the hybrids raised from them are more or
less sterile; and that their pollen is often in a more
or less aborted condition. The degree of sterility of
various hybrids does not always strictly correspond
with the degree of difficulty in uniting the parent
forms. When hybrids are capable of breeding inter se,
their descendants are more or less sterile, and they
often become still more sterile in the later generations 3
but then close interbreeding has hitherto been practised
in all such cases. The more sterile hybrids are some-
times much dwarfed in stature, and have a fecble con-
stitution. Other facts could be given, but these will
suffice for us. Naturalists formerly attributed all these
results to the difference between species being funda-
mentally distinct from that between the varieties of
the same species; and this is still the verdict of some
naturalists.

The results of my experiments in self-fertilising and
cross-fertilising the individuals or the varieties of the
same species, are strikingly analogous with those just
given, though in a reversed manner. With the majority
of species flowers fertilised with their own pollen yield
fewer, sometimes much fewer seeds, than those ferti-
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lised with pollen from another individual or variety.
Some self-fertilised flowers are absolutely sterile ; but
the degree of their stexility is largely determined by
the conditions to which the parent plants have been
exposed, as was well exemplified in the case of Hsch-
scholtzia and Abutilon. The effects of pollen from the
same plant are obliterated by the prepotent influence
of pollen from another individual or variety, although
the latter may have been placed on the stigma some
hows afterwards. The offspring from srtilised
flowers are themselves more or less sterile, sometimes
highly sterile, and their pollen is sometimes in an
imperfect condition; but I hayve not met with any case
of complete sterility in self-fertilised seedlings, as is
so common with hybrids. The degree of their sterility
does not correspond with that of the parent-plants when
fiust self-fertilised. The offspring of self-fertilised
plants suffer in stature, weight, and constitutional
vigour more frequently and in a greater degree than
do the hybrid offspring of the greater number of
crossed species. Decreased height is transmitted to
the next generation, but I did not ascerfain whether
this applies to decreased fertility.

T have elsewhere shown * that by uniting in various
ways dimorphic or trimorphic heterostyled plants,
which belong to the same undoubted species, we get
another series of results exactly parallel with those
from crossing distinet species. Plants illegitimately
fertilised with pollen from a distinct plant belonging
to the same form, yield fewer, often much fewer seeds,
than they do when legitimately fertilised with pollen
from a plant belonging to a distinct form. They some-
times yield no seed, not even an empty capsule, like

# «Journal Linu. Soc. Bot." vol. x. 1867, p. 393.
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a species fertilised with pollen from a distinet genus.
The degree of sterility is much affected by the condi-
tions to which the plants have been subjected.* The
pollen from a distinet form is strongly prepotent over
that from the same form, although the former may
have been placed on the stigma many hours afterwards.
The offspring from a union between plants of the same
form are more or less sterile, like hybrids, and haye
their pollen in a more or less aborted condition ; and
some of the seedlings are as barren and as dwarfed as
the most barren hybrid. They also resemble hybridsin
several other respects, which need not here be specified
in detail,—such as their sterility not corresponding
in degree with that of the parent plants,—the unequal
sterility of the latter, when reciprocally united,—
and the varying sterility of the seedlings raised from
the same seed-capsule.

We thus have two grand classes of cases giving results
which correspond in the most striking manner with
those which follow from the crossing ui so-called true
and distinet species. With respect to the difference
between seedlings raised from cross and self fertilised
flowers, there is good evidence that this depends alto-
gether on whether the sexual elements of the parents
have been sufficiently differentiated, by exposure to
different condition or by spontaneous variation. It
is probable that nearly the same conclusion may be
extended to heterostyled plants; but this is not the
proper place for discussing the origin of the long-
styled, short-styled and mid-styled forms, which all
belong to the same species as certainly as do the two
sexes of the same species. We have therefore no right
to maintain that the sterility of species when first

* ¢ Journal Linn, Soc. Bot.” vol. viii. 1864, p. 180.
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crossed and of their hybrid offspring, is determined by
some cause fundamentally different from that which
determines the sterility of the individuals both of
ordinary and of heterostyled plants when united in
various ways. Nevertheless, [ am aware that it will
talke many years to remove this prejudice.

There is hardly anything more wonderful in nature
than the sensitiveness of the sexual elements to exter
influences, and the delicacy of their affinities. We see
this in slight changes in the conditions of life being
fayourable to the fertility and vigour of the parents,
while certain other and not great changes cause them
to be quite sterile without any apparent injury to their
health. We see how sensitive the sexual elements of
those plants must be, which are completely sterile with
their own pollen, but are fertile with that of any other
individual of the same species. Such plants become
either more or less self-sterile if subjected to changed
conditions, although the change may be far from great.
The ovules of a heterostyled trimorphic plant are
affected very differently by pollen from the three sets
of stamens belonging to the same species. With
ordinary plants the pollen of another variety or merely
of anotherindividual of the same variety is often strongly
prepotent over its own pollen, when both are placed
at the same time on the same stigma. Tn those great
families of plants containing many thousand allied
species, the stigma of each distinguishes with unerr-
ing certainty its own pollen from that of every
other species.

There can be no doubt that the sterility of dis-
tinet species when first crossed, and of their hybrid
offspring, depends exclusively on the nature or affi-
nities of their sexual elements. We see this in the
want of any close correspondence between the degree
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of sterility and the amount of external difference in the
species which are crossed ; and still more clearly in the
wide difference in the results of crossing reciprocally
the same two species;—that is, when species A is
crossed with pollen from B, and then B is crossed with
pollen from A. Bearing in mind what has just been
said on the extreme sensitiveness and delicate affinities
of the reproductive system, why should we feel any
surprise at the sexual elements of those forms, which
we call species, having been differentiated in such a
manner that they are incapable or only feebly capable
of acting on one another? We know that species have
generally lived under the same conditions, and have
retained their own proper characters, for a much longer
period than varieties. Long-continued domestication
eliminates, as I have shown in my ¢Variation under
Domestication,” the mutual sterility which distinet
species lately taken from a state of nature almost always
exhibit when intercrossed; and we can thus understand
the fact that the most different domestic races of animals
are not mutually sterile. But whether this holds good
with cultivated varieties of plants isnot known, though
some facts indicate that it does. The elimination of
sterility through long-continued domestication may
probably be attributed to the varying conditions to
which our domestic animals have been subjected ; and
1o doubt it is owing to this same cause that they with-
stand great and sudden changes in their conditions of
life with far less loss of fertility than do natural species..
From these several considerations it appears probable
that the difference in the affinities of the sexual
elements of distinet species, on which their mutual
incapacity for breeding together depends, is caused by
their having been habituated for a very long period
each to its own conditions, and to the sexual elements
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having thus acquired firmly fixed affinities. However
this may be, with the two great classes of cases before
us, namely, those relating to the self-fertilisation and
cross-fertilisation of the individuals of the same species,
and those relating to the illegitimate and legitimate
unions of heterostyled plants, it is quite unj able to
assume that the sterility of species when first crossed
and of their hybrid offspring, indicates that they
differ in some fundamental manner from the varieties
or individuals of the same species.
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Gss-fertilisation,

spicions 3

i ek fus Gt
612, Sowess alapta ojeecata
Kinds, 37

EURR.

Tpomaa purpurea, 28; mensure-
wents, 20-19; flowers on same
plant crossed, 41-44; cross with
fresh stock, 45-47; descendants
of Hero, 47-51; summary of
measuremeuts, 52; diagram show=
ing mean heighs, 55 ; summary
of obsery: 2 of experi-
ments, 9; supenumy of
crossed, 289; early flowering,
491, 297 ; effects of intercrossing,

500; uniform colour of self-fer-

tilised, 308; seeds, 314, 322, 824

highly seli-fertile, 368; prepo-
teriey of other pollen, 397

Tris, secretion of RRRCRRL
from calyx, 402

Tsotoma, 176, 364

3.
Juglans regia, 390

K.

Kalni latifolia, 850
Kerner, on protection of the pollen,

376; on tho aingle duily Hower
of Villarsia parnassifolia, 890
pollen carried by wind, 405, 406,
412
Kidney-bean, 15:
hmhwu, Mr., on the action of the
tigma, G4 ; on Viola tricolor, 123
Knight, A, o the sexual infercousse
of plxmtu, ; crossing varieties of
peas, 163 ‘sexual reproduction,

l\ohl Labi,  prepotoncy of pollen,

Kéreuter on crosefertilication, 74
number of pollen-grains necessATy
for fertilisation, 24 ; sexual affini-
ties of Nicotiana, 210 ; Verbaseum
phanicoum, ;experiments
ith pollen o Hibisous vesi-
carius,

Kuhn adopts the term cleistogene,
90

5

Kurr, on exeretion of nectar, 402;
removal of corolla, 420
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INDEX.

LABIATE.

L

Labiat, 93

Lactuca’ sativa, 173, asure-
ment 174 prepotmmy of other
pollen, 3

Lamium' azbum, 389, 416

urpureum, 416

Tathjrus odoratus, 153-160; men-
surements, 160;  remarks
on experiments, period of
flowering, 205 riilisation,
S04; eed, b, 395 soltortile,

S om

gmnrl' orus, 153, 360
367

429

Tawes and Gilbert, Messrs., e

sumption of inorganic matter
plants, 448

Laxton, Mr., crossing varicties of
peas, 163, 305

Lecop, Cyelamen repandum, 215 ; on
Fumariacez, 359; annual plants
xaely diccious, 413

Lecrsia oryzoides, 350

Dequninoss, 147; summary on the,

chgh(on, Rev. W. AL, on Phaseolus
mdforus, 151 deaeio magnifice,

405
Leptosiphon androsaceus, 368
Leschenaultia formosa, 364
Lettuce, 173

Lilium avratun, 341
Limnanthes douglasii, 145; measure-

: “oarly flowering of .

crosscd, 293; seeds, 816, 325;

highly. seltertile, ‘prepo-
o ather pollén, 397

ki mudaris; 0 68 - seois
self-sterile, 363

— cymbalaria, 38,422

Lindley on Fumariacez, 359

Link, ~hypopetalous nectary in
Cllironia decussata, 403

Linum grandiflorum, 343

usilatissimum, 366
Lousacez, 17

Tis i teomtion cloprolla. |

seeds, 323 ; steril
hyumble’ mcs 36+
76; mensurements,
v flowering of
55 seeds, 823;

jor, 176
Loiseleur- mslon«chm,p, on
grains of cercals,
Totus cornieulal
Lubho of
of um\m, 6; on
123; bees distinguishi
73} instinet of hets and
sucking nectar
Lupinus luteus, 111
1483 carly fow

the

seots

measurements,

29 S attorilo, 3675
plspntency of nther pollen, 397
sclf-fertile, 3

M.

on the shorter or
mens of thododendrons,

cgrav
asters, T, crose fortlisation in
Pisum _satioum. 161; cabbages
nmcm by pollen o e,

——, Dr. Maxwell, on honey-dew,
402

Measurements, summary of, 241 ;
240- JJ

244 ; 'lqlnle C, 24!
Medicago lupulina,
Mechan, M ng Potunia

violacea by night moth, 188
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MELASTOMACEZE.

Melastomazez, 298
fieinalis, 350

Meres
Mxllel mec sor, On. d\en\w al affi-

Muuum W. 5, effects of cw&su\w
105

plants, 64
T o it ndistinetRipek 128
5 intercrossed on sume plant,
75785 of abservations,
s 2615

. Mr. ved clover never sucked.
ees in the United States,

361

Mirabilis, dwarfed plants raised by
using oo e pollen-grains, 208
number of ceossary for
Jertilisation,

Mitehell, Dr., on first cousins inter-

Cinerarias, 333
Miller, on  Posoqueria
Jragrane 5 491; experiments on
d 4 and Dignoni
larize

ux 5, 3063

archidaceons.

of
genera sterile in
their native home, also Bigno

number

and Tabernzmontana echinata,
31 of

et sterile
incapacity of pollen=
tubas fo penetrate the stigma,
cross fertltation by means

e SentTisation, 510
plants, 341 ;

ds, 371; imperfectly deve-

1.,,.e«1 R T
380; food-bodies in Ceeropia, 40+

Miiller, Hermann, fertilsation of
flowers by insects, 6,
Digitalis purpurea, 82; Cateer:

INDEX.

NAUDIN,

laria, 7; Linaria vulgaris, 88
Verbascum_nigrum.
common_cabb
dubium, 107; V.

124; , structure of Delphiaium
cousfifa, 129; of upinta lali
14 s of Pisum sativum,
160,161 on Sarotfamus scopns
rius not secreting neetar, 1643
Apium petroselinum, 172 ; Borago
ofiicinalis, 185; red clover visited
Ty hive-bees in Germany, 3615
insects rarely visiting Fumaria
officinalis, 366; comparison_of
Iowland and alpine species, 8755
structure of plants adapted to
cross and self-fertilisation, 380
large conspicuous flowers more
frequently visited by insects than
small inconspicuous ones, 383
Solanumgenerally unattractive
to_ insects, Lamium album,
4%9; on anemophilous _plants,
fertilisation of Plantago,
‘ 401; sccretion of nectar, 4053

instinet of bees sucking nectar,
415; bees frequenting fowers of
the ‘sume species, 416; cause of
it, 419; powers of vision and
alserimnation of bee, 422

Miiller, luv&hccs ocea-

sionally pertunte the flower of
‘ Frica telraliz, 427; calyx and
corolla of Rhinanthus alectero-
| tophus bored by
| catus,

N ey species of Ol
dium and Magillaria  sterile
with own pollen, 331

Myrtaces, 412

Bowbus mastru-

N

2

izeli on odours aftracting insects,

874 sexual relations, i(l9

Natural selection, effect upon self-"
steilty and self enisation, 545,

Nontin on numbes of pell gt
necessary for fertilisation, 243
Petunia violacea, 188
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INDEX.

NECTAR.

Nectar regarded as an exeretion, 402

Nemophila. insignis, 182; mensure-
meuts, 165-15; early flovering
of crossed ts of
e l‘uhhstmun, 303;
sceds, 316, 323

Nepeta glechoma, 416

Nicotiana glutinosa, 210

: measurements,
ith fresh stock,

279; superiority of crosse
290; carly flowering,

=

9 3,
ments on, 319 ; self-fertile,
Nolana prostrata, 186; me
ments, 187; crossed and self-
fermued plants, 277; number of
psules and seeds, 321, 823;
Seltfertle, 368
Nolanacez, 156
Nymplaa, 358, 3

0.

Odours emitted by flowers attractive
sects, 374
Dr, on_Digitalis purpurca,

hascolus mul-

tiftorus, 431; perfora-
tion of mrolh\, 436; case of the
Monkshood, 435

Onagrace, 169
Onion, prepotency of other pollen,
393

Ononis minutissima, 167 ; measure-
ments, 168; seeds, self-
fertile, 36

Ophrys apifera, 330, 369, 439

— ‘museifera, 384, 406

Oranges, sponfancous crossing, 394

Orchidex, 364, 369; eseretion of
saccharine matter, 402

Orchis, fly, 406

Origanum vulgare, 9%; measurc-
ments, 95 early flowering of
crossed plant, 292 ;
intererossing, 301

53—
experi-
|

effects of

PHASEOLUS.

B

Pwony, number of pollen-grains,
e

Papaveraces, 107

Papaver alpinum, 331,

— argemonoides, 366

bracteatum, 108

dubim, 107

orientale, 108

7, | — rhaas, 107

| — somniferum, 108, 331, 365

— vagum, 107; measurements,
109; number of capsules, 815;

; prepotency of othor

58

pollen, 3
| I‘u‘u © of the I'fulr( tricolor at-
e t o insects,

| iflora lata, 330, 834

| gracilis, 171; ‘measurements,

|y ed and self-fertilised,
seeds, self - fertile,

3
| Passifloraces, 17
Pea, common, 160, 51
Pelargonium zonale, 142 ;

ments, ks
01; alwost sl

of

roll
e
ments,

colour of
seeds, 316, 3

‘ments, 23
of crossed
Phaseolus coccineus,

ltforus, 130;
152; purtially
crossed and se\fferhllsed, 276 ;

mrl) ﬂm\lnug

mcnsuromen t,
360
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BALVIA.

ently flowering of crossed, 203;  ing of crossed, 208; seeds, 3174

Seeds, 316; perforated by humble- | self-fertility, %l, Dropotency of

bees, 450 dark red polyanthus, 396
I’hmcolu« vulgaris, 153; self-fertle, | Primulaces, 213

Pringlea
P.Kum sativum, 160 ; measurements, Proteaces ()[A\!strnlm, 412
seldom  intercross, 169; | Prunus avium,
v of experiments, Taurocerasus, 40%
978 self-fertile, 367 Pteris aquilina, 40%
Plants, crossed, greater |
tutional vigour, 285
;4

R.

Radish, 393
Hununculuc&ﬂ 128
Ranunculus acris, 363
Raphanus sativus, 365, 303
einke, nectar-secreting glands of
I’runus avium, 403
| Reseda lutea, 117; measurements,
| 7118, 119; Tesult of experiments,
&2 | 80} s fertile, 365
odorata, 119; measurements,
| 120- l"ﬂ SLU fert\hsedamualyex-
coeded by crossed, 289; seeds, 316;
ant of correspondenco betiween
and vigour of offspring,
2 ol o sxperimentes i
texilo and self fertile, 335,565

iv
crossed from o d
with their ow:
ulisin Nolana prm«tmm
selffe
d

Hiskindt plant and the
24 sterile wit

1) istaria
necessary for fertilisati
transported from flover to flover,
1-400 ; abori-
E,nmll\ he sole attmetion fo in-

; quantity produced by | Resedacez,
l\nenn\yh\lm\a plants, 405 Tthewn rha poutwum, 101
Pl . prepotency over cow- | Rheria glandulosa, 3
ip, 396 R\.mmdmdmu, epoht. neous cross-
I'uh/gouﬂ.?, 28 394

Posoqueria fragrans, 5, 3 391 Ihu(lod/'mlmn ﬂ‘nluulcs, 432
Potato, 357 Rhubarb, 394,

Poterium sanguisorba, 4 Tivor mireun 152

Potts, heads of g Riley, Mz, pollen carriod by wind,

covered with pollen, 371 ; Yucea moth,
Primrose, Chincse, lewm Mr., secretion of nectar in
Vanilla, 108

Ry, experiment on pollen cf, 376

368
oﬁcmam 378
8.

Salsia cocolnety 93; measurements,
Kol rly flowering of cros
—— verts (var. nﬂwmahs), 219; b  “secds, 315, 532 partially
mengurements, 291 ; result of ex. | selfsterile, 363
periments, 267, .ns‘ canly flower- glutinosa, 427

© The Complete Work of Charles Darwin Online




BALVIA.

Sulvia grahami, 426, 428, 133
—— tenori, 362
Sarothamnus scoparius, 163; mes
emements, 165-167; euneriovity
of crossed scedlings, 2
seeds, 323; self-sterile, 360
i rpurea, 172; mea-
173

BioHlity of Verbastum,
eidium and )quzlluml. 3
LPrimula scoti'a and Cortusa ‘mnt-
thioli, 362
Serophulariaces,
Seli-fertile varictics, appearance of,

Se

rtilsation, mechanical struc-
ture to check,

Self-sterile plunts.
distribution thm\wlmut
vegetable kingdom,
ence in_plants, 342;
self-sterility,
changed  eon
necessity of differentiation in the
sexual elements, 347

Senecio cruentus, 333, 364

—— leritieri, 315

—— maderensis,

—— populifolius,

— tussilaginis, 335

829-347; wide
_the

Sharpe, precantions against
mtucmﬁsmz. 395
Snow-flake, 176

ﬂvlmuue.z,l
olanum tuberosum, 362, 387

Specularia perfoliata, 174

—— speculum, 174 ; measurements,
175, 176; crossed and self-ferti.
lised, 276; carly fowering of
cmssm], 293; seeds, 323; self-

fertile,
Spencer, e affinity,

Spmmtlxes antumal
Sprengel, C. 1t
Hale by insccts, 5, 6; Viola
tricolor, 123; colours. in ﬂnwcxs
attract and gnide insects, 372,
8755 (o Arivtocin 175 Ao

-Smalo, Mr, gorden lapfnenot

URBAN.

tum napellus, 428 ; importance of
insects in ferlilising flowers, 455

Btachys coceinea, 433

Stellaria media, 3

Strachey, General, purmmduums
in the Himalega,

Strawberry, 3

Strelitzia. muhsca Dy the Nectarini-

de,
SiShetiaon plants adapted to cross
and self fertilisation, 35

by bees
Sweet-pia, 1

w Zealand, 150

5

T

emontana echinata, 331, 362

s of measurements of s,
\»um« and fertility of yluu(u,
2402

Termms, imperfectly
males and females, 350

Thunbcryiu alata, 96, 277, 331

Thyme, 4

i mmm., on Solanum tuberosum,

38

developed

Tuhncw, 203
Transmission of the good effects of
a cross to later generations, 303
’ 411

repens, 361
Tropwolum minus, 144;

measure-

ments, carly ﬂowumg of
crossed, 293 sceds, 3
tricolor, 427; seeds,
Talips, 394
Typha, 405
U

Tnillifers, 17
ban, Ig., tatistion of Medicago
Iupuhna, 368
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v.
Vandellia mummdarif

sceds, ol
Vanilla,

coretion of n

Verbascum lychnitis,

——— nigrum, 89, 350, 311

_ phiniceum, 330, 341, 364

— thapsus, 89; measurements,

0; self-fertile, 341, 369

Verlot on Convolvulus tricolor,

ng of Nemophila, 1
394

ifolia, 390
msmitting character

measurements,
of crossed
od of

59
206; e
s-fertilisation, 504;
16, 325; partially sterile, 358;
corolla removed, 430

23

cts of
secds,

caria’ oculata, 130; measure- |
ment, 132" average height of

ZEA.

crossed and self-fertilised, 276
Simtltancous  flowering, 2

g, 295
seeds, 316, 323; self-fertile, 367

W.

Wallace, Mr., the heaks and faces «
of brush-tongued lories covered
with pollen, 371

Wasps attracted by Epipactis lati-
folia, 375

Weights, relative, of crossed and
sclffortilised plants, 244, 283:
and period_of germiation of
seeds, 352-355

Wilder, Mr., fertilisation of flowers
with theit own pollen, 34

Wilson, A. J., superior vigour of
crossed seed in_ Brassica

campestris ruta b 3

Wistaria sinensis, 3

L
Yucea moth, 448

Z.

Zea mays, 16, 233 ; measurements,
16-18, 234} difference of height
hetween erossed and sel -fertilised,
288; early flowering of crossed,
993 self-fertile, 569 ; prepotency
of other pollen, 397
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meacx (Sic JOILN). Oriin of
on, and the Primitive

Cunrh!mn of Man. By Sir John

TLubbock, Bart,, M. P. 1 vol,

Toth,

oric Times, as {llus-
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1 vol, 870, 640 p

50
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LYELLS Principles of Geology ;
or, the Modern Changes of the
Tarth and its Tnhabitants, con-
sidered as illustrative of Geol-
ogy.
Plates, and Woodeuts.
and entirely revised edition. 2
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Flemonts of Geology s or,
the Ancient Changes of the

Farth and its Inhabitants, as

illustrated by Geological Monu-

ments. Sixth edition, greatly

‘ Woststal i 0

. 1vol a
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and Mind : an Inquiry into their
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ence, specially in reference to
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Mental Disorders. An enlarged
and revised edition, to which
e ided Paychlogical Esays.
By Henry Maudsley, M.

Londoh, Fellow of the m.m
College of Physicians; Profess-
or of Medical

LY (The). Edited by E. L.
Youmans. Tin PorvLAR Scr-
ZNOE MoNTiLy was started to
Telp on the work of sound pub-
lic education, by supplying in-
structive articles on the lead-

in University College, London,
ete., ete. 1 vol, 12mo. ..Cloth,
MIND: A Quarterly Review of
Psychology and  Philosophy.
E e
1876. 156 pages.... . Per year,
Per Number,

MIVART (ST. GEO.) On the
Genesis_of Species.

George Mivart, . R.S. Tllus-
trated. 12mo... -Cloth,
“Half Calf,

Man and Apes. An Exposi-

tion of Structural Resemblances

essons from Nature, as
mmfemu in Mind and Matter.
1 vol, Cloth,
Cohlempornry Evolution.
An Essay on some recent Social
Changes. 1 vol., 12mo. .. Cloth,
ORMATHWAITE (LORD). As-
tronomy and Geology com-
pared. Contents: Part T. As-
tronomy and _Geology com-
II. Remarks on the

Civilzation. 15mo. Tinted pa-
b Cloth.
PAPILLON (FEENAND). Na-
ture and Life. Facts and Doc-
i S B
tion of Matter, the New Dy-
B ey
Nature, By Fernand Papillon.
Transhated from the second
French edition, by A. R. Mac-
donough, Bsq. 1 vol,, 12mo.
ai

th,

POPULAR SCIENCE MONTH-
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200

1t contains papers, original and.
selected, on a wide range of sub-
jects, from the ablest scien
men of different countries, ex-
plaining their views to non-se
entific people. Vols. T, IT, TIL,
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Half Moroceo,

Ty Porvrar SOENcE Moxtay
is published in a large octavo,
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NEW Yorw MEDIOAT, JOUENAL,
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POPULAR SCIENCE LIBRARY
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tractive books, at the uniform
price of a DOLLAR each, that will
Dring the varied and important
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quiry within easy reach of all
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Heatrs. By Dr. Edward Smith,
T.R.S.
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T NATORAL HISTORY OF MAXN.
By Prof. A. de Quatrefages.
(Translated from he French by
Eliza A, Youmans.)

“Dme Soxexce o Music. By Sed-
ley Talor.
Ovrinye or TmE EvoLuriox

Pruosormy. By Dr. E. Ca-

(Translated from the
French by Rey. 0. B. Froth-
ingham.)

Excuisi MeN or SCIENCE, THEIR
Naruxe ANp Numtoms. By
Francis Galton, F. R.

PROCTOR (k. A Other Worlds
than Ours; the Plurality. of
Worlds, studied under the Light
of Recent Scientifio Researches,

@

By Richard A. Proctor, B. A,
F.R.A.S, outhor of “Saturn
and its

of the Earth “Half Hours
with the Telescope,” ete. With
some

mmmians.
12m

,\ght Science for Lelsure
Hows. A Series of Familiar
Essays on Scientific Subjects,
Nmm Phenomena, ete. 1 vol,
12m mom

Ess'nya on Astron A
Series of Papers on Planeta and
Meteors, the Sun, Stars, ete.
With 10 Plates and 24 Wood
Engravings. 1 vol., 8vo.
Cloth,
The Moon, her Motions, As-
pect, Scenery, and_Physical
Conditions. With Three Lu-
nar Photographs, and many
Plates, Charts, ete. 1 vol,Sv0.
Cloth,
— The Expanso of Heaven. A
Series of Essays on the Won-
ders of the Firmament. 1 vol.,
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Our Place among Infini-
ties. A Series of Essays con-
trasting our Littlo Abode in

.
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Space and Time with the Tn-
finities around us. To which
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g and Astrology. 1
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RIBOT (111 Heredity b Pey:
chological Study on its Phe-
nomena, its Laws, its Causes,
and its Consequences, From
the French. 1 vol,, 12mo. Clotb,
English Psychology. Trans-
lated from the French of Th.
Ribot. 1 vol, 12mo.....Cloth,
ROSCOE (HENRY E.) Spectrum
Analysis. Six Lectures deliv-
ered in 1808 before the Soclety

of Apothecaries of London. By
Henry E. Roscoe, B. A., Ph. D,
F.R.S. With Appendices, Col-
ored Plates, and Ilustrations.

1 vol, 8vo...
SCHELLEN (H.) Spectrum Anal-
ysis in its Application to Ter-
Substances, and the
Physical Constitution of the
Heavenly Bodies, Familiarly
explained by Dr. H. Schellen,
Director der Realschulo 1. 0.
Cologne. Translated from the

.
second enlarged andrevised
German_edition, by Jane and
Caroline Lassell. Edited, with
Notes, by William Husgins,
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SCIENCE PEIMERS:

1. Inteopvcrorr. By Prof

Huxley, B.RS....(In press)

9. Cumwistey. By Prof. Roscoe.
~Flexible Cloth,

By Balfour Stewart.

With Ilustrations. 18mo.
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Works of Charles Darwin.

JOURNAL OF RTSE:\RCHES into Ihe \T:Iunl Hxsmry and Ge-
alogy of the Countries visited during the Voyage of H. M. S. Beagle round the
u;‘{ s e conmand of FE AR R e

il

B s e e e B e cen observer, and a genu-
ine philosopher, he has BroGERt back to s a preciods Teight of facts and truths, - The
i for some tine before the public, and has won a high place among
x5 of every class. Itis as 0’ be abo ion of in:
tell e e
entific, are brought to light. Darwin's reot, cloquent syle richly llyminates
Ris observations: - The welghtier mattrs to which e ailudes d among
more familiar ohservzuon:, Sch 2 would naturally be made. by 3 raveler passing
through new and wonderful scenes. It is an instructive and interesting book.”—
Northwestern Christian Aduocate.

THE ORIGIN OF SPECIES bv ‘\Ieans of Natural Selection, or

the Preservation of Favored Races n the Strugle for Life. New and revised edie
Additions. Wuh SR el e o E
“ Personally and p exercised in zodlogy, in minute anatomy, in geology,

astudent of geographical s e vor:
d laborious colletion; having largely advanced each o these branches of
aving spent many years n gachering and siting majerials o7 present
work, the store of accurately-registered fa igin of
B St o draw aewill, s prodigious. " Frof 7.

THE DESCENT OF MAN, and Selection in Relation to Sex.
del"uglnnons. New edu.\un revised and augmented. Complete in one vol-
pagu 2

r
9:\.

et i v i ot
e S Charles Lyell, probably the most leamed of Gealogiats and even by
a'class of Christian divines like Dr. McCosh, who think that certain theories of cos-
mogany, ik the ncbular pothesls' - the liw of evolution, may be accepted with-

ut doing viclence to faith."—

“THE EXPRES:IOV OF THE EMOTIONS IN MAN AND
e o th Photographic and other Ilustrations. t vol., thick
e,

it must be admitted that his great
powers of ahservation are 2 conspicuous as eve in this inquiry. During 2 space of
more than thirty years, he has, with exemplary p n accumulating informa-
B il v ae Soussee” The result of 2l his 1 undoubtealy the collecton of &
mass of minute and trustworthy must possess the highest value,
whatever may be the conclusions ultimately deduced from it."—Londor: Zimes.

INSECTIVOROUS PLANTS. With Illustrations. 1 vol.,, 12mo.
Price, $2.00.

‘-1'. :on:luswn, e lay this book down with increased admiration for Mr. Darwi
as a discoverer and expositor offacts, and with great satisfaction at the increase to our

Knowledge ofplant physiology give us 35 well s the ample prom
tions as the dircct consequence of the present pu " Londor Athenrm.
T this work M. Darwin's patient and. painstaking methods of investigation ap-
the best possible advantage. It is impossible f0 read it without cnthusiastic

aciristics of the plants, the pcculi:\ri!i:svof ‘which he is studying, and, as is always

who reads simply for iaformation s sure to be autracted and charmed quite 3 mucl 5
the professional student.”—

D. APPLETON & co., PUBLISHERS, 549 & 551 Broadway, N. Y.
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INSECTIVOROUS PLANTS.

By CHARLES DARWIN, F.R. S., ete.
WITH ILLUSTRATIONS.

1 vol, 12mo. Cloth. . . . . » . . . . Price, $2.00.

. Darwi's book may be held up as a model of what & treatise should be that
is addrca::d to intelligent readers, a majority of whom, i e presumed, have no
Special acquaintance with the matter under consideration I yle it I strongly

g
-

then, step by step, we are treated to the. mqm of those researches; fact is added to
fact, infetence to'inference, Gl at length the body of evidence, dircet and indirect, be-

t of Mr. Darwin's
e e, avg only saued by the spparently s
hich he ‘| ;a pursued his observations and experiments throughout many years.—
ondon Ahenain.

“Tn this work Mo, Darwi's pticnt and painstal
10 he best posibe advan L
 the ngenuty which in devising tests to determine the char-
Setericics of the planis, the ecuiiariics of which he is Stidying, and, as is always the
ase with him, e presents the conclusions arrived at in language s lucid that he who
reads simply for mfnrm:mon i sure to be attracted and charmed quite as much as th
professional student.—N. ¥. 7

ng methods of investigation ap-
o read it without enthusiastic

« As a model of scientific inquiry, his work will scarcely find a parallel in any lan-
guage. Teis uterly fro from the difuse verbiage which corrunts the style of so many
B prominent Gorman naturalists, and from the subtile refinements which so often
hrow an ai of roman ce axound the physical speculations of French writers. In Eng-

 Titerature it has no superior in acuteness of thought, candox of judgment,
md felic Ry of expression.

M. Daryin's manner is cqually remote from the yehemence of the polemic and the
indifference of the cold-blooded observer. His pages are warm with deep human inter-
‘est, but an interest inspired by thelove of truth 2ad knowl edge, notby personal paseion.
Hit anvlous endeator for accuate observation is evinced in everyine of his writings,

e eamestness of a discoverer, e lings st more d

y  undertakes to interpref. The scope of his ex-
periments illustrates the rar 'his mind, as well as his wonderful patience.
Hhe thoroughness of their execution is fully equal to the ingenuity of their coneeption.

o detai 0 escape his notice, 10 ina - mars the harmony of his state-

‘ment, no unwi
one could be ndifferent to his volume as a scig ientibe pibducton, fmiss still be admired
as a masterpicce of intellectual workmanship.

D. APPLETON & CO., PUBLISHERS, 549 & 551 Broadway, N. Yo
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THE POPULAR SCIENCE MONTHLY.

coNDUCTED B
E. L. TOUMANS.

This periodical was started (in 112) to promote the difusion of valuable sci-
entific knowledge, in a readable and attractive form, among all classes
of the community, and has thus far met a want supplied by
no other magasine in the United States.

Eigh volumes have now appeare, i e ed it nsrueive and ftrsing
aricles and abstracts of articles, original, selected, translated, and illustrated, from the
pens of the leading sclentific men of i il 5. Accounts of important scien-
tific discoveries, the application of science to the practical arts, and the latest views put
forth concerning natural phenomens, have been given by savants of the highest nu-
thority. Prominent attention has been also devoted to those yarious sciences which
help to @ better understanding of the nature of man, to the bearings of science upon
the questions of soclety and government, to_ seientific education, and to the conflicts
which spring from the progressive nature of scientific knowledge.

Time Popurar Screvce Moxtiuy has long since ceased to be an experiment. It
has passed into a circulation far begond the most sunguine hopes at first entertained,
and the cordial and intelligent approval which it has everywhere met, shows that its
close and instructive djscussions have been well appreciated by the reading portion of
the American people. It has not heen its policy to make boastful promises of great
things to be done in the future, but rather to appeal to what it has already accom
plished as giving it a claim upon popular patronage. But no pains will be spared to
improve it and make it still more worthy of liberal support, and still more a necessity
to the cultivated classes of the country.

Tt PorurAg Sorexcs MoxTHLY s published in o large octayo, handsomely printed
on dlaar type, and, when the subjects admit, fuily illustrated. Egch number contains
135 pages. )

Terms: $5 per Annum, or Fifty Cents per Number.

I’Ni«ge Jres to all Subscrivers in the United States, from January 1, 1875,
A new volume of Tre PoPULAR SOmENCE MoNTHLY begins with the numbers for

May and November each year. Subscriptions may commence from any date. Back
mumbers supplied.

IX.. of the Popu-

Nouw Ready, Vols, I IT, IIL IV, V., VI, VT e B

VI, an

Zar Science Monthly, éibracing the numbers from 1 to b (May, 15

{0 e o, 550 por vol. ot Marooco. 8650 pex'voL

or Sale, Binding Cases for Vols, 1. I, 11T, I7. and

o e op oniply. ” Thees civers sve projaced exprashy fr

e e P e d will be

st t0 Subseeibors o8 receipt of riee. Any Binder ean attach the Sovers at a triling
Price, 50 cents each.

Avpress . D. APPLETON & CO., Publishers,
549 & 551 Broadway, New York.
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A HAND-BOOK

(HEMICAL TECHNOLOGY,

By RUDOLPH WAGNER, Ph. D.,
Professor of Chemical Technology at the University of ‘Wurzburg.

Translated and edited, Trom: the Eighth German Edition, with Extensive Additions,

By WILLIAM CROOKES, F.E.S.

1 Vol,, 8vo, 760 pages, 886 Engravings. Price, $5.00.

«His book is, indeed, excellent in the department whicl above all others bears, and
properly bears, the nam of Chemical Technology, that is {o say, the production of the
R aterials used in industrial chemistry: and, sccond, the methods of that in-

ustry."'— ring and Mining Fournal.

“The work has eight divisions. The first treats of chemical metallurgy, alloys, and
preparations.iron, steel, cobalt, nickel, copper, lead, tin, zinc, arsenic, silver, gold,
eEnum, et,: the second, of crude materials and ‘products—carboate of potassa,
Diipetre, mitHc acid, gun-cotton, common salt, sulphur, ctc.; the third, of glass,
P eware, gypsum, lime, and mortar; the fourth, of vegetable fibres and their tech-
o plication_hemp, cotton, paper, starch, sugar, wine, beer, vinegar, oils, cements,
i e fith, of animal substances and their industrial application: the suxth, of dyeing
ag: the seventh, of methods of producing artificial light; and the last,

ating apparatus.
There is no one of fair intelligence employed in any of all the industrial pursuits,
whether as owner or employé, who will not gain by Prof. Wagner's labor."—Nork

Apmérican and Gazette.

““This is a valuable treatise on the materals and products of chemical industry, and
with all the modern discoveries and appliances accurately described. It is of great
mployed in the various arts and manufactures, as it pre
<bs sequire for the successful pursuit of their various avocations, The
chapters on heat, light, and bread.making, might be profitably studied by house-

tifi
knowledge and skill, to the success of practical industry, he will do well to study this
Book very carefully. . No other work with which we are acquainted treats of chemical
technology a0 extensively and thoroughly, or with such fullness of scientific knowlcdge.
It discusses and explains all the processes of every kind of manufactures, in which ©

nature of raw materials is usually altered” "

' American Ution.

New York: D. APPLETON & CO., Publishers, 549 & 551 Broadway.
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