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THE

EFFECTS

CROSS AND SELF-FERTILISATION.

e

CHAPTER L
INTRoDUCTORY REMARKS.

Various means which favour or determine the cross-fertilisation of
‘plants—Benefita derived from cross-fertilisation—Self-fertilisation
favourable o the propagation of the species—Brief history of tho
‘subject—Object of the experiments, aud the mauner in which they
were tried—Statistical value of the measurements—The experi-
meats carried on during several successive generations—Naturo
dh-:l-updm,a..- in the Iater generations—Unifor-

causes of error—Amount
it of the work—TImportance of the conclusions.

THERE is weighty and abundant evidence that the
flowers of most kinds of plants are constructed so as
% be < onall habitaall fertilisod by
pollen from another flower, produced either by the
same plant, or generally, as we shall hereafter sce
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
been divided into two sub-classes : proterandrous species,
B
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2 INTRODUCTORY REMARKS. Cuar. L

in which the pollen is mature before the stigma, and
proterogynous species, in which the reverse occurs;
this latter form of dichogamy not being nearly so
common as the other. Cross-fertilisation is also en-
sured, in many cases, by mechanical contrivances of

derful beauty, p g the of the
flowers by their own pollen. Thero is a small class of
plants, which T have called dimorphic and trimorphic,
but 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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Ciar. 1. INTRODUCTORY REMARKS. 3

fow plants seem to be invariably self-fertilised; yet
even these retain traces of having been l‘ormerlv
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 femhuntlon and that this end can be gained
by plants with i bly greater
certainty by self-fertilisation, 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 dissemination.

therefore, are constructed so as to gain two

~ objects which are, to a certain extent, antagonistic, and
ﬂ-uphms many apparent anomalies in their strue-
ture. The close proximity of the anthers to the stigma
in a multitude of species favours, and often leads, to
self-fertilisation ; but this end could have been gained
far more safely if the flowers had been completely
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. But 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 cleistogamic, which bear on the

B2
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4 INTRODUCTORY REMARKS. Cuar. L.

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 1s,
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 constructed
for eross-fertilisation by the aid of insects; and without
their aid these produce no seed.

The adaptation of flowers for cross-fertilisation is
subject which has interested me for the last thirty-
seven years, 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. Tn 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
Foreign Orchids are Fertilised by Insects’ appeared.
Tt seemed to me & better plan to work out one group
of plants as carefully as I could, rather than to pub-
lish many miscell and imperfect ob
My pmem work is the complement of that on
Orchids, in which it was shown how admirably these
plauts are constructed 5o as to permit of, or to favour,

or to The
s Garlenen” Ohonile? 1857, Annle and Mg of Not. Hist?
B 735 a0 1808, 8l series, vol, ii, 1838, p. 462,
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Om¥. 1. INTRODUCTORY REMARKS. 5

for cross-fertilisation are perhaps more obvious in the
Orchidew 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 (deseribed by Hildebrand, Dr. W.
Ogle, and others), by which the anthers are depressed
and rubbed on the backs of bees, shows as perfect a
structure as can be found in any orchid. Papilion-
aceous flowers, as described by various authors—for
instance, by Mr. T. H. Farrer—offer innumerable
enrious adaptations for cross-fertilisation. The case of
Posoqueria fragrans (one of the Rubiacee), is as won-
derful as that of the most wonderful orcl The
stamens, according to Fritz Miller,* are irritable, so
that as soon as a moth visits a flower, the anthers ex-
plode and cover the insect with pollen; 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
“ 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
lonn. such as those by Hildebrand, Delpino, Axell,

* {Botanische Zruung. 1866, p. 129.
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6 INTRODUCTORY REMARKS. Cnar. T

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
effects 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
animals, I became convinced many years ago that it
is a general law of nature that flowers are adapted to
be erossed, at least occasionally, by pollen from a
distinct 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 distinct 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 bas given  known, visit the flowers of each
an inter summary of the species. He likewise enters on
whole subject in lis * British Wild  new ground, by showing not only
Flowers considered in relation to  that flowers ure adapted for their
Insects,’ 1875, Hermann Miiller's  own good to the visits of certain
work ‘Die Befrucl but that the insects
men durch Tnsckten,’ 1573, con- aro excellently ndapted

ins an immense number of for procuring neetar or n
original observations and gene- rtain flowers.
ralisations. It is, moreover, in- '
valuable as & repe i

lated to
subject, His warl Asell's work i Swedish,
that of all others in specifying so that T have not been ablo fo
what of insects, as far as  read it
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Cnar. I INTRODUCTORY REMARKS. 7

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 imagine that this transportation was
of any service to the plants themselves.”

Andrew Knight saw the truth much more clearly,
for he remarks,t “ Nature intended that a sexual in-
tercourse should 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.”
h 1811 Kolreuter plainly hinted at the same law, as

did afterwards another famous hybridiser of plants,
Herbert.4 But none of these distinguished observers
appear to have been sufficiently impressed with the

4+ Kilreuter, ¢ Mém. de I'Acad.
?a 8t. Péters| 4 i. 1809
showing how well the
are adapted for cross-fertilisation,
hie asks, * An id aliquid in recessu
habeat, quod hujuscemodi flores
‘nunquam proprio suo pulvere,

o aliarum, cue specici

impregnentur, merito_quierit
rie natura nil facit frostra”

Herbert, ‘ Amaryllidaces, 'lllll

Treatise on  Cross-brec

tables,’ 1887,
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8 INTRODUCTORY REMARKS. Cuar. I

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

In 1862 I summed up my observations on Orchids
by saying that nature “abliors perpetual self-fertilisa-
tion.” If the word perpetual had been omitted, the
aphorism would have been false. As it stands, T
believe that it is true, though perhaps rather too
strongly expressed; and I should have added the

Ii-evident ition 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
service by insisting repeatedly on this latter point.

Tt often oceurred to me that it would be advisable
to try whether seedlings from cross-ertilised 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 generation 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-
eross plants during several successive generations, in
order to arive at any result. I ought to have re-
flected that such elaborate provisions favouring cross-

ilisation, as we see in i ble plants, would
not have been acquired for the sake of gaining a
distant and slight advantage, or of avoiding a distant
and slight evil. Moreover, 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.

© The Complete Work of Charles Darwin Online



Cuar. L INTRODUCTORY REMARKS. 9

For the sake of determining certain points with respect
to inheritance, and without any thought of the effects
of close interbreeding, I rmaised close together two
large beds of self-fertilised and crossed seedlings from
the same plant of Linaria vulgaris. To my surprise,
the erossed plants when fully grown were plainly taller
and more vigorous than the self-fertilised ones. Bees
ineessantly visit the flowers of this Linaria and carry
pollen from one to the other; and if insects are ex-
eluded, the flowers produce extremely few sceds; so
that the wild plants from which my seedlings were
rised must have been intercrossed during all provious
It seemed therefc le that
B0 forcnioo botwoen the to beds ot seedlings could
have been due to a single act of self-fertilisation ; and
Tattributed the result to the self-fertilised seeds not
having been well npened improbable as it was that
all should have been in this state, or to some other
aceidental and inexplicable cause. During the next
Ex raised for the same purpose as before two large
close together of self-fertilised and crossed seed-
from the carnation, Dianthus caryophyllus. 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 seedlings
were plainly inferior in height and vigour to the
crossed.

My attention was now thoroughly aroused, for I 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 self-fertilised flowers. Accordingly I
selected almost by hazard two other plants, which
Lappened to be in flower in the greenhouse, namely,

© The Complete Work of Charles Darwin Online



10 INTRODUCTORY REMARKS. Cnar. L

Mimulus luteus and Ipomaea 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; both plants being protected by a
net from insects. The crossed and self-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 the 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 seo 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 erossed
and self-fertilised seeds, seedlings, or plants; these
terms implying that they are the product of crossed or
self-fertilised flowers. Cross-fertilisation always means
& 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
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Cuar. I INTRODUCTORY REMARKS. 11

the flowers touch the net they may be cross-fertilised
bybees, 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
1o 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
inseets. 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 seeds. 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 pot, 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 any way injured,
it was pulled up and thrown away, as well as its
antagonist on the opposite side of the same pot.

As a large 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.
In these cases 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 oceasions, 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
10 act in this manner with some few species, as certain
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kinds 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 two windows which faced
the N.E.*

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 towards
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, than were
my erossed and seli-fertilised seedlings, as grown in
the above described manner.

In comparing the two sets, the eye alone was never

Generally the height of every plant on both
sides was carefully measured, 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

occurred in the plainest

tissima. Rarely more than one
or two of the seeds of these four
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specics gorminated on the bare
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 immediately in
Jarge numbers.
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plants raised from the seeds remaining after the pairs
had been planted) unless the tallest plants on ach
side seemed faitly 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 in the case of the much crowded plants raised
from the remaining seeds, 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
purpose, however, of the comparison of the crossed and
self-fertilised plants, their absolute height signifies
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, I have always
for the sake of easy comparison given in addition the
average height of the crossed plants of each species
taken as 100, and have caleulated the average height
of the self-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 crossing 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-
Aertilised plants were measured, it was of great impor-
tance to me to learn how far the averages were trust-
My I therefore asked Mr. Galton, who has had

much experience in statistical researches, to examine
some of my tables of measurements, seven in number,
namely, those of Ipomeea, Digitalis, Reseda lutea,
Viola, Limnanthes, Petunia, and Zea. Imay 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 thess state-  and Plants under Donestiotion”
menis, il elorevces, may bo  clap. syik, 20d edit, 1875, voi
foundin my * Variation of Animals . p. 100
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age, were subjected from first to last to the same
conditions, 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 no
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 sets 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 ome of the shorter series
of plants, say of Zea mays, for an example.”

Zea mays (young plants).

AmmaxorD 1 Oxorn o MAONITODE.
&s recarded by e, Darwin.
In Sepurste Pota. || In a Single Seies
Gumal| w [ m | v [ v || v | ve | v
Gross. | Selftert | Cromed. | Sifor. | Grose. | Selfert. i
Inches, | Inches | Inches, | Inches. | Tnches. | Inches.
23 | 173 | 283 | 20f 203
vot1, | 12" | 204 f| a1 | 20 20
a1 |20 § 13 | 1 20
| 18¢
2 o |n | u
Pot L, 19} | 183 | 219 | 18§ 181
a1y | 18§ | 19f | 18§ 18
18
22y | 18g | 283 | 18§ 18
20§ | 158 | 22f | 18 173
pormt | 18§ | 16§ | 21§ | 164 [ 209 | 16§
o1y | 18 | 208 | 163 [ 19§ | 103
28f | 163 | 18f | 157 || 183 | 15§
1 | 1
T
Pot IV. 12g | 22 | 18
153 | a1’ | 15¢
183}, e ‘ 12}
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“The observations as I received them aroshown in columns L.
and I1L, 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. We now see, with fow exceptions, that the

plant on the crossed side in each pot exceeds the largest plant
on the self-fertilised sido, that tho seccond exceods tho second,
the the third, and so on. Out of the fifteen cases in the
tablo, thero are only two exceptions to this rule. We may
therefore confidently affirm that a erossed series will always
he found to exceed o self-fertilised series, within the range of
the conditions under which the present experiment has been
made”

Pot. | Crossed. | Seltfert. | Diffrence

% 183 | 195 | +0p
1. 20 [ 19 | -13
L. 2y | 163 [ -4

. 19§ | 16 | -3

“Next as regards the numerical estimate of this excess. The
‘mean values of the several groups are o discordant, as is shown
B ik ity poscoe numecinl ksl
scems. But the consideration arises, whether the
difference between pot and pot may not be of much the samo

s that of the other conditions npon which

justifies us
muidmng its mean as perfectly reliable. I have protracted
these measurements, and revised them in the usual way, by
m‘.mthwuahth‘m\nl.h‘ﬁae hand, but the re-
‘modifies the means derived from the original
: ah-nﬁm In the present, and in nearly all the other cases,
difference between the original and revised means is under
Ip‘o-n. B i, Tha very remarkablo coincidenco

o
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that in the seven kinds of plants, whose measurements T have
examined, the ratio between the eights of the crossed and of
the self-fertilised ranges in five cases within very narrow limits.
In Zea mays it is as 100 to 84, and in the others it ranges
between 100 to 76 and 100 to 86"

“The determination of the variability (measured by what is
technically called the *probable error’) s a problem of more
delicacy thran that of determining the means, and T doubt, after
making many trials, whether it is possible to derive useful
conclusions from these few observations. We ought to have
‘Measurements of at least fifty plants in cach case, in order to
bo in a position to deduce fair results. One fact, however,
bearing on variability, s very evident in most cases, though not
in Zea mays, viz,, that the self-fertilised plants include the
larger number of exceptionally small specimens, while the
crossed are more generally full grown.”

“Those groups of cases in which measurements have been
made of a few of the tallest plants that grew in rows, each of
which contained a multitude of plants, show very clearly that
the crossed plants exceed the self-fertilised in height, but they
do not tell by inference anything about their respective mean
valnes. If it should happen that.a series is known to follow
the law of error or any 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 1o such method to be applicable in the
present case. The doubt as to the number of plants in cach row
18 of minor importance; the real difficulty lies in our ignorance
of the precise law followed by the serics. The experience of
the plants in pots does not help us to determino that law,
Decause the observations of such plants are too fow to enable
us to lay down more than the middle terms of the series to
‘which they belong with any sort of accuracy, whereas the cases
we are now considering refer to one of its extremitics. There
are other special difficultios which need not be gone into, as the
one already mentioned is @ completo bar.”

Mr. Galton sent mo at the same time graphical
representations which he had made of the measure-
ments, and they evidently form fairly regular curves,
He appends the words “very good ” to those of Zea and
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‘Limnanthes. He also caleulated the average height
* of the crossed and self-fertilised plants in the soven
tables by a more correct method than that followed
y-., 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 difference in
‘results is in one way highly satisfactory, for
average heights of the self-fertilised plants, as
deduced by Mr. Galton, is less than mine in all the
k excepting one, in which our averages are
and this shows that I have by no means
exaggerated the superiority of the crossed over the

g
the heights of the crossed and self-fertilised
had been taken, they were sometimes cut down
o the ground, and an equal number of both
This method of comparison gives very

the relative periods

them,—and of

number of seed-

of the average
tained.

hen I began my experiments I did not intend to
crossed and self-fertilised plants for more than a
e generation ; but as soon as the plants of the
¥ ration were in flower I thought that I would
one more generation, and acted in the following
n Beveral flowers on one or more of the self-
d plants were again self-fertilised ; and several
c2
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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 lot. 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
descended 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 lated plant—that is, one bel toa
distinet 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 having been grown under closely similar
conditions. T 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.

T 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 raised 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 distinet
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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 and 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

tion to as nearly similar and uniform conditions as
was possible. In 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 wero
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therefore not exposed during successive years to such
great vicissitudes of climate as are plants growing out
of doors.

On some apparent and real Causes of Error. in my Ea-
periments.—1It 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 T could judge by the appear-
ance of the plants and by comparing their fertility with
that of neighbouring uncovered plants, it wouid 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 insects as 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 aslight one, When
two or more plants were placed near one another
under the same net, as was often done, there is some
real though mot 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 net. 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 distinet plant, crossed seedlings would have
been included amongst the self-fertilised ; but it should
Ile especially observed that this occurrence would tend

and not to increase any superiority in
:wnge 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

imes failed to fertilise them and
that they were ly self-fertilised.
This would have been most likely to occur with dlcho-
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-
hwm-nndthmnnnh.hemgmawumtm,
A the flowers would then have been crossed as was
intended. Nevertheless, it is highly probable that
self-fertilised udhng: have sometimes by this means
incls d seedlings. The effect
would bo.umthhmreue,nmeoenggenw
but to diminish any average superiority of the crossed
over the seli-fertilised plants.

Errors arising from the two causes just named, and
from others,—such as some of the sceds not having
been thoroughly. ripened, though caro was taken to
avoid this error—the sickness or unperceived injury of
uyof the plants,—will have been to a large extent

ted, 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 have
been climinated 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 samo time. The same result will
have been gained in the several cases in which only a
few of the tallest, finest, and healthiest plants on each
side of the pots were measured.

Kolreuter and Girtner® 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.
1 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-
fertilised 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,f 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

* ‘Kenntuiss der Bofruc m. 1. p. 27.
tung? 1844, p. 845, Nuwdin, 1 “Trunsictions Philosophical
“Nourelles Archives du Muséum oo, 1853, pp. 238-258.
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placed on one side of the large stigma in sixty-four
flowers of Ipomea 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 yiclded
sixty-three capsules, and excluding one from the same
cause as before, the remainder contained on an average
5°129 seeds. 8o 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 79+ 67 grains, whilst 170 seeds from the
flowers with very little pollen weighed 7920 grains.
Both lots of seeds having been placed on damp sand
:-uhd in their rate of germination.

‘e may therefore conclude that my experiments were
not affected by any slight difference in the amount of
p!h used ; a sufficiency having been employed in

The order in which our subject will be treated in
the present volume is as follows. A long series of ex-
i will first be given in Chapters IL to VL.
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 ecither 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 tho details; though they
possess, I think, some value, and camnot bo all sum-
marised. But I would suggest to the reader to take
as an example the experiments on Ipomeea in Chapter
IL; 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
Canna, 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 foge-
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
have 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 the higher animals, and are theres
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fore well-fitted to throw light on the nature and extent
the good effects of crossing, and on the evil effects
elose interbreeding or self-fertilisation. The most
 important conclusion at which I have arrived is that
mere act of crossing by itself does no good. The
depends on the individuals which are crossed

g slightly in constitution, owing to their pro-
having been subjected during several genera-

1o 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 us the benefit derived from slight changes in the
d ons of life, and this stands in the closest con-
with life itself. It throws light on the origin of

0 sexes and on their separation or union in the

and lastly on the whole subject of

is one of the greatest obstacles to the

» and progress of the great principle
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CHAPTER IL
(CoNVOLVULACEE.

Tpoma purpurea, comparison of the height and fertility of the
crossed and self-fertilised plants during ten successive generations
—Greater constitutional vigour of the crossed plants—The effects

& fresh stock—The d—mdmh of the -.lu.nm—d plant nam
‘Hero—Summary on the growth, vigour, and fertility of the m-
cessivo crossed ‘and self-fertilised generations—Small amount of
pollen in the anthers of the self-fertilised plants of tho later genera-
tions, and the sterility of their first-produced flowers—Uniform
colour of the flowers produced by tho self-fertilised plants—Tho
advantage froma cross between two distinet plants depends on their
differing in constitution.
A PLANT of Tpomaa purpurea, or 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 distinct plant. The fertilisation of
the flowers with their own pollen was superfluous, as
this convolvulus is highly self-fertile; but I acted in
this 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-f fmhsed seeds obtained in the above

B itoi fn the Tnizoduotion, on the opposito siles of
two pots. Five pairs were thus planted ; and all the remaining
sceds, 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
severo competition. Rods of iron or wood of equal diameter
were given to all the plants to twine up; and as soon as one of

_each pair reached the summit both were measured. A single

fodwa placd o eah sido of the crowded. pot, No. TIL, and
only the tallest plant on each side was measured.

Tasin L (First Generation))

P pre——
soare | SRR SR,
= =
i 874 69
874 66
| 89 ke
n 88 684
# al
L. w 57
P ;e
s
RS
Total in inches. 516 894

The averago height of the six crossed plants is here 86 inches,
whilst that of the six sclf-fertilised plants is only 6566 inches,
50 that the crossed plants are to the self-fertilised in height as
100 o 76. 1t should be observed that this difference is not duo
10 8 few of the crossed plants being extremely tall, or to a fow of
the self-fertilised being extremely short, but to all the crossed
plants attaining o greater height than their antagonists. The
Hhree pairs in Pot L. wero measured at two earlier periods, and
the difference was sometimes greater and sometimes less than that
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at the final measuring. But it is an interesting fuct, of which T
have seen several other mahnm, that one of the self-fertilised
plants, when nearly a foot in height, was half an inch taller

13 inch taller, bat during the ten subsequent days the crossed
plant began to gain on its antagonist, and over afterward asserted
its supremacy, until it exceeded its self-fortilised opponent by
16 inches.

The five crossed plants in Pots I. and IL were covered with a
net, and produced 121 capsules; the five self-fortilised plants
produced eighty-four capsules, so that the numbers of capsules
were as 100 to 69. Of the 121 capsules on tho crossed plants
sixty-five were the product of flowers crossed with pollen from &
distinet plant, and theso contained on an average 5-23 sceds per
espele; tho’ remanicg fifisix ospenen wero spontanecuuly

Af-ertilised. Of the eighty-four capsules on the self-fertilised
plants, al tho product of renewed self-fertilisation, fifty-five
(whlch were alone examined) contained on an average 4'85

seeds per capsule. Therefore the cross-fertilised capsules, com-
pared with the self-fertilised capsules, yielded seeds in_the
proportion of 100 to 93. The crossed seeds were relatively
heavier than the self-fertilised seeds. Combining the above
data (i.c., number of capsules and average mumber of contained
soeds), the crossed plants, compared with the self-fertilised,
yielded seeds in the ratio of 100 to 64.

These crossed plants produced, as already stated, fiffy-six
spontancously self-fertilised capsules, and the self-fertilised
plants produced twenty-nine such capsules. The former con-
tained on an_ average, in comparison with the latter, seeds
in the proportion of 100 to 9

Tn Pot 141, on the opposite sides of which a large number of
crossed and self-fertilised seeds had been sown and the seed-
lings allowed to struggle together, the crossed plants had at
first no great advantage. At one time the fallost crossed was
25 inches high, and the tallest self-fertilised plants 213. But
the difference afterwards became much greater. The plants on
both sides, from being so crowded, were poor specimens. The
flowers were allowed to fertilise themselves spontanconsly under
a net; the crossed plants produced thirty-seven capsules, the
self-fertilised plants only cighteen, or as 100 o 47. The former
contained on an average 3-62 sceds per capsule; and the latter
888 seeds, or as 100 10 93, Combining these data (i.c., number
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K and averago munber of seeds), the crowded crossed
produced seeds compared with the self-fertilised as 100
to 45 These latter seeds, howover, were decidedly heavier, a
weighing 4164 grains, than those from the capsules
the crossed plants, of which a hundred weighed 3679 grains;
u ptohbly was due to the fewer capsules borne by the
ts having been better nourished. Wo thus see
it the crossed plants in this the first generation, when grown
der favourablo donditions, and when grown under unfavour-
conditions i i

0 by pollen from distinct plants of the same genera-
flowers on the self-fertilised plants were fertilised by

m the same flower. The seeds thus produced were

¥ respect as before, and we have in Table IL.

1L (Second Generation.)

| CrowaPanes | seitsertiod Panes

Pot
I height of 804 inches, was for a long timo
crossed plant, though at last beaten by
the six crossed plants is 84- 16mchu,
dz-u-m:udpum. 6633 i

 Plants of the Third Generation.—Sceds
Mcmmanmm('hblun) again
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crossed, and from the self-fertilised plants again self-fertilised,
were treated in all respects exactly as before, with the following
result :

It :—

Tasue IIL (Third Generation.)

No. of Pt La—-m.-. Seltforilised Piata.
Tnches. Inches.
5 7% 564
72 513
| 34 54
1L 82 59
81 30
82 66
Total faches. ’ 4845 770

Again all the crossed plants are higher than their antagonists:
their average height is 7741 inches, whercas that of the self-
fertilised is 52°83 inches, or as 100 to 68. ‘

1 attended closely to the fertility of the plants of this third
generation. 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, 4°73 seeds; whilst thirty flowers on the self-fertilised
plants, fertlised with the pollen from the same flower, produced
twenty-threo capsules, each containing 443 sceds. Thus the
average number of seods in the crossed capsules was to that in
the self-fertilisod capsules as 100 to 94 A hundred of the
crossed seeds weighed 43-27 grains, whilst a hundred of the self-
fertilised seeds weighed only 37-63 grains. Many of these lighter
self-fertilised sceds placed on damp sand germinated before the
erossed; thus thirty-six of the former germinated whilst only

tho three crossed plants produced spontancously under the net
(besides the twenty-six artificially cross-fertilised capsules)
seventy-seven self-fertilised capsules containing on an average

avarage 4-14 scods. Therefore tho average number of seeds
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- 100 to 94. Taking into consideration the number of capsules
hgnﬂ:ar with the average number of sceds, the crossed plants
) produced seeds in ison with

) in the
mporhon of 100 m 35 By whatever method the fertility of
 theso 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 nlfarty—e:g,ht ‘Thours, four crossed seeds in the same state

1 wero planted on the opposite side; and the pot

kept in the hothouse. I thought that the advantage thus
wub the self-fertilised seedlings would have been so great
 that they would never have been beaten by the crossed ones.
were not beaten until all had grown to a height of 18
‘ul the degree to which they were finally beaten is
ﬁlﬂw!nghbls (No.IV.). We here sce that the
) four crossed plants is 7662, and of the
phnb 65 87mches,oru100w88 there-
: when both sides started fair.
1 M the self-fertilised Plants laving
start of forty-eight hours.)

Land self-fertilised sceds of the third generation were
ot of doors lat i the summer, and thercforo undor
5, and a single stick was given {o each
to twine up. The two lots were sufficiently

0108 ot t0 interfers with cach ofher's grovwth, and thy
clear of weeds.  As soon as they were killed by the
there was 10 differenco in their hardiness), the

st crossed plants were found to be 24-5 and 225 inches,
D
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whilst the two tallest self-fertilised plants were only 15 and
12-5 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 coverod with
weeds. The erossed seedlings from the first looked the most
healthy, but they twined up a stick only to a height of T4 inches;
whilst the self-fertilised were not ablo to twino at all; and the

of them was only 3} inches in height.

Lastly, two lots of the sume seeds were sown in the midst of
a bed of candy-tuft (Tberis) growing vigorously. The seodlings
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 tho other hand, survived;
and some twined up the stems of tho Theris to the height of
11 inches. These cases prove that tho crossed scedlings
have an jmmense advantage over the self-fertilised, both when
growing isolated under very unfavourable conditions, and when
puthwempaﬁﬁmwithuchathuotwith other plants, as
would happen in a state of nature.

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

Tavie V. (Fourth Generation.)

ey et
Inches. Inches, |
L 84 80
“i

L. 8 3,
2 51

L. 8 | 564
653 63
| 88 [ 52

Total inches. 4885 ' 421°0

Here 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 tho self-fertilised plants was for
& long time taller by two inches than its opponent, but was
ultimately beaten by it, so that all the crossed plants exceeded
their opponents in height. Of twenty-cight capsules produced
by the crossed plants fertilised by pollen from a distinet plant,
cach contained on an average 475 sceds; of twenty-seven self-
fertilised capsules on the self-fertilised plants, each contained
on an average 447 seeds; so that the proportion of seeds in the
crossed and self-fertilised capsules was as 100 to 94.

Some of the samo seeds, from which the plants in the last
Table V. had been raised, were planted, after they had germi-
nated on damp sand, in a square tub, in which a large Brug-
mansia had long been growing. The soil was extremely poor
and full of roots; six crossed seeds were planted in one corner,
and six self-fertilised seeds in the opposite comer. All the

ings from the latter soon died excepting one, and this grew
1o the height of only 1} inch. Of the crossed plants three
survived, and they grew to the height of 2§ inches, but were not
able to twine round a stick; nevertheless, to my surprise, they
produced some small miserable flowers. The crossed plants
thus had a decided udvnmxge over the self-fertilised plants
" under this extremity of bad conditions.
Crossed and self-fertilised l’l\mtu of the Fifth Generation.—These

i
 were raised in tho same manner as before, and when measured
. gave the following rosults:—
3 TaBik VL (Fifth Generation.)
d NoofPot | CresdPans, | Slbfrtion Pans
d 1 ITuches, " Tnches
L | 96 7
8 78
6 2
1L 8 51
ot 8
| 59
‘Total inches. | '7:;14-00
!

The averago height of the six crossed plants is 82-54 inches,
D2
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and that of the six self-fertilised plants 62-33 inches, or as 100
to 75, Every crossed plant exceeded its antagonist in height.

capsules than did the self-fertilised plants; and the capsules of
the former contained on an average 887 seeds, whilst those of
the latter contained only 80 per capsule, or as 100 to 89. But

sules were the more fertile of the two, and of this unusual fact
1 can offer no explanation,

Crosed and sif-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
sido; but as two of the self-fertilised becamo extremely un-
healthy and never grew to near their full height, these as well
as their opponents have been struck ont of the list. 1f they had
been retained, they would have made the average height of the
erossed plants unfairly greater than that of the self-fertilised.
1 have acted in the same manner in a fow other instances, when
one of a pair plainly became very unhealthy.

TasLx VIL (Sisth Generation.)

P e

The average height of the six crossed plants is here 87+5, and
of the six self-fertilised plants 6316, 0ras 100 to 72. This large
difference was chiefly due to most of the plants, especially the
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self-fertilised ones, having become unhealthy towards the close
of their growth, and they were severely attacked by aphides.
From this cause nothing can bo inferred with respect to their
relative fertility. In this generation we have the first instance
of & self-fertilised plant in Pot IL. exceeding (though only by
half an inch) its crossed opponent. This viciory was {mﬂy won
aftera longstruggle. At first the self-fertilised p

inches taller than its opponent, but when tho latter was 43
feet high it had grown oqual; it then grew a littlo 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 caso that I saved the sclf-fertilised seeds of
this plant, which T will eall the “ Hero,” and experimented on
its descendants, as will hereafter bo described.

Besides the plants included in Table VIL, nine crossed and
mine 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
mever quite recovered. After a fortnight only two of the nine
self-fertilised seedlings wore alive, whilst seven of the crossed
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 wosee how much
‘more vigorous tho crossed plants are than the self-fertilised.

Crossed and self fertilised Plants of the Seventh Generation.—
These were raised as heretofore with the following resulti—

TaBrE VIIL (Seventh Generation.)

No. of Pot. Crossed Plants, | Self-ferilised Plants,
Tnches.

L
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Fach of these nino crossed plants is higher than its opponent,
though in one case only by throe-quarters of an inch. Their
average height is 394 inches, and that of the self-fertilised
plants 6825, or as 100 to 81. These plants, after growing o
their fall height, became very unhealthy and infosted with
aphides, just when the seeds were setting, so that many of the
capsules”failod, and nothing can be said on their relative
fertility.

Crossed and self-fertilised Plants of the Eighth Generation—As
just stated, the plants of the last generation, from which the
present ones wero raised, wero very unhealthy and their seeds
of unusually small size; ‘and this probably accounts, through
abnormal premature growth, for the two lots behaving dif-
forently to what they did in any of tho previous or succeeding
generations. Many of the self-fortilised seods germinat
the ones, and

measured. When they
had acquired an averago height of 298 inches, that of the
self-fertilisod plants was 4068, or as 100 to 122. Morcover,
every ono of the self-fertilised plants, with a single exception,
exceeded its crossed opponent. When, however, the crossed
plants had grown
just excoeded (viz.,
e e

their erossed opponents. T was so much astonished at this whole
case, that I tied string to tho summits of the rods; tho plants
being thus allowed to continue climbing upwards. When their
growth was complete they were untwined, stretehed straight,
and measured. The crossed plants had now almost regai
their accustomed superiority, as may be scen in Table IX.

‘The average height of the eight crossed plants is here 11325
inches, and that of the self-fertilised plants 9665, or as 100 to
85, w0 of tho self-fertilised plant ‘bo soen

in the table, wero still higher than their crossed opponents.
The latter manifestly had much thicker stems and many more
Tateral branches, and looked altogether more vigorous than the
self-fertilised plants, and generally flowered before them. The
earlier flowers produced by these self-fertilised plants did not
set any capsules, and their anthers contained only a small
amount of pollen; but to this subject I shall return. Neverthe-
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less capsules produced by two other self-fertilised. plants of the
same Iof, not incnded in Table IX,, which had been highly
favoured by being grown in separate pots, contained the large
average number of 51 sceds per capsule.

Tasun IX. (Fighth Generation.)

' No.of Pot. Crosscd Plants, | Self-ferilised Plants,

Inches,

Crossed and self-fertilised. Plants of the Ninth Generation—

he plants of this generation were raised in the same manner
Tefore, with the result shown in Table X.

fourteen crossed plants average in height 81-39 inches

the fourteen sclf-fertilised plants 64-07, or as 100 to 79.

self-fortilised plant in Pot T11. exceeded, and one in Pot IV.

ed in height, its opponent. The self-fertilised plants

d no sign of inheriting the precocious growth of their

rents; this having been due, as it would appear, to the

mmal state of the sceds from the unhealthiness of their

ts. The fourteen self-fertilised plants yielded only forty

sly self-fertilised capsules, to which must be added

the product of ten flowers artificially self-fertilised. On

other hand, the fourteen erossed plants yielded 152 spon-

yusly self-fertilised capsules; but thirty-six flowers on these

were crossed (yielding thirty-three capsules), and these

would probably have produced about thirty sponta-

Iy self-fortilised capsules. Therefore an equal number

crossed and self-fertilised plants would have produced

es in the proportion of abont 182 to 47, or as 100 to 26.

x phenomenon was well pronounced in this generation,

T believo had occurred previously to o slight extent ;
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namely, that most of the flowers on the self-fertilised plants
re 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 mors
et AT B R bl owe, oty had
come in some degree sterile.*

Tapie X. (Ninth Generation) .
Nooofoh | Cross Pams. | stseind s
T bam | hae
e e 57
851 71
i 83 a8y
. | | 45
431
384
o n | o
85 7
61

V. | a9y
Crowded plants. | 92
| 02
|

Total inches.

Crossed and self-fertilised Plants of the Tenth Generation—Six
plants were raised in the usual manner from the crossod plants
of the last generation (Table X.) again intercrossed, and from
the self-fertilised aguin self-fertilised. As one of the crossed
plants in Pot T. in the following table became much diseased,
having erumpled leaves, and producing hardly any capsules, it
and its opponent have been struck out of the table,

* oo on s subjest Vaciation  Domestioaton,! chap. v
of Animals and Plants under  edit. vol i, p. 152, b

© The Complete Work of Charles Darwin Online



#.IL FLOWERS ON SAME PLANT CEOSSED. 41

Tapie XL (Zenth Generation.)

No.of Pot. Crosed Plants. | Self-fortlsed Plants.

L

3

L 87 5,
894 4

105 65§

Total inches.

five crossed plants averago 93-7 inches, and the five self-

d only 504, or as 100 to 5% This difference, however,

s 50 great that it must bo looked at as in part accidental. The

omed plaats (th dieasod ano hero ncluded) yicded spon-

ly 101 capsules, and the six self-fertilised plants 88,

being chicfly produced by one of the plants. But as

d plant, which yielded hardly any sced, is here included,

atio of 101 to 88 does not fairly give the relative fertility

 two lots. The stems of the six crossed plants looked so

finer than those of the six solf-fertilised plants, that after

had been gathered and most of tho leaves had fallen

¥ were weighed. Thoso of the crossed plants weighed

whilst those of tho self-fertilised plants weighed

78 grains, or as 100 to 44; but as the and

d crossed plant is here included, the superiority of the
in weight was really greater.

 Effcts on the Offspring of erossing different Flowers
same Plant, instead of crossing distinet Individuals.

all the foregoing experiments, seedlings from
erossed by pollen from a distinet plant (chough
later generations more or less closely related)
t into competition with, and almost invariably

nﬁhdly superior in height to the uﬂ'sprmg

flowers. I wished, therefore, to
whether a cross between two flowers on the
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, which were covered with a net; and several
of their flowers were crossed with pollen from a dis-
tinct flower on the same plant. Twenty-nine capsules
thus produced contained on an average 486 seeds per
capsule; and 100 of these seeds weighed 3677 grairis.
Several other flowers were fertilised with their own
pollen, and twenty-six capsules thus produced con-
tained on an average 4-42 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
seeds 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
80, 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
Table XII

The average height of the thirty-one crossed plants s
7323 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-fertili
plants exceed their opponents. A record was kept wif
respect to the plant which flowered first in each pot;
and only two of the crossed flowered before one of
self-fertilised in the same pot; whilst eight of the
fertilised flowered first. It thus appears that
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Tasie XIL
Crosied Plants. | Selffntlised Plauts,
L 82
75
6 6
| 6 871
1. 84 8
1 43 864
654 90§
i L. 61§ 86
8 694
8 7§
. 804
34 884
& 81
. 8 6
769 7
57 81
L. 704 8
79 824
79§ 55§
i VIL 76
814
e 9
Vi, 3
o
83
i 783
e I 824
plants. £ 30§
84 6
ki 7 75
Total inches. 227025 239975
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crossed plants are slightly inferior in height and in
earliness of flowering to the self-fertilised. But the
inferiority 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 and
weighed them. The twenty-seven crossed plants
weighed 16} ounces, and the twenty-seven self-fer-
tilised plants 20} ounces; and this gives a ratio of
100 to 124.

A self-fertilised plant of the same parentage as those
in Table XIL had been raised in a separate pot for a
distinct 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
four self-fertilised plants averaged 848 inches ; or as.
100 to 108.* This case, therefore, confirms the last.
Taking all the evidence together, we must conclude:
that these strictly self-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 wone
derful contrast with those derived from a cross between
two distinet individuals.

* From ono of theso self-ferti- an averago only 32 seeds per
lod. plests, spoutansonty slf:  capele; o ;llmlulhh plant h:
fertilised, twent apparently inherited some

uxhlnd on  sterility of its parent
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The Effects on the Offspring of a Oross with a distinet
or fresh Stock belonging to the same Varicty—From tho
o foregoing series of experiments we see, firstly, the
effects during several successive generations of
cross between distinet plants, although these were
some degree inter-related and had been grown
nder nearly the same conditions ; and, secondly, the
e of all such good effects from a cross between
s on the same plant; the comparison in both
es being made with the offspring of flowers fertilised
their own pollen. The experiments now to be
show how powerfully and beneficially plants,
ich have been intercrossed during many successive
nerations, having been kept all the time under
ely uniform conditions, are affected by a cross with
er plant belonging to the same variety, but to a
family or stock, which had grown under dif-
rent conditions.

flowers on the crossed plants of the ninth generation

crossed generation, and I will call them the  intercrossed
#  Several other flowers on the same crossed plants of
‘ninth generation were fortilised (not having been castrated)
‘pollen taken from plants of the same variety, but belonging
ot fanily, which had boen grown in v distant

ut this, T think, must have been aceidental.
Taised from them 1 will call the  Colclester-crossed.” The
two lots of sceds, after germinating on sand, were planted in
he usual manner on the opposite sides of five pots, and the
ining seeds, whether or not in a state of germination,
sown on the opposite sides of a very large pot,

n., in’ Table XITL In threo of the six pots, after the
plants a short way up their sticks, one of the
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‘
Colchester-crossed plants was much faller than any one of
the intercrossed plants on the opposite sido 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, becamo much diseased, and were,
together with their intercrossed opponents, rejected. Tho
remnining nineteen plants, when almost fully grown, wero
‘measured, with the following result:—

Tavre XIIL

Colchetercromed Intercrosod Plauts of
B W Plants, | the Tenth Generation.

VI
Crowded plants tna
ery large pot.

Total inches. 150650 ‘ 124975

In sixteen out of these nineteen pairs, the Colchester-crossed
plant exceeded in height its intercrossed opponent. The average
height of the Colchester-crossed is 84-03 inches, and that of
the intercrossed 6578 inches; or as 100 to 78. With respect
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 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

pots, V. and VL, and in these the Colchester-crossed

d 269 mature and half-mature capsules, whilst an equal

er of the intercrossed plants produced only 154 capsules ;

oras 100 to 57. By weight the capsules from the Colchester-

d plants were to those from the intercrossed plants as

t051; 5o that the former probably contained a somewhat
rger average number of seeds.

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

78, and in fertility as 100 to 51.

Descendants of the self-fertilised Plant, named Hero, which
d in the Sicth selffertlised Generation.—In the five genera-

fo wero thereforo fertilised with their own pollen, and the
thus raised were put into competition with self-fer-

e hroe lots o sccdlings thus all belong to the seventh genora-
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tion. Their relative heights are shown in the two following
tables :—

TarLe XIV.
——
S R
roame | RIS AT
Inches. | Inches.
T 74 | 890
. i
i 92 | 82
91 { 56
74 | 38
e | y

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,

Tapts XV.
| Sttt plasts |
Interrossed Plants of
No.ofPor. | the Seventh Geve- | MipCvtuut Gone-
[ o
R Inches.
L. | 92 76§
{ S
. 87 89
874 864
Total inches. ‘ 26675 25250

Hero the avorage height of the threo selt-fertilised children of
Hero is 88°91 inches, whilst that of the intererossed plants is
84-16; or as 100 to 95. We thus seo that tho sclf-fertilised
children of Hero certainly inherit the powers of growth of their
parents; for they greatly exceed in height the self-fertilised
oftspring of the other self-fortilised plants, aud oven excood
by a trifie the ‘plants,—all of the
generation.
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flowers on the self-fertilised children of Heroin Table
. were fertilised with pollen from the same flower; and from
seeds thus produced, solf-fortilised plants of the eighth
ration (grand-children of Hero) were raised. Several other
rs on the same plants were crossed with pollen from the other
n of Hero. The seedlings raised from this cross may be
ed as the offspring of the union of brothers and sisters.
o xesult of the competition between these two sets of seedlings
Iy self-fertilised and the offspring of brothers and sisters)

s given in the following table:—

Tasie XVL

| children of Hero, _cross between the self
No.of Pt ‘he et s Teined Children of
" Cldren.  Eighth | Hero.” Eighth Gene-
Generation: nifon.
Inches. Inches.
L 50 951
90 95}
I 9 85
i 9%
L. 3 803
6 82
i 81y 70}
. | 88} 661
84 15§
369 38
7 78y
V. 90} 82
90} 83
Total inches. 108700 07313

The average height of the thirteen self-fertilised grandchildren
of Hero is 7976 inches, and that of the grandchildren from a
eross between the self-fertilised children is 7485 ; or as 100 fo 94.

fraction of an inch, that of the self-
E
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fertilised plants. It is therefore clear that a cross between the

ilis ‘hildren of Hero did ial effect
‘worth notice ; and it is very doubtful whether this negative result
can be attributed merely to the fact of brothers and sisters ‘having
een united, for the ordinary intercrossed plants of the several
successive generations must often have been derived from the
union 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
strengthened, that Hero transmitted to its offspring a peculiar
constitution adapted for self-fertilisation.

It would appear that the self-fertilised descendants of Hero
have not only inerited from Hero a power of growth equal to
that of the ordinary intercrossed plants, but have become more
fertile when self-fertilised than is usual with the plants of the
present species. The flowers on the self-fertilised grandchildren
of Hero in Table XVL (the eighth generation of self-fertilised
plants) were fertilised with their own pollen and produced plenty
of capsules, ten of which (though this is too few a number for
safe average) contained 52 seeds per capsule,—a higher avernge
than was observed in any other case with the self-fertilised plants.
The anthers produced by these self-fertilised grandehildren wero
also as well developed and contained as much pollen as those on
the intercrossed 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 grandehildren 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 subject of fertility, I may add
that twenty-one self-fertilised capsules, spontancously produced
by the great-grandchildren of Hero (forming the ninth generation
of self-fertilised plants), contained on an average 447 seeds; and
this is as high an average as the self-fertilised flowers of any
generation usually yielded,

Several flowers on the self-fertilised grandchildren of Hero in
Tablo XVL. were fertilised with pollen from the same flower; and
the seedlings raised from them (great-grandchildren of Hero)
formed the ninth self-fortilised generation. 1
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 intercrossed great-grand=
children.  And lastly, other flowers were fertilised with pollen
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r’luldinﬁwmek, and the md.linguthmniud may b

in the middle of winter, and in consequence of this the
g (twenty in number of each kind) became very unhealthy,
growing only a fow inches in height, and very fow to their
r height. Tho result, therefore, cannot bo fully trusted ;
Tn
rago as possible, I first excluded all
he plant undor 50 uches in  hght thos ook il e ioet

luded. Nor again when all the plants, however much
and unhealthy, were included. In this latter case the

ts had boen in any marked manner superior to the other

have been, T cannot but think that some vestige of such
would have been evident, notwithstanding the very

thy condition of most of the plants. Noadvantags, as far
we can judge, was derived from intercrossing two of the
of Hero, any more than when two of the children

varied from the common type, not only in acquiring great
of growth, and inereased fertility when subjected to self-
tion, but in not profiting from a cross with a distinct
and this latter fact, if trustworthy, is a unique case, as
T have observed in all my experiments.

on the Grouth, Vigour, and Fertility of the
e Generations of the crossed and self-fertilised
2 qffpoma!a farpecs. together with some miscel-

: ihefollowmg L No XVIT ol average

mean heights of the ten successive generations of

@ intercrossed and self-fertilised plants, grown in
E2
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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.

Tasie XVIL
Tpomaa purpurea.  Summary of Measurements (in Tnches) of
the Ten Generations.

[Number, A ‘x-lu As Ratio herween.

of | Height |of Self- verage

Tieigues of
Fiani. | Pt | e it
Pl | Pt | Sl foriind

6 | %600 6 6566 [ul00to 76

Socond generation . . | 6 |84°16 | 6 [ 66:35 [as 100 to 79
“Table I1.

Third generation. . . | 6 |77-41| 6 [52°83 [as100 to 68
Table IIL. |

Fourth generation . .| 7 |69°78| 7 |60°14 fas 100 to 86
Table V.

Fifth generation . . .| 6 |82:54| 6 6233 fas 100 to 75
Table V1. |

Sisth generation, . .| 6 |87:50 | 6 6316 fas 100 to 72
Table VIi. |

Seventh generation . . | 9 | 8304 O | 08:25 fas 100 to 81
“Table VIIL | |

Fighth genoration . .| 8 (11325 8 |96:65 fus 100 to 85
Sable 1X. [ | ‘

Nioth generation . . | 18 | 81°39 | 14 | 64°07 as 100 to 78
‘Table X. | | |

Tenth generation . .| 5 | 9370 5 ‘ 50°40 [as 100 to 54
Table XI.

Al the teu generations A 6
e ton brpertions 73 584 73 | 6602 100 to 70
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 The mean height of the self-fertilised plants in

of the ten gencrations is also shown in the
ypanying diagram, that of the intercrossed plants
taken at 100; and on the right side we see
relative heights of the seventy-three intercrossed
ts, and of the seventy-three self-fertilised plants.
o difference in height between the crossed and

T endpactn ettt
n..m showing the mean heights of the crossed and self-fertilised
plants of Jpomza purpures in the ten generations; the mean height of the
erossed plants being taken as 100. On tho 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 anaverage 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 occurred 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.

In 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 mothing, 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 ions, and this was 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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were
it thus vitiated, as both Ms o plunts were exposed
to the same conditions, whether favourable or un-
ble.
- There is reason to believe that the flowers of this
'j'pamma, when growing out of doors, are habitually
Md by insects, so that the first seedlings which I
‘maised from purchased seeds were probably the offspring
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
Alowers ; and, secuudly, from the pln.nt.s raised from the
‘same lot of seed varying greatly in the colour of their
owers, for as we shall hereafter see, this indicates
‘much intercrossing.* It is, therefore, remarkable
that the plants raised by me from flowers which were,
i all probability, self-fertilised for the first time after
many generations of crossing, should have been so
- markedly inferior in height to the intercrossed plants
they were, namely, a5 76 to 100 As the plants
were 1f-fertilised in each
ecessarily became much more closaly interbred in
%_ e later than in the earlier generations, it might have
n expected that the difference in height between
and the crossed plants would have gone on in-
easing ; but, so far is this from being the case, that
e difference between the two sets of plants in the
enth, eighth, and ninth generations taken together
less than in the first and second generations together.
however, we remember that the self-fertilised
crossed plants are all descended from the same

_* Verlot says (“Sur I Produc- color, cannot be kept pure unless
des Variétés! 1865, p. 66) grown at a distance from all other
varieties of u. r.hmely varieties,
d plant, the Conrolrulus tri-
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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 slight 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 chango of temperature, or by grow'mg them,
under very
with full-grown plants of other kinds.

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 self-fertilised Plants

growing in competition with one another.—Sixty-five

capsules produced from flowers on five crossed plants

fertilised by pollen from a distinet plant, and fifty-five

capsules produced from flowers on five self-fertilised

plants fertilised by their own pollen, contained seeds

in the proportion of . . 100t0 93
Fifty-six spontaneously self-fertilised capsules on

the above five crossed plants, and twenty-five sponta-

neously self-fertilised capsules on the above five self-

fertilised plants, yielded sceds in the proportion of . 100 to 99
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~ Combining the total number of capsules produced
by these plants, and the average number of sceds in
each, the above crossed and self-fertilised plants
- yielded seeds in the proportion of . & i »
Other plants of this first generation grown under
nfavourable conditions and spontaneously self-ferti-
lised, yiclded seeds in the proportion of . . .
Third Generation of crossed and self-fertilised Plants,
—Crossed capsules compared with self-fertilised caj
- sules contained seeds in the ratio of . .
An equal number of crossed and self-fertilised
plants, both spontancously self-fertilised, produced
capsules in the ratioof . . . . .
And these capsules contained seeds in the ratio of .
Combining these data, the productiveness of the
erossed to the self-fertilised plants, both spontane-
ously selffertilised, was as . . . .,
Fourth Generation of crosed and self-fertilised Plants,
—Capsules from flowers on the crossed plants ferti.
lised 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 orossed and. self-fertilised Plants,
- —The erossed plants produced spontancously a vast
more pods (not actually counted) than the
self-fertilised, and theso contained seeds in the pro-
ion of

andself-feréilised Plants,

* Nith Generation :fn;a

with intercrossed Plants—The offspring of inter-
plants of the ninth generation, crossed by a
stock, compared with plants of the same stook
during ten gencrations, both sets of plants
uncovered and naturally fertilised, produced
Byweightas . . . . .

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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always in some degree more productive than the self-
fertilised 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 alone, or of both combined.
The relative superiority of the crossed plants is chiefly
due to their producing a much greater number of cap-
sules, and not to each capsule containing a larger
average number of seeds. For instance, in the third
generation the crossed and self-fertilised plants pro-
duced capsules in the ratio of 100 to 88, whilst the
seeds in the capsules on the crossed plants were to
those on the self-fertilised plants only as 100 to 94.
In the eighth generation the capsules on two self-
fertilised plants (not included in the above table),
grown in separate pots and thus not subjected to any
competition, yielded the large average of 5°1 seeds.
The smaller number of capsules produced 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 plants. The lighter seeds, whether pro-
duced from crossed or self-fertilised flowers, generally’
germinated before the heavier seeds. I may add that
the erossed 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 slf-etilsed 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
o the crossed and self-fertilised plants of the eighth
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 T 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 &
rich dark purple. So did all the plants, without any
 exception, in the three succeeding generations of self-
frtilised 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
er 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 erosses during several preceding generations,
in combination with the conditions of life having been
very uniform.

A plant appeared in the sixth self-fertilised genera-
tion, named the Hero, which exceeded by a little in
height 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 not 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 unk plants, the great hi raised
from i ing the il had no Tid
over the seedlings from the grandchildren the product
of continued self-fertilisation; and what is far more
remarkable, the great-grandchildren raised by crossing
the grandchildren with a fresh stock, had no advantage
over either the intercrossed or self-fertilised greate
grandchildren. It thus appears that Hero and its
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d differed in itution in an dis
manner from ordinary plants of the present species.
Although the plants raised during ten successive
generations from crosses between distinct yet inter-
related plants almost invariably exceeded in height,
constitutional vigour, and fertility their self-fertilised
opponents, it has been proved that seedlings raised
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
fact, which seems to indicate that self-fertilisation is
in some manner more advantageous than crossing,
unless the cross brings with it, as is generally the case,
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 seedlings from the intercrossed
plants of the ninth generation, when crossed with
llen 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 gene-
ration. We thus learn the important fact that the
mere act of crossing two distinet plants, which are
in some degree inter-related and which have been
long subjected to mearly the same conditions, does
ittle good as compared with that from a cross between
ts belonging to different stocks or families, and
Ihch have been subjected to somewhat different con-
We may attribute the good derived from
crossing of the intercrossed plants during the
ten successive generations to their still differing some-
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what in constitution or character, as was indeed proved
by their flowers still differing somewhat in colour.
But the several conclusions which may be deduced
from the experiments on Ipomaea will be more fully
considered in the final chapters, after all my other
observations have been given.
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CHAPTER IIL
SCROPHULARIACEE, GESNERIACEE, LABTE, ETC.

Tuteus; height, vigour, and fertility of the crossed and self-
d ylants of th. firstfour generations—A ppearance of &
l, and b Clrtle varioty—Offqging tom o crow

o o crom with  fresh shock

I purpurea, superiority of the c-m-al
Eflects of umuing Sowers ou the mume pent-Clesalarta
vulgaris— Verbuseun thapsus— Vondllia nummulari-

in the six following genera: Mimulus,
Calceolaria, Linaria, Verbascum, and Van-

1L mPHULABIACEE.—Mmmm LUTEUS.

‘agency of insects; and in the case of a closely allied
s, . roseus, 1 havo watched bees entering the flowers, thus
i Dacks well dusted with pollen; and when they
ed another flower the pollen was licked off their backs by
The ﬂom with much red have
been named by horticulturists as
var. Youngiana.

5ot ol oF Ghar s BanEn ne
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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
between the lips, theso open again after a time. Mr. Kitchener
has ingeniously explained * the use of these movements, namely,
to 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 fertiliso themselyes
perfoctly and produce p]mtyof seed; but T did not ascertain
whether this is effccted by tho stamens increasing in length
with advancing age, or by the bending down of the pistil. The
chief interest in my experiments on tho present species, lies in
the appearance in the fourth self-fertilised generation of &
variety which bore large peculiarly-coloured flowers, and. grow
o & Exsatin Lkt e i ; 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 Tpomea.

Some flowers on one of the plants raised from the purchased.
sceds were fertilised with their own pollen; and others on the
same plant were crossed with pollen from a distinet plant. The
sceds 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 self-fertilised capsules. But when
seeds were weighed, those from the crossed capsules am
to 102 grain, whilst thoso from the self-fertilised ca
were only ‘81 grain; 5o that the former wero cither heavier
more numerous than the latter, in the ratio of 100 to 79.

Crossed and self-fertilised Plants of the First Gieneration.—Havi
ascertained, by leaving crossed and self-fertilised seed on
sand, that they germinated simultancously, both kinds
thickly sown on opposite sides of a broad and rather shall
pan; so that the two sets of seedlings, which came up
same time, were subjected to the same unfavourable condi
‘This was a bad method of treatment, but this species was one
the first on which T experimented. When the crossed

s

* <A Year's Botany,’ 1874, p. 118,
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on an average half an inch high, the self-fertilised ones
only a quarter of an inch high.  When grown to their full
sight undr the above unfavourable conditions, the four tallest
weraged 7-62, and the four tallest self-fertilised

; oras100to77. Ten flowers on the crossed

were fully expanded before one on the self-fertilised

uts. A fow of these plants of both lots were transplanted
oa large pot with plenty of good earth, and the self-fertilised
1ot now being subjected to severe competition, grew

ring tho following year as tall as the crossed plants; but
 case which follows it is doubtful whether they would

IIL OROSSED AND SELF-FERTILISED PLANTS.

ro crossed with pollen from another plant, and the capsules
produced contained a rather greater weight of seed than
os6 on tho self-fertilised plants again self-fertilised.
] and self-fertilised Plants of the Second Generation.
the foregoing plants, fertilised in the manner just stated,
sown on the opposite sides of & small pot (L) and came up
ded. The four fallest crossed scedlings, at the time of
ng, averaged 8 inches in height, whilst the four tallest
jsed plants averaged only 4 inches. Crossed seeds
sown by themselves in a socond small pot, and solf-
d seeds wero sown by themselves in a third small pot;
0 that there was no competition whatever between these two
Nevertheloss the crossed plants grew from 1 to 2
higher on an average than the self-fertilised. Both lots
d equally vigorous, but the crossed plants flowered earlier

od produced only nineteen. 'The contents of twelve
from the crossed flowers on the crossed plants, and
il lowers on i
fs, were placed in separate watch-glasses for comparison ;

ad tho crossed seeds scemed more numerous by half than tho

tlised
plants on both sides of Pot T, after they had seeded,
cut down and transplanted into a large pot with plenty of
carth, and in the following spring, when they had grown

o height of between 5 and 6 inches, the two lots were equal,
occurred in a similar experiment in the last generation.

But after some weeks the crossed plants exceeded the self-

¥

- © The Complete Work of Charles Darwin Online



erossed and produced twenty capsulos; ten of which contained
1-38 grain weight of seeds. ~Thirty flowers on the self-fertilised
plants were again self-fortilised and produced twenty-six
capsules; ten of the bost of which (many being very poor) coni

weight.
The superiority of the crossed over the self-fertilised plants
‘was proved in various ways. Self-fertilised seeds were sown on

‘whilst the two tallest self-fertilised plants were only 8 and
inches high.
Ina third pot, crossed seeds wero sown four days afte:

wero only 11 and 8} inches in height; or as 100 to 75.
two lots were allowed to fortiliso themsolves spontancously
crossed plants produced a large number of capsules, whilst
self-fertilised produced very few and poor ones. The
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wers sown four days after the self-fertilised seeds.
* Lastly, seods of both lots wero sown on opposite sides of &

seedlings had an advantage at all times, and ultimately
to.a height of 3} inches, whilst the self-fertilised seed-

our of the crossed over the self-fertilised plants.
 In the three generations now described and taken together, tho
‘average height of tho ten tallest crossed plants was 8-19 inches,
that of the ten tallest self-fertilised plants 5-29 mohm (the

s having been grown in small pots), or as 100 to
R 6 ezt o tourth s fertlinad gonoration, e plants
a new and tall variety appeared, which increased in_tho

appearance of this tall variety, the comparison of the crossed
self-fertilised plants of the fifth and succeeding generations

was rendered unfair, as all the self-fertilised and only a few or
one of the crossed plants consisted of it. Nevertheless, the

lts of the later experiments are in some well worth

Mwmj fertilised Plants of the Fourth Generation.—Seeds
£ the two roduced in the usual way from the two setsof
onhuthud generation, were sown on opposite sides of
pots (L. and IL); but the seedlings were not thinned
gh and did not grow well. Many of the self-fortilised
especially in one of the pots, consisted of the new and
variety above referred to, which bore large and almost white
ers marked with erimson blotches. I will call it the

variety. 1 believo that it first appeared amongst both the
F2
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crossed and. self-fertilised. plants of tho last generation; but
neither my gardener nor myself conld remember any such variety
in the secdlings raised from the purchased seed. It must there-

‘plants, more probably through reversion to a formerly existing
vari

oty.
lanLmemlenm-dpx.nemsl inches, and the
tallest self inches in height. In Pot IL the tallest
mm‘ms;mmmwu self-fertilised plant,
which consisted of the white variety, 7 inches in height; and
this was tho first instance in my experiments on Mimulus in
which the

the two tallest crossed en together were
hﬂnmh\kﬂ-ﬂ!—!ﬂﬁl{-dﬂmhhhxghtn 100 to 80.
As et the crossed plants were superior to the self-fertilised in

and produced fifteen capsules, all poor; and the seeds.

from ten of them weighed only “68 grain, so that from an

equal number of capsules the were to the self-
in weight as 100 to

fertilised
Cressed and self-fertilised Plants of the Fifth Generation.—Seods
from both lots of the fourth generation, fertilised in the usual
‘manner, wero own on opposite sides of three pots. When the
‘most of the self-fertilised plants were found
to consist of the tall white variety. Several of the crossed plants
in Pot I likewise belonged to this variety, as did a very few in
Pots IT. and TIL. The fallest crossed plant in Pot L was 7 inches,
and the tallest self-fortilised plant on tie opposite side8 inches ;
in Pots IL and IIL the tallest crossed were 4} and 54, and the
fallest self-fertilised 7 and 6} inches in height; so that the
average height of the tallest plants in the two lots was as 100
for the erossed to 126 for the self-ertilised; and thus wo have

heat of the season, and were in consequence more or less
sterile; but the crossed plants were somewhat less sterile than
the self-fertilised plants.
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Orossed and self-fertilised. Plants of the Sixth Generation.—Seeds
 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 every single plant belonged to the tall
‘white variety. On the 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 blotched
with coppery brown. When the plants on both sides were from
2108 inches in height they were equal, but when fully grown
the self-fertilised were decidedly the tallest and finest plants, bm
from want of time, they were not actually measured. In hy
the pots the first plant which flowered was a self-fertilised one,
‘and in the other hali a crossed one. And now another remark-
‘able change was clearly perceived, namely, that the self-fertilised
plants had become more self-fertile than the crossed. The
‘pots were all put under a net to exclude insects, and the crossed.
plants produced spontaneously only fifty-five capsules, whilst
the self-fertilised plants produced eighty-one capsules, or as 100
fo 147. The seeds from nine capsules of both lots were placed
in separate watch-glasses for and the
appeared rather the more numerous. Besides these sponta-
neously self-fertilised capsules, twenty flowers on the crossed
plants again crossed yielded sixteen capsules; twenty-five
flowers on the self-fertilised plants again self-fertilised yielded
‘seventeen capsules, and this is a larger proportional number of
capsules than was produced by the self-fertilised flowers on the
self-fertilised plants in the previous generations. The contents
of ten capsules of both these lots were compared in separate
‘wateh-glasses, and the seeds from the self-fertilised appeared
‘decidedly more numerous than those from the crossed plants.
Crossed and. self-fertilised. Plants of the Seventh Generation,
Crossed and self-fertilised sceds from the crossed and self-ferti-
lised plants of the sixth generation were sown in the usual
‘manner on opposite sides of three pots, and the scedlings were
well and equally thinned. 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 varicty. Their uniformity
dmmmmmpmson with the seedlings first raised from
seed, was quite remarkable. On the other hand,
p crossed plants differed .much in the tints of their flowers,
but nof, I think, o so great a degree as those first raised.
1 determined this time to measure the plants on both sides
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carefully, The solf-fertilised seedlings came up rather before the
crossed, but both luts were for  time of equal height. When first
‘measured, the average height of the six tallest crossed plants in
the three pots was 702, and that of the six tallest self-fertilised
plants 897 inches, or as 100 to 128, When fully grown the
samo plants were again measured, with the result shown in the
following table:—
Tapie XVIIL (Seventh Generation.)

No.ofPot. | Crossed Plants. | Sebserlised Pants.

e i R

L T | 19}
]

1L 124 18

s

. T 124
i dimn. | I

Total inches. 6363 ‘ 9388

The average height of the six crossed is here 1143, and that
of the six self-fertilised 15-64, 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
exclusively of this variety, it was manifest that they would
always exceed in height the crossed plants which belonged
chiefly to the original shorter varieties. This line of experiment
was therefore discontinued, and I tried whether intercrossing
4wo self-fertilised plants of the sixth generation, growing in dis-
tinet pots, would give their offspring any advantage over the
offspring of flowers on one of the same plants fortilised with their
own pollen.  These latter seedlings formed the seventh genera-
tion of self-fertilised plants, like those in the right-hand column
in Tablo XVIIL; the crossed plants were the product of six
previous self-ertilised generations with an intercross in the
Inst generation. The seeds were allowed to germinate on sand,
and were planted in pairs on opposite sides of four pots, all the
romaining sceds being sown erowded on opposite sides of Pot
V. in Table XIX.; the three tallest on each side in this latter po
being alone mmmd All the plants were twice measured—the

and the erossed plants
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tothat of the self-fertilised was then as 100 to 122. When fully
¢ they were again measured, as in the following table :—

Tasue XIX.

Intercrossed Plants
| Sclteritnd Pants
from Selfrtilised
Moot | BRI | ol the hvenh
Generat
Inches, Inches.
L 12§ 157
e
14§ u
L 10 114
7 11§
12 8§
7 14§
L. 13§ 10§
12§ 11é
. 1 g 184
7§ 8
¥ 8§ 10
Crowded. 9 9
8 9%
Total in inches.

. Tho average height of the sixteen infercrossed plants is here
96 inches, and that of the sixteen self-fertilised plants 10-96, or
B0 110; 2o that theinferormed plais, the progeitorsof

self-fertilised for the six previous generations,
nd i e b
conditions, were somewhat inferior in height to the plants

pmdmeﬂ 10 less than nineteen very fine capsules !
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The effects of a Cross with a distinet Stock.—Some flowers on the
self-fertilised plants in Pot IV. in Tablo XIX. were fertilised
with their own pollen, and plants of the eighth self-fertilised
generation were thus raised, merely to serveas parents in the fol-
lowing experiment. Several flowers on these plants were allowed
to fertilise themselves spontaneously (insects being of course
excluded), and the plants raised from these seeds formed the
ninth self-fertilised generation ; they consisted wholly of the tall
white variety with crimson blotches. Other flowers on the
same plants of the eighth self-fertilised generation were crossed
with pollen taken from another plant of the same lot; so that
tho seedlings thus raised were the offspring of eight previous
generptions of self-fertilisation with an infercross in the last

ation; these I will call the intercrosed plants. Lastly,
other flowers on the same plants of the eighth self-fertilised
generation wero crossed with pollen taken from plants which had
been raised from seed procured from a garden at Chelsea. Tho
Chelsea plants bore yellow flowers blotched with red, but differed
in o other respect. They had been grown out of doors, whilst
mine had been cultivated in pots in the greenhouse for the
Inst eight generations, and in a different kind of soil. The

i ised from this eross with a_wholly different stock
may be called the * Chelsca-crossed.” The three lots of seeds
thus obtained were allowed to germinate on baro 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 sown in
three divisions ina large pot, X., in Table XX. When the plants
had grown o their full height they wero measured, as shown in
the following table; but only the three tallest plants in each of
the three divisions in Pot X. were measured.

In this table the average height of the twenty-cight Chelsea-
crossed plants is 2162 inches; that of the twenty-seven inter-
crossed plants 12-2; and that of the nineteen self-fertilised 10-44,
But with respect o the latter it will be the fairest plan to strike out
#wo dwarfed ones (only 4 inches in height), 50 as not to
the inferiority of the self-fertilised plants; and this will raiso the
average height of the seventeen remaining self-fertilised plants
t011°2 inches. Therefore the Chelsea-crossed are to tho inter-
crossed in height as 100 to 56; the Chelsea-crossed to tho self-
fertilised as 100 to 52; and the intercrossed to the self-fertilised
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CROSS WITH A FRESH STOCK.

Tapee XX.
Selertlisod
Bl o S, | Pt o | o S
et | e S | 4 Fane
Gelses Frunis, | lsed Generation, | 8k Sel-frt
Tnches. Incles. Tnches.
30 14 94
28] 13§ 108
45 18] 10
208 114 119
2§ 12 12§
- 9
23§ 8
24 11y
25§ [H
22§ 9 4
2 8, 133
17 b 1
29 9 44
15, 1 185
234 % 154
28 18§ 12
! % 16}
s 124 -
124 15 o
21 123
20§ 114
264 15
177 134 .
22§ 14§ s
27 14§ i
2 11g
6' 17
20§ 147 A3
18} 9 108
16 8i 81
17} 10 1}
60538 32950 198°50
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85 100 to 92. We thus sco how immensely superior in height
the Chelsea-crossed are to the intercrossed and to the self-
fertilised 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 been
‘weighed, the ratio would certainly have been much higher than
that of 100 to 56 and 52.

The intercrossed plants are here to the self-fortilised in
height as 100 fo 92; whereas in the analogous experiment
given in Table XIX. the intercrossed plants from the solf-
fortilised plants of the sixth gencration were inferior in height
to the self-fertilised piants 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
present case having been raised from spontancously self-
fertilised seeds, whereas in the former case they wero raised
from artificially self-fertilised seeds; nor by the present plants
having been self-fertilised during two additional generations,
though this is a more probable explanation.

With respect to_fertility,"the twenty-cight Chelsea-crossed
plants produced 272 capsules; tho twenty-soven intercrossed
plants produced 24; and tho seventeen self-fertilised plants 17
capsules. All the plants were left uncovered so as to ‘be naturally
fertilised, and empty capsules were rejected.

Capaues.
Therefore 20 Chelsea-crossed plants would have produced 194-29
» 20 Intercrossed plants % - 178
» 20 8Self-fertilised plants - » 2000
Grains.
The seeds contained in 8 capsules from the Chelsea- | 1.,
crossed plants weighed . . . . .
The seeds contained in 8 capsules from the Intercrossed } 051
plante welghed . e e e
The sceds contained in § capsules from the Self-fertilised } 0-33
plniwalghed: S SRR
If we combine the number of capsules produced together with
the average weight of contained seeds, we get the following.
extraordinary ratios:
Weight of sced produced by the same number
of Chelsea-crossed

and intererossed plants } 5100 8

© The Complete Work of Charles Darwin Online




war. 1L~ FLOWERS ON SAME PLANT CROSSED. 70

of seed produced by the samo number s
o Chelsea-crossed and self-ertilised plants } *

ght of seeds produced by the same number
of interorossed and self-fortilised plants " w100 073

. Itis also a remarkable fact that tho Chelsea-crossod plants
ded the two other lots in hardiness, as greatly as they did
‘height, lnxuriance, and fertility. In the early antumn most of
pots were bedded out in the open ground; and this always

es plants which have been long kept in a warm
Al threo lots consequently suffered greatly, but the Chelsea-

to do so for some time ; whilst not a single flower was
Dy the plants of the other two lots, the stems of which

re cut almost down to the ground and seemed half dead.
i Doember thers waa o sharp froat, nd tho stems of
werenow cut down ; but on the 23rd of December

B aciup s from the roots, whilst all the plants

ossed plants growing in the samo pots. The plants of these
o latter lots flowered at the same time, though the Chelsea~
grew s much taller and more vigorously than the

As already stated, the flowers of the plants originally raised
rom the Chelsea seeds wore yellow; and it deserves notico that
omo of the twenty-oight scedlings raised from the tall
varicty fertilised, without being castrated, with pollen
the Chelsea plants, produced yellow flowers; and this
how prepotent this colour, which is the natural ono of

‘between distinet plants. T now seloctod a very vigorous
in Table XX., raised by fertilising a plant of the eighth
generation with pollen from the Chelsea stock.
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Several flowers on this plant were crossed with pollen from other

flowers on the sume plant, and several other flowers were

fertilised with their own pollen. The seed thus produond was
; and the

pots. All the remaining whether or not in a state of
ination, were sown thickly in Pot VIL; the threo tallest
‘plants on each side of this latter pot being alono measured. AsT
‘was ina hurry o learn the result, some of these sceds were sown
late in the autumn, but the plants grow so irregularly during
the winter, that ono erossed 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 circumstances, 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.

Tanie XXI.
N I ——
SRR~ o [ ooty
e Py the] v bl e
e Fant ‘.
Inches.
I i i
9 3}
. 28 19]
15 s
13, 2
L 4 15§
2 !
. 5y o
154 7
N 7 18
VL. 18 14
lll 2
viL. 2 15
Crowded. 11 11
12 1q
Total inches. 21088 140°75
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' The fifteen crossed plants hore average 14-05, and the fifteen
self-fortilised plants 9-38 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 cight self-fertilised plants
1595 100 to 82.

On the following spring, some remaining seeds of the two
Iots wero treated in exactly the same manner; and tho measure-
‘ments of the scedlings aro given in the following table:

Tapie XXIIL.

s imtions | puow
No. of ] —— | I-In-ren Iemlued
ot | roat Flowerson the Iy o e
Tochen. Toches.
i 9 154 19}
12 20§
104 12§
L 183 13
13§ 198
20} 17
181 124
5 154
18} u
1v. 193 163
19§ 21§
v. 25§ 224
VL 5 198
203 16§
273 19§
VIL 7§ 78
14 8
134 7
VIIL. 18§ 20
Crowded. 18§ 171
184 15
18] 15,
Total in inches. 370°88 85383
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Here the average height of the twenty-two crossed plants is
1685, and that of the twenty-two self-fertilised plants 1607 ; 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 self-fertilised plants in height as 100 to 100-6—that is,
are cqual.  All the plants, except the crowded ones in Pot VIIL,
after being measured were cut down, and the eighiteen crossed
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 excoeded the crossed in weight in a higher ratio. Tn all
the previous experiments in which seedlings were raised from a
cross between distinet plants, and were put info competition
with self-fertilised plants, the former generally flowered first;
but in the present caso, in seven out of the cight 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-fertilised 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 cause already assigned, are very much less trustworthy than
the present ones.

Summary of Observations on Mimulus luteus.—In the
three first 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 seli-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
occurred 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
femle, when self-fertilised, than the old varieties, and
in the succeeding self-fertilised generations

more and more self-fertile. In the sixth generation the
self-fertilised plants of this variety compared with the
erossed 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 ome of these plants artificially
self-fertilised yielded no less than nineteen very fiu-
~ capsules !

his variety trausmitted its characters so fuithfully
to all the di up to
the last or ninth, that ull the many plants which were
maised presented a complete uniformity of character;
thus offering a remarkable contrast with the seedlings
aised from the purchased seeds. Yet this variety
retained 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-flowered 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
self-fertilised plants, and in the sixth and all the
succeeding generations every single plant consisted of
this variety; and this no doubt was partly due to its
great and increasing self-fertility. On the other
hand, 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
plants 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 to this variety naturally growing *
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 growing taller would have exceeded the
crossed plants in height in each succeeding generation,

Some of the self-fertilised plants of the sixth gene-
ration were intercrossed, as were some in the eighth
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eration ; and the scedlings from these crosses were
n in competition with self-fertilised plants of the
o corresponding generations. In the first trial the
: plants were less fertile than the self-
, and less tall in the ratio of 100 to 110.
n the second trial, the intercrossed plauts were more
ertile than the self-fertilised in the ratio of 100 to
and taller in the ratio of 100 to 92. Notwith-
tanding that the self-fertilised plants in the second
were the product of two additional generations
« 1 cannot und d this discor-
nce in the results of the two analogous experiments.
The most important of all the experiments on
pulus are those in which flowers on plants of the
hth self-fertilised generation were again self-ferti-
other flowers on distinct plants of the same lot
e intercrossed ; and others were crossed with a new
of plants from Chelsea. The Chelsea-crossed
eedlings were to the intercrossed in height as 100 to
and in fertility as 100 to 4; and they were to the
ilised plants, in height as 100 to 52, and in
ity us 100 to 3. These Chelsea-crossed plants
also much more hardy than the plants of the
x two lots; so that altogether the gain from the
with a fresh stock was wonderfully great.
Lastly, seedlings raised from a cross between flowers
the same plant were not superior to those from
ers fertilised with their own pollen ; but this result
be absolutely trusted, owing to some previous
tions, which, however, were made under very

DIGITALIS PURFUREA.
flowers of the common Fosglove are proterandrous; that

pollen is mature and mostly shed before the stigma of

lhe same flower is ready for fertilisation. This is amemd by
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opens; for Hildebrand f found that pollen placed on the stigma
before it had opened produced no effect. The anthers, which.
aro large, stand at first transversely with respect fo the tubular

bafled.” Mr. Belt says that he watched many flowers d
 whole season in North Wales, and “ only once saw a
e reach the nectary, though many wero soen trying in vain
dn e

I covered a plant growing in its native il in North Wi
with a net, and fertilised six fowers each with its own

Science Review,” ¢ 1874,p. 152, But it
Jnn.l H, Miller (¢
uunghnhhr yerthellong  der Dlimen,” 1875, p. 285)
867, p . gmall inwts sometimes
s Fhe Naburllt o Nieara- in entering the fowers.
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and six others with pollen from a distinct plant growing within
the distance of a few feet. The covered plant was occasionally
with violence, 0 as to imitato the effects of a gale of

Of the twenty-four spontancously self-fertilised cap-

sules, only two contained their full complement of seed ; six

ontained a moderate supply; and the remaining sixtecn ex-

i-uly fow seeds. A little pollen adhering to the anthers after

, and accidentally falling on the stigma when

e, m\ut ‘have been the means by which the above twenty-

r flowers were partially self-fertilised ; for the margins of the

in withering do not curl inwards, nor do the flowers in

off turn round on their axes, o as o bring the pollan-

ed hairs, with which the lower surface is clothed, into con-

with the stigma—by either of which means self-fertilisation
effected.

,ua.mm.mmmmnmm psules, after
on_bare sand, were planted in pairs on the opposite

B 5 e rois, whil wem kot t thlaressc

The plants after @ time appeared starved, and were
without being disturbed, turned ot of their pots, and

y ground in two close parallel rows. They

ro thus subjected to tolerably severo competition with one

5 but not nearly so severe as if they had been left in the

At tho timo when they wero turned out, ther leaves were

he winter and spring, leaving only cight to be measnred, as in
he following table:—

G2
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84 DIGITALIS PURPUREA. Cuar, IIL.

TasLe XXIIL
The tallest Flower-stem on each Plant measured : ) means that
the Plant died before a Flower-stem was produced.

No.of Pk | Cromed Plants, | Seffrtiiaed Plants.

Inches, Inches.

i 534 27

57, 55

57, | [

65 | o

1L | 34 39

52 82

| 631 21
M5 574 53¢

53, 0

50, 0

7§ 0

Iv. i 644 34,

31§ 23,

o

v | 53 0

47 [

| 34, 0

“Total in inches. | 82125 28700

The average beight of the flower-stems of the sixteen crossed
plants is here 51-33 inches; and that of the eight self-fertilised
plants, 85°87; or as 100 to 70. But this difference in height does
not give at all a fair idea of the vast superiority of the crossel
plants. These latter produced altogethar sixty-four flower-stems,
cach plant producing, on an average, exaotly four flower-stems;
whereas the eight eelf-fertilised plants produced only fifteen
flower-stemns, each producing an average only of 1°57 stems, and
these had a less luxuriant appearance. We may put the result in
a7other way : the number of flower-stems on the crossed plants was
1o those on an equal number of self-fertilised plants as 100 to 48,

Three crossed sceds in a state of germination were also planted
in threo separato pots; and three self-fertilised sceds in the
same stato in three other pots. Theso plants wero therefore.
at first exposed to no competition with one another, and when
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Citar. III. CROSSED AND SELF-FERTILISED PLANTS. 85

turned out of their pots into the open ground they were planted
at a moderate distance apar, so that they were exposed to much
loss severe competition than in tho last case. The longest leaves
on tho threo crossed plants, when turned out, exceeded those on
the sclf-fertilised plants by a mere trifle, viz., on an average by
17 of an inch. When fully grown the three crossed plants
produced twenty-six flower-stems; the two tallest of which on
¢ach plant were on an averago 54-01 inches i height. Tho
l If-fertilised plants produced t

the two tallest of which on each plant had an average helght of
46°18 inches. So that the difference between these two lots,
which hardly competed fogether, 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 Effects on the Offspring of intercrossing diferent Flowers on
the same Plant, instead of crossing distinct Individuals.—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 plaat, and six others were fert
with their own pollen. All produced good capsules. The seeds
from each were placed in separato watoh-glasses, and no difference
could be perceived by the eye between the two lots of seeds;
and when they were weighed there was no difference of any sig-
nificance, as the seeds from the self-fertilised capsules weighed
765 guins, whilst those from the crossed capsules weighed
7°7 grains. Therefore the sterility of the present species, when
insects aro excluded, is not due to the impotence of pollen
on the stigma of tho same flower. Both lots of seeds and seed-

were treated in exactly the same manner as in the previous
table (XXIIL), excepting that after the pairs of germinating seeds
een planted on the opposite sides of eight pots, all the
ing seeds wero thickly sown on the opposite sides of Pots IX.
and X. in Table XXIV. The young plants 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, 5o 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
sido either died or did not produce flower-stems. The tallest
flower-stems on the surviving plants were measured, as shown in
the following table : —
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86 FLOWERS ON SAME PLANT CROSSED. Cuar. IIL :

Tasie XXIV. ,J\
N.B. O significs that the Plant died, or did not produce a Flower-
stem.
Plants s from o
Plants raised from
Noofhn | Oumimiveen i | Flnt e o
i o v Pl
_‘_ g
i 9 454
48] | 52
43, | o
. 384 54,
i a7
o 3
L. 543 6f
w. s24 41
o - 29
457 87
V. 48§ | a2
40§ 2f
43 o
VL. 48 I
4 8
VIL 18y 25
4 0f
Vi e 30}
IX. 49 a0}
Crowdel Plants. 50, 15
8 367
47, i
0 31
X 10 a1y
Crowded Plants, 35 )
24 4
41 40
| 17 4
Total inches. ‘ 1078:00 995-38
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87

The average height of the flower-stems on the twenty-five
rossed plants in all the pots taken together is 43-12 inches, and
that of the twenty-five sel-fortilised plants 3982, or as 100 to
92. In order to tost this result, the plants planted in pairs in
Pots L to VIIL were considered by themselves, and the average
‘height of the sixtcen crossed plants is here 44-9, and that of the
sixteen self-fertilised plants 4203, or as 100 to 94, Again, the

raised from the thickly sown seed in Pots XL and X.,
‘which were subjected to very severe mutual competition, were
faken by themselves, and the average height of the nine crossed
‘plants is39-86,and that of the nine self-fertilised plants 85°88, or
85 100 to 90. The plants in these two latter pots (IX. and X.),
after being measured, were cut down elose to the ground and

: the nine crossed plants weighed 57*66. ounces, and

‘the nine self-fertilised plants 4525 ounces, or s 100 to 78. On
the whole wo may conclude, especially from the evidence of
weight, that seedlings from a cross between flowers on the same
have a decided, though not great, advantage over those
flowers fertilised with their own pollen, more especially

in the case of the plants subjected to severe mutual competition.
!u the advantage is much less than that exhibited by the
offspring of distinet plants, for these exceeded the self-

d plants in height as 100 to 70, and in the number of

ems as 100 to 48. Digitalis thus differs from Ipomeea,
‘and almost certainly from Mimulus, as with these two species
a eross between flowers on the same plant did no good.

CALCEOTARIA.

 Abushy greenhouse variety, with yellow flowcers Viotched with purple.
The flowers in this gonus are constructed 0 as to favour or
nost ensure cross-fertilisation;* and Mr. Auderson remarks t

u tho corolla is eut quite away, insects, a3 ;

er discovor or visit the flowers. This plant is, howover, self-

if inscets aro excluded. So fow experiments were

o e, nt they are hardly worth giving. Crossed and

d seeds were sown on opposite sides of a pot, and

* Hildebrand, ns quoted hy + “Gardeners’ Chronicle,’ 1858,
Miller, ‘Die Befruchtung  p. 554

‘Blumen, 1873, p. 277.
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88 LINARIA VULGARIS. Omar. IIL.

after a time the crossed seedlings slightly excecded tho self-
fertilised in height. When a little further grown, the longest
leaves on the former were very mearly 3 inches in length,
whilst those on the solf-fertilised plants were only 2 inches.
Owing to an accident, and to the pot being too small, ouly one
plant on each side grew up and flowered; the crossed plant was
19} inches in height, and the self-fertilised one 15 inches; or as
100 to 7.

LINARIA VULGARIS.

It has been mentioned in the introductory chapter that two
laxge beds of this plant were raised by me many years ago from
cvossed and self-fertilised seeds, and that there was a conspicu-
ous difference in height and general appearance between 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
1y garden, Five plants were covered with a net, the others
heing left exposed to the bees, which incessantly visit the flowers
of this species, and which, according to H. Miller, 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 fow 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
23-6 seedls, with & maximum in one capsulé of fifty-five. So that
the number of seeds in the capsules on the exposed plants to
the average number in the finest capsules on the protected
plants was as 100 to 14,

Some of the spontancously self-fertilised sceds from under
the net, and some sceds 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, &. p.

© The Complete Work of Charles Darwin Online




pan, 'VERBASCUM THAPSUS. 89
Tots of seedlings wero not subjected to any mutual competi-

n. Three of the crossed plants when in full flower were

sured, but no care was taken to select the tallest plants;

it heights were 74, 73, and 64 inches; averaging 7-08 in
ght, The threo tallest of all the self-fertilised plants were

hen carefully selected, and their heights were 63, 5§, and 52,
averaging 575 in height. So. that the naturally crossed plants
ere to the spontxneously self-fertilised plants in height, at
least as much as 100 to

VERDASOUN THAPSUS.
| The flowers of this plant are frequented by various insects,

fly by bees, for the sake of the pollen. H. Miiller, however,
shown (‘Die Befruchtung,’ &c. p. 277) that V. nigrum
cretes minute drops of nectar. The arrangement of the re-
Mumve organs, though not at all complex, favours cross-

es as tho surrounding uncovered plants.
is is Tather less self-fertile, for some protected plants did
yield quito so many capsules as the adjoining uncovered

 Plants of V. thapsus had been maised for a distinet purpose
self-fertilised sceds; and some flowers on these plants were

self-fertilised, yielding seed of the second self-fertilised
ration ; and other flowers were crossed with pollen from a

‘of the six crossed plants is 65-34 inches, and that of the six
ffertilised plants 565 inches; or as 100 to 86.
_ * I have given a striking case  found growing wild: Journal of
8 argo number of ol liybrids  Linn. Sos. Boi? vol x. - 401,
" thapsus and lychnitis

© The Complete Work of Charles Darwin Online
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Tapie XXV.
Seltfetiised Plants
No.of Pot. Crossed Plants. | of tho Sccond Gene-
Taches, Tnches.
L % 534
1. 5 66
i 62 7
60§ 304
. 3 62
664 52
Total in inches. 39218 59°00

VANDELLIA NUMMULARIFOLLA.

Sceds were sent to me by Mr. J. Scott from Calutta of this
small Indian weed, which bears perfect and cleistogamic * flowers.
The latter are extremely small, imperfectly developed, and never
expand, yet yield plenty of seeds. The perfect and open
flowers are also small, of a white colour with purple marks ; they
genenally produce seed, although the contrary has been
asserted ; and they do =0 even if protected from insects. They
have a rather complicated structure, and appear to be adapted
for crossfertilisation, but were not carefully examined by me.
They are not easy to fertilise artificially, and it is possible that
some of the flowers which 1 thought that I had succeeded in
crossing were afterwards spontancously self-fertilised under the
net. Sixteen capsules from the crossed perfect flowers contained
on an average ninety-three sceds (with a maximum in one
capsule of 137), and thirteen capsules from the self-fertilised
‘perfect flowers contained sixty-two seeds (with a maximum in
one capsule of 135); or as 100 to 67. But I suspect that this
considerable excess was accidental, as ou one occasion nine
crossed capsules were compared with seven self-fertilised cap-
sules (both included in the above number), and they contained
almost exactly the same average number of sced. 1 may add

T an article on the present genus in
iogamis e pnopoic By B th . o Zeitung, 1867, p. 65.
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L. VANDELLIA NUMMULARIFOLIA. 91

fifteen capsules from self-fertilised cleistogamic flowers con-
ned on an average sixty-four seeds, with a maximum in one
eighty-seven.

 Crossed and self-fertilised seeds from the perfect flowers, and

 ofher seeds from the sel-fertilised cleistogamic flowers, were sown.

hen in full flower averaged 4'3 inches, and the self-fertilised
s from the perfect flowers 4°27 inches in height; or as 100
99. The self-fertilised plants from the cleistogamic flowers
ged 4°06 inches in height; so that the crossed were in

BN (- oo scain the prowth‘of Hlaiis ralhed
crossed and self-fertilised perfect flowers, and obtained two

Tots of sceds. These were sown on opposite sides of five

;, but they were not sufficiently thinned, so that they grew
crowded. When fally grown, all those above 2 inches

height were selected, all below this standard being rejected ;

e former consisted of forty-seven crossed and forty-one self-

"muouedp!nmz were, however, inferior in fertility to the
fertilised. Six of the finest plants wero selected out of the
crossed plants, and six out of the forty-ono self-

plants; and the former produced 598 capsules, whilst

latter or self-fertilised plants produced 752 capsules. All

these capsules were the product of cleistogamic flowers, for the
plants did not bear during the whole of this season any perfect
o The seeds were counted in ten cleistogamic capsules
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92 GESNERIA PENDULINA. Cmar, TIL.

produced by the crossed plants, and their average number was
46°4 per capsule; whilst the number in ten cleistogamic capsules
‘produced by the self-fertilised plants was 49-4; or as 100 to 106.

III. GESNERIACEE.—GESNERIA PENDULINA.

In Gesneria the several parts of the flower are arranged on
nearly the same plan as in Digitalis,* and most or all of the
species are dichogamons. Plants were raised from seed sent me
by Fritz Miiller from South Brazil. Seven flowers were crossed
with pollen from a distinct plant, and produced seven capsules
containing by weight 3-0L grains of sceds. Seven flowers on tho
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.

Taste XXVIL

No.of Pot. Crossed Plants. [ Selffertilised Plants,

Inches. Tnches.
L o) 39

2 24

1L 33 80§

o7 19§
. 334 81
2§ 28

v, 304 29§

36 264

Total inches. 256°50 253°13

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

* Dr. Ogle, ‘ Popular Science Review,’ Jan. 1870, p. 51,
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IV. LABIATZE.—SALYIA COCCINEA.*

This wpec:ies, 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 spontancously self-

under a net, and they contained on an average 145
seeds, whilst flowers artificially fertilised with their own pollen,
in which case the stigma will have received plenty of pollen,
yielded on an average 33 seeds, or more than twice as many,
Twventy flowers were crossed with pollen from a distinet plant,
and twenty-six were self-fertilised. There was 1o great difference
in the proportional number of flowers which produced capsules
by these two processes, or in the number of the contained seeds
o 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 wero about 3 inches in
height, the crossed showed a slight advantage over the self-
fortilised. When two-thirds grown, the two tallest plants on
each side of each pot were measured ; the crossed averaged 1657
inches, and the self-fertilised 1175 in height; or as 100 to 7L
When the plants were fully grown and had done flowering, the
two tallest plants on each’ side were again measured, with the
results shown in the following table :—

Tasie XXVIL

NootPot, | Crossod Panis, | Soltfrtiied Pante.
|7 e | taohes.
L | 32§ | 25
| 20 | 18§
. 824 203
uf 199
L. | 204 25
2 18
Total inches. 167°13 127-00

Mo aimintle meshuical by Spreves, Hidebrand, Delpingy
sdaptations in this genus for Miller, Ogle andclbers, in
i

wouring or ensuring eross-i it e
o, fuve been fully deseribed
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Tt may be here scen 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
averaged 2116 inches; or as 100 to 76. In all three pots tho
first plant which flowered was a crossed one. All the crossed.
‘plants together produced 409 flowers, whilst all the self-fertilised
together produced only 282 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 exiss ascoding to IL. Miller, under two forms;
and_ strongly that it is

Sikab) S 4 Pl Dyl o sopilier Tine il
the other form is exclusively female, has a smaller corolla, and.
must of course be fertilised by pollen from a distinet 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 I folt
doubtful about the specific namo I sent specimens to Kew, and
was assured that the species was 0. valgare. My plants formed
one great clump, and had evidently spread from a singlo oot
by stolons. In a strict sense, therefore, they all belonged to the
same individual. My object in experimenting on them was,
firstly, to ascertain whother crossing flowers borne by plants
having distinet roots, but all derived asexually from the same
individual, would be in any respect more advantageous than
solf-fertilisation; and, secondly, o aise for future trial seedlings
which would constitute really distinct individuals. Soveral
plants in the above clump were covered by a net, and about two
dozen seeds (many of which, however, were small and withered)
wero abtained from the flowers thus spontancously self-fertilised.
The remainder of the plants were left uncovered and wero in-
cessantly visited by bees, 5o that they were doubtless crossed
by them. Theso exposed plants yiclded rather more and finer
seed (but still very few) than did the covered plants. The two

growth to maturity, but they did not differ at any period in
height or in vigour, the importance of which latter obscrvation
we shall presently see. When fully grown, the tallest crossed
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in one pot was a very little taller than the tallest self-

plant on the opposite side, and in the other pot

exactly the reverse ocourred. So that the two lots were in fact

il aod o cromsof this kind did 10 more good than eresing
two flowers on the same plant of Ipomcea or Mimulus,

- The plants were turned out of the two pma without being

disturbed and planted in the open ground, in order that they

 might grow more vigorously. In the following summer all the

self-fertilised and some of the quasi-crossed plants were covered

byanet. Many flowers on the latter were crossed by me with

* pollen from a distinct plant, and others wero left to bo crossed

the original ones in the great clump when left

 to tho action of the hees. Many flowers on the self-fertilised
plants were artificially self-fertilised, and_others wero allowed
to fertilise themselves spontaneously under the net, but they
| yielded altogether very fow seods.

the pairs; but the tallest on each side seemed fairly to represent
the average difference betwoen the two lots.

Tapue XXVIIL

o | Sttt Pl
Noothw, | Gt Pae(ovo | IR T

pot).

nchs Tnch,

L 26 24

2 2

. 17 12

16 11

Total inches. 800 ’ 685
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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 0 86. But this excess
of height by no means gives a fair idea of the vast superiority in
vigourof 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. In Pot L, and it should be remembered that
very large pots had been used, the oval clump of crossed plants
was 10 by 4} inches across, with the tallest stem, as yet young,
5} inches in height ; whilst the clump of self-fertilised plants,
on the opposite side of the same pot, was only 3} by 24 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 fallest young stem 8} inches in height; whilst the clump of
self-fertilised plants on the opposite side of the same pot was 12
Dy 4} inches across, with the fallest young stem 6 inches in
height, The crossed plants during this season, as during the
Iast, flowered first. Both the cmssed and self-fertilised plants
‘eing left freely exposed to the visits of bees, manifestly produced
much more seed than their grand-parents,—the plants of the
original clump still growing close by in the same garden, and
equally left to the action of the bees.

V. ACANTHACEE.—THUNBERGIA ALATA.

Tt appears from Hildebrand’s description (* Bot. Zeitung,' 1867,
D. 285) that the conspicuous flowers of this plant are adapted
for cross-fertilisation. Scedlings were twice raised from pur-
chased seed ; but during the carly 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 from o distinct plant, but they yiclded 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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being moro than

‘«nnm-eapmnumsomhu,mdmmm self-

‘plants 65 inches, or as 100 to 108. A eross, therefore,

n individuals here appears to do 1o good; but

result deduced from so few plants in a very sterile condition
| growing very unequally, bviously cannot be trusted.
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CHAPTER IV.
CnecirEn®, PAPAVERACEY, RESEDACEE, ETC.

Brassica oleraces, crossed and self-fertlised plants—Great effect of o
cross with a fresh stock on the weight of the offspring—Iberis
umbellata— Papaver vogam—Eschicholtzia califomica, uedlhlsl
from o cross with o fresh stock not more vigorous, but more
fertile than the self-fertilised -cdl.mn—l}&dx lutea and odorata,
many individuale terile with thee own pollen—Vila_ircslor,

hardly taller, by ilo than
dand

phnheamn-ndlw!onrgmen&am—e t effects of a cross with
a fresh stock—Uniform colour of the flowers on the self-fertlised
‘plants—Hibiscus africanus.

VI ORUCIFERZE.—BRASSICA OLERACEA.
Var. Cattell's Early Barnes Cabbage.

Tae flowers of the common cabbage are adapted, as shown by
H. Milller," for cross-fertilisation, and should this fail, for self-
fortilisation. It 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 mdre than one kind is in flower at the same timo
Cabbages, in one respect, were not well fitted for my experiments,
as, after they had formed heads, they were often difficult to mea-
sare. 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 wero cut
down and weighed, and then the immenso advantage from a
cross became manifest.

A single plant of the above varicty was covered with a net
Just before flowering, and was crossed with pollen from another
plant of the same variety growing close by; and the soven cap-
sules thus produced contained on an average 16° seods, with o

**Die Befruchtung;’ &e. p. 139,
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maximum of twenty in one capsule. Some flowers were arti-
ficially self-fertilised, but their capsules did not contain so many

of these latter capsules contained on an average 4°1 seeds, with
a maximum in one of ten seeds; 50 that the scods in the crossed
thoso in the selffertilised capsulesas
sed sceds, fifty-cight of which weighed
888 grains, were, however, a little finer than those from the
crossed capsules, fifty-eight of which weighed 8-76 grains. When
few seeds aro produced, these seem often to bo better nourished
and fo be heavier than when many are produced.
The two lots of seeds in an equal state of germination were
jm-d soma an apposite sides of o singl pot, aud some i the
5 e young crossed plants in the pot at first ex-
ey a1 uma 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 somo time, the
erossed plants, which were all of nearly the same height, exceeded

were planted in the open ground stood separate, so that
th one another ; nevertheless the crossed
ts certainly grew to rather greater height than the self-fer-
; but no measurements wero made. The crossed plants
ad been raised in the pot, and those planted in the open

d, all flowered a littlo before the self-fertilised plants.
ilised Plants of the Second Generation.—Some
xs on the crossed plants of the last generation were again
d with pollen from another crossed plant, and produced
 capsules. The flowers on the self-fertilised plants of the
generation
8186 wnd they produced womo mmmmy fine capsules.

MOetobnr of the same year, and the cight crossed plants

in height 8-4 inches, uh‘lst the self-fertilised averaged

a little inferior in height,

010101°5. By the 5th of Jano of the following yesr theso
H2
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plants had grown much bulkier, and had begun to form
heads. The crossed had now acquired n marked superiority
in general appearance, and averaged 802 inches in height,
whilst the self-fertilised averaged 7-31 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 could hardly be measured with accuracy. The
crossed plants, however, were on the whole considerably taller
than the self-fertilised. Tn the following year they flowered ; the
crossed plants flowering beforo the self-fertilised in threo of the
pots, and at the same time in Pot TI. The flower-stems were
‘now measured, as shown in Table XXIX.

Tave XXIX.
Measured to tops of Flower-stems ; O signifies that a Flower-stems
was not formed.

No.ofPot. | Crosed Plants | Seltfortised Pants.
T taches. Inches,
L 493 4
39§ i
. 874 38
83 354
L 47 514
40 a1f
42 45
W, 4y | 20
874 | 83§
o 0
Total in inches. 86975 85100

The nine flower-stems on the crossed plants here average 4108
inches, and the nine on the self-fertilised plants 39 inches in
height, or as 100 to 95. But this small difference, which, more-
oser, depended almost wholly on one of the self-fertiliscd 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 not
dower, were now cut down close to the ground and weighed, but.
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those in Pot 1. were excluded, for they had been accidentally
injured by a fall during transplantation, and one was almost
Killed. The eight orossed plants weighed 219 ounces, whilst the
eight self-fortilised plants weighed only 82 ounces, or as 1001037 ;
s0 that the superiority of the former over the latter in weight was

t.

B S Bt of & Grosiwith o frah Sock—Scme flowers o
erossed plant of the lnst or socond generation were fertilised,
without being castrated, by pollen taken from a plant of the
same variety, but not related to my plants, and bronght from a.
nursery garden (whence my seeds originally came) having a dif-
ferent soil and aspect. The flowers on tho self-fortilised plants
of the last or sccond generation (Table XXIX.) were allowed to
fertilise themselves spontancously under a net, and yielded
plenty of seeds. These latter and the crossed seeds, after germi-
aing on sand, woro plntel in pairs on the opposite ides
of six large pots, which were kept at first in a cool

‘Early in January their heights were measured to the tips of n-m
leaves. The thirteen crossed plants averaged 13-16 inches in
height, and the twelve (for one had died) self-fertilised plants
averaged 18- inches, or as 100 o 104; so that tho self-fertilised
plants exceeded by a little the crossed plants

TapLe XXX,
Weight of Plants after they lad formed Heads.
Selfforflised Plants
NoofPot. | joroesed Plante from | "o he Third Gene-
ration.
Ounces, Ounces.
L 130 187
I 7 341
L. 121 173
1v. 1274 14
v, 90 13
VI 1063 46
Total in ounces. 649-00 142°25
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Early in the spring the plants were gradually hardened, and
turned out of their pots into the open ground without being
disturbed. By the 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 searcely possible to measure their heights, the finest
plant on each side of each pot was eut down close to the ground
and weighed. In the preceding table we have the result.

The six finest crossed plants average 108-16 ounces, whilst
the six finest self-fertilised plants average only 23°7 ounces, or
45100 to 22. This difference shows in the clearest mamner the
enormons benefit which these plants derived from a cross with
another plant belonging to the same sub-varioty, but to a fresh
stock, and grown during at least the three previous gencrations
under somewhat different conditions.

The Offspring from a cut-leaved, curled, and variegated white
green. Cabhage crossed with @ cut-leaved, curled, and variegated
crimson-green. Cabbage, compared. with the self-fertilised Ofspring
Jrom the two Varieties—Theso trials were made, not for tho
‘sake of comparing the growth of the crossed and self-fertilised
seedlings, but becauso I had soon it stated that theso varieties
would not naturally intercross when growing uncovered and
near one another. This statement proved quite erroncous; but
the white-green variety was insome degree sterile in my garden,
producing little pollen smd fow seeds. It was therefore no
wonder d from th isod flowers of this
variety were greatly excoaded In helghtby osdlings for & s
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
varioty, offer & somewhat more curious case. A few of theso
crossed seedlings reverted to a pure green variety with their
leavesless cut and curled, so that they were altogether in a much
more natural state, and these plants grew more vigorously and
taller than any of the others. Now it is a strange fict that a
much larger number of the self-fertilised scedlings from the
crimson-green variety than of the erossed seedlings thus reverted ;
and as a consequence the self-fertilised seedlings grew taller by
9} inches on an average than the crossed seedlings, with which
they were put into competition. At first, however, the crossed
seedlings exceeded the self-fertilised by an average of a quarter
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of an inch. We thus see that reversion to a more natural con-
dition acted more powerfullyin 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 feeblo
constitution.
IBERIS UMBELTATA.
Var. Kermesiana.

This variety produced plenty of spontancously self-fertilised
seed under  net. Other plants in pots in the greenhouso were
Teft 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 spontaneously seli-
fertilised seeds were sown on opposite sides of a pot. The
self-fertilised seedlings grew from the first quicker than the

crossed seedlings, and when both lots wero in full
flower the former were from 5 to 6 inches higher than the crossed |
1 record in my notes that the self-fertilised sceds from which
these self-fertilised plants were raised were not so well ripened
as tho crossed ; and this may possibly have caused, from pro-
mature growth, the great difference in their height, in nearly
the same manner as when self-fertilised seeds of other plants
were sown a few days before the crossed in the same pot.
We have seen o somewhat analogous case with the self-fertilised
‘plants of the eighth generation of Ipomaea, raised from unhealthy
parents. It is a curious circumstance, that two other lots of the
‘above seeds were sown in pure sand mixed with burnt earth,
and therefore without any organic matter; and here the sup-
posed crossed secdlings grow to doublo tho height of the self-
fertilised, before both lots died, as necessarily occurred at an
eurly period. We shall hereafter meet with another case
apparently analogous o this of Tberis in the third generation
of Petunia.

The above self-fertilised plants were allowed to fertilise them-
selves again under a net, yielding self-fertilised plants of the
second generation, and the supposed crossed plants were crossed
by pollen of a distinet plant; but from want of time this was done
in & careless manner, namely, by smearing one head of expanded
flowers over another. I should have thought that this would
have succeeded, and perhaps it did so; but the fact of 108
of the self-fertilised sceds weighing 4-57 grains, whilst the same
mumber of the supposed crossed seeds weighed only 3°57 grains,
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does not look like it. Five seedlings from each lot of seeds were
raised, and the self-fertilised plants, when fully grown, exceeded
in average height by a trifle (viz. -4 of an inch) the five probably
crossed plants. 1 have thought it right to give this case and the
last, because had the supposed crossed plants proved superior
to the sel-fertilised in height, I should have assumed without
doubt that the former had really been crossed.  As itis, T do not
know what to conclude.

Being much surprised at the two foregoing trials, T deter-
‘mined to make another, in which there should be no doubt about
tho crossing. I therefore fortilised with great care (but as
usual without castration) twenty-four flowers on the supposed
crossed plants of the last generation with pollen from distinet
plants, and thus obtained twenty-one capsules. The self-fertilised
plants of the last generation were allowed to fertilise themselves
again under a nef, and the seedlings reared from these seeds
formed the third self-fortilised generation. Both lots of seeds,
after germinating on bare sand, were planted in pairs on
the opposite sides of two pots. Al the remaining seeds were
sown crowded on opposite sides of a third pot; but as all the
rself-ferﬁlised seedlings in this latter pot died before they grew

to any considerable height, they were not measured. The
plants in Pots L and I were measured when between 7 and
8 inches in height, and the crossed exceeded the self-fertilised
in averago height by 157 inches. When fully grown they were
again measured to the summits of their flower-heads, with the
following result:—

Tase XXXI.
Self-frtilised Plants
Ko of Pot. Cromsd Pran. | St Pl
Inches. Tnches.
: 18 19
21 21
183 194
m 19 16§
18 74
17 14§
Fit} 16§
Total in inches. 133:88 11475
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The average height of the seven crossed plants is here 19-12
inches, and that of the seven self-fertilised plants 1639, or as
100 to 86. But as the plants on the self-fertilised side grew
‘very unequally, this ratio cannot be fully trusted, and is probably
100 high. In both pots a crossed plant flowered before any one
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 caused 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
Iast experiment having been put into competition with plants
selfertilised for three generations, which moreover grew very
wnequally, T rosolved to repeat the trial on a larger scale, and
in a rather different mamner. I obtained sceds of the same
crimson variety of /. umbellata from another nursery garden,
and raised plants from them. - Some of these plants were allowed
to fertilise themselves spontancously under a net; others were
erossed by pollen taken from plants raised from seed sent me by
Dr. Durando from Algiers, where the parent-plants had been cul-
tivated for ons. These latter plants differed in hay-
ing pale pink instead of crimson flowers, but in no other respect.
That tho cross had been effective (though the flowers on the crim-
son mother-plant had not been castrated) was well shown when the

3 =  for bwent, produced
‘pale pink flowers, exactly like those of their father; the six others
having crimson flowers exactly like those of their mother
and like those of all the self-fertilised seedlings. This caso
offers a good instance of a result which not rarely follows
from crossing varicties having differently coloured flowers;
namely, that ] blend, those
cither of the father or mother plant. The seeds of both lots,
after germinating on sand, were planted on opposite sides of
eight pots. When fully grown, the plants were measured to
the summits of the flower-heads, as shown in the following
tabl
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Tapie XXXIL
Theris umbellata ; O signifies that the Plant died.
Plaats from Spen-
Pants from . Croms -
o.of Pot, tancouly SeFfri-
TR RRAY | unouy Saic
Tnches, Inchos,
25 187 17
17 16
1 13
20f 15
1L 20 o
15% 168
17 15
L 19, 13§
18 14
15 133
v, 17} 184
181 14§
17§ 16
15 15
1] 13
V. 18} 164
143 16
16§ 144
15 1]
12§ 16]
VL ‘ 18, 16}
18/ 15
| 17§ 153
VIL 18 161
164 14
18§ 15
VIIL 201 151
17 16
13 20
194 15§
Total in inches. 520738 449°88

The average height of the thirty crossed plants is here
17°84, 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. It should, however,
o observed that in the last experiment (Table XXXL), the
erossed plants competed with plants of the third self-fertilised
 generation; whilst in the present case, plants derived from a
‘oross with a fresh stock competed with self-fertilised plants of
the first generation.
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. Tho thirty oroased plants produced
103 seed-bearing flower-heads, as well as some heads which
 yielded no seeds; whereas the twenty-nine sltftiised plants
 produced only 81 seed-bearing heads; therefore thirty such
plants would havo produced 537 hoads,

produced by tho crossed and self-fertilised plants. Moreover, a
‘number of seed-bearing heads from the crossed plants, com-
pared with the samo number from the self-fertilised, yielded
seods by weight, in the ratio of 100 to 92. Combining these
elements, viz, the number of sced-hearing heads and the
- weight of seeds in each head, the productiveness of tho crossed
the self-fertilised plants was as 100 to 75,

The crossed and solf-fertilised sceds, which remained after
above pairs had been planted, (some in a state of germina-
and some not so), were sown early in the year out of doors
n two rows. Many of the self-fertilised scedlings suffered
itly, and a much larger number of them perished than of
crossed. In the antumn the surviving self-fertilised plants

te plainly less well-grown than the crossed plants.

VIL PAPAVERACEZE.—PAPAVER VAGUM.
A wib-specics of . dubium, from the south of Francs.

The poppy does not secrete nectar, but the flowers are highly

conspicuous and aro visited by many pollen-collecting becs,

and beetles. The anthers shed their pollen very early, and

the case of P. rieas, it falls on the cireumference of the

ing stigmas, so that this species must often be self-ferti-

but with P. dubium the same result does not follow

to H. 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 specics, thercfore, does not seem 5o well
fitted for self-fertilisation as most of the others. Nevertheless
. 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 abundance of spontancously solf-
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 P,
bracteatum and orientale.

Plants of Papaver vagum were raised from seeds sent me from
Antibes through the kindness of Dr. Bornet. Somo little time
after the flowers had expanded, several were fertilised with
their own pollen, and others (nof castrated) with pollen from a.
distinet individual; but T 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 expansiont I raised, however, a few scedlings
of both lots, and the self-fertilised rather exceeded the crossed
plants in height.

Farly in the following year I acted difforently, and fertilised
seven flowers, very soon after their expansion, with pollen from
another plant, and obtained six capsules. From counting the
seeds in a medium-sized one, I estimated that the average
number in each was at least 120.  Four ot of twelve capsules,
spontancously self-fertilised at the same time, were found to
contain no good sceds; and the remaining eight contained on
an average 66 seeds per capsule. But it should be observed
that later in tho 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

- ZurSpeci ?1875,p.53.  done “on the seeond day, or even

+ Mr. J. Seoft G Roport o fow bous after the ctpansion

on the Experimental Culture of of the flower on tho 3, 0

the Opium Poppy * Caleutta 1874, purtial fertileation o=
P. 47), in the case of Papaver som- and a fow

aiferuiy that i Lo out ey tho ot wirosiont wariably pro-

stigmatio _surface beforo duced.” This proves at how okRY:

Frlocii oo i o period fertilisation takes place.

ere produced ; but if this was
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no difference. When fully grown, the flower-stalks were
to the summits of the seed capsules, with the follow-
ing result

Tapre XXXIIL
Papaver vagum.

No. of Pot. Crused Plants, | Sl ettt Phats,
Tncis.
& 24§
30
184
1L. 144 159
22 20§
194 14}
21§ 16§
iy 20§ 193
20 13§
20 18
. 254 231
24§ 23
v, 20 184
213 2
19 213
Total in inches, 32875 20313

. The fifteen crossed plants here average 21-91 inches, and the
n self-fertilised plants 19°54 inches in height, or as 100 to
These plants did not differ in fertility, as far as could be
d Dy the mumber of capsules produced, for there wero
ty-five on the crossed side and seventy-four on the self-
d side.

TSCHSOHOLTZIA CALIFORNICA.

m- plant s remarkablo from the crossed seedlings not ex-
eding in height or vigour the self-fertilised. On the other
, & cross greatly increases the productiveness of the flowers
the parent-plants, or, as it would be more correct to say, self-
etilisation lessens their productiveness. A cross is indeed
stimes necessary in order that the flowers should produce
iy seed. Moreover, plants derived from a cross are themselves
¢h more fertile than those raised from sclf-fertilised flowers
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5o that the whole advantago of a cross is confined to the re-
productive system. It will be necessary for me to give this
singular ease in considerable detail.

Twelve flowers on some plants in my flower-garden were
fertilised with pollen from distinct plants, and produced twelve
capsules ; but one of these contained no good seed. The seeds
of the cleven good capsules weighed 17-4 grains. Eighteen
flowers on the same plants wero fertilised with their own pollen
and produced twelve good capsules, which contained 1361
grains weight of sced. Therefore an equal number of crossed
and self-fertilised capsules would have yielded seed by weight
25100 to 7L* If we take into account the fuct that a much

than when self-fortilised, the relative fertility of the crossed to
the self-ertilised flowers was as 100 o 52. Nevertheless these
‘plants, whilst still protected by the net, spontancously produced
a considerable number of self-fertilised capsul

‘The seeds of the two lots after germinating on sand were
planted in pairs on the opposite sides of four large pots. At
first there was no difference in their growth, but ultimately
the crossed seedlings exceeded the self-fertilised considerably in
height, as shown in the following table. But I believe from

Taste XXXIV.
Esclscholtzia californica,

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

* Prof. Hildebrand _experi-  avemge cighty-five sceds, whilst
mented on plants in Germany on  fourteen capsiles from selffertls
o larger scalo than 1 did, aod  lised flowers contained on an
found them much more self-sterile. ~ average only nine sceds; that isy
Eightoon capsules, produced by  as 100 fo 11 *Jahrb. fir Wissen
eross-fertilizution, contuined on an  Dotanik.’ B, vi. p. 467. :
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mmumed plants hro avergo 29°63 inches, and the
fertilised 25°56 in height; or as 100 to 86.
i laadswerewvml a large pot in which a e
Tong been growing; and in
on tho ons sids et exceoded in height the two self-

ﬁlﬂwem on the crossed plants when again
more productive than the flowers on e sell'fert\hled
ts when again self-fertilised. Theso plants after seeding
cut down and kept in the greenhouse; and in the
year, when grown again, their relative heights were
msed, as the self-fertilised plants in three out of the four
wero now taller than and flowered before the crossed

d and self-fertilised. Plants of the Second Generation.—The
 just given with respect o the growth of the cut-down
made mo doubtful about my first trial, so T

umum Eleven pairs were raised and grown in

in sual manner; and now the result was

#, for tho two lots were nearly equal during their wholo

th. It would therefore be superfluous to give a table of

hd;hh When fully grown and measured, the crossed

43247, and the self-fertilised 32-81 inches in height;

100 t0 101, Thero was no great difference in the number

rs and capsules produced by the two lots when both
freely exposed to the visits of insccts.

raised from Brasilian Sced —Fritz Miller sent me from

 Brazil sceds of plants which were there absolutely

lo when fertilised with pollen from the same plant, but

fertilo when fertilised with pollen from any

plant, The plants raised by me in England from these
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seeds were examined by Professor Asa Gray, and pronounced
to belong to . californica, with which they were identical in
general appearance. Two of these plants were covered by a
net, and were found not to be so completely self-sterile as in
Brazil. But I 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. Eight flowers on these same
plants, fertilised with their own pollen, produced seven capsules,
which contained on an average only twelve seeds, with o maxi-
mum in one of sixteen seeds. Therefore the cross-fortilised
capsules, compared with the self-fertilised, yielded seeds in the
Tatio of about 100 to 15, These plants of Brazilian parentage
differed also in & marked manner from the English plants in
producing extremely few spontancously self-fertilised capsules
under a nct.

Crossed and self-fertilised sceds from tho above plants, after
germinating on bare sand, were planted in pairs on the opposite
sides of five large pots. The scedlings thus raised wero the
grandehildren of the plants which grew in Brazil; the parents
having been grown in England. As the grand-parents in
Brazil absolutely require eross-fertilisation in order to yield
any seeds, I 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. 1t will be sufficient to state that the fourteen crossed
plants averaged 44-64, and the fourteen self-fertilisod 4512
inches in height; or as 100t 101

The Effects of a Cross with afresh Stock—T now tried a different
experiment. Eight flowers on tho self-fertilised plants of the
Inst experiment (i.¢., grandehildren of the plants which grew in
Brazil) were again fertilised with pollen from the samo plant,
and produced five capsules, containing on an averago 27-4
seeds, with a maximum in one of forty-two seeds. The scedli
raised from these sceds formed the second selfferilised generation
of the Brazilian stock.

Eight flowers on one of the crossed plants of the last experi-
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ment were erossed with pollen from another grandchild, and
produced five capsules. These contained on an averago 816
‘seeds, with a maximum in one of forty-nine sceds. ~The seedlings

maised from these seeds may be called the Intercrossed.
Tastly, eight other flowers on the crossed plants of the last
experiment were fertilised with pollen from a plant of the
English stock, growing in my garden, and which must have
‘been exposed during many previous generations to very 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 seods, with &
‘maximum in one of ninety. The plants raised from these seeds
‘may be called the Englisi-crossed. ~ As far as the above averages
can be trusted from so few capsules, the English-crossed capsules
contained twice as many seeds as the intercrossed, and rather
than twico as many as the self-fertilised capsules. The
‘plants which yielded these capsules were grown in pots in the
, 50 that their absolute productivencss must not be

compared with that of plants growing out of doors.
The above three lots of seeds, viz., the self fertilised, inter-
erossed, and English-crossed, were planted in an equal state of
(having been as usual sown on bare sand) in nine
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
seodlings thus raised are the great-grandchildren of tho plants
which grew in Brazil. When they were from 2 to 4 inches
height, the three lots were equal. They were measured when
Afths grown, and again when fully grown, and as their
beights were almost exactly the same at these two
t

of the cighteen intercrossed plants (for one died), 43-38;
that of the nincteen self-fertilised plants, 503 inches. So
that we havo tho following ratios in height:—

' The English-crossed to the self-fertilised plants, as 100 to 109
i to the intercrossed plants, as 100 to 94
The intercrossed fo the self-fertilised plants, as 100 to 116
After tho secd-capsules had been gathered, all these plants

ent down close to the ground and weighed. The nineteen
plants weighed 1825 ounces; the intercrossed
¥
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plants (with their weight calculated as if there had been nine-
teen) weighed 18°2 ounces; and the nineteen self-fertilised
plants, 21°5 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 intercrossed plants, as 100 to 100
The intercrossed to the self-fertilised plants, as 100 to 118

We thus sce 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 threo kinds, whether or not in
stato of germination, were sown in three long parallel Tows in
the open ground; and here again the self-fertilised scedlings
exceeded in height by between 2 and 3 inches the scedlings
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-
fertilised ; 5o 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 the self-frtilised plants which wero
in tho nin pots wero superior in height, (as 116 o 100), and I
‘weight (as 118 to 100), and apparently in hardiness, to the inter-
crossed plants derived from & cross between the grandchildren
of the Brazilian stock. Tho superiority is here much more
strongly marked than in the second trial with the plants of the
English stock, in which the self-fortilised wero to the crossed in
height as 101 to 100. It is a far more remarkable fact—if we
bear in mind the effects of crossing plants with pollen e
frosh stock in the cases of Ipomeea, Mimulus, Brassica,
Tberis—that the self-fertilised plants exceeded in height o m
to 100), .na in weight (a8 115 to 100), the ofpring o
Brazilian stock crossed by the English stock; mmm—h
having e long subjected to widely difforent conditions,

If we now tura to the fertility of tho threo lots of plats we
find a very different result. I may premiso that in five out of
the nine pots the first plant which flowered was one of the English-
crossed ; in four of the pots it was a sclf-fertilised plant; and in
not one did an infererossed plant fower first; 5o that these
Intter plants were beaten in this respect, as in so many other
ways. The threo 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
‘net, but set a multitude of capsules immediately that they were
uncovered, proves how effectually the bees carry pollen from
- plant to plant. My gardener gathered, at three successive
times, an equal number of ripe capsules from the plants of the
three lots, until he had collected forty-five from each lot. It is
ot possible to judge from external appearance whether or not a
capsule contains any good seeds; so that I opened all the cap-
sules. Of the forty-five from the English-crossed plants, four
were empty; of those from the intercrossed, five were empty ;
and of those from the self-fertilised, nine were empty. The
‘seeds wero counted in twenty-one capsules taken by chance out

Caar. IV.

CROSS WITH A FRESH STOCK.

from the English-crossed plants was 67; from the intercrossed,
6; and from the self-fertilised, 48-52. Tt therefore follows that
Seeds.

The forty-five capsules (the four empty ones in-
M) from the English-crossed plants contained 2747
The forty-five capsules (the five empty ones in-
cluded) from the intererossed plants st S
The forty-five capsules (the mine empty ones in-
lded) from the ol fertlsod pants contained - 17467

The reader should remember that these capsules aro the pro-

0 constitution of the plants;—that is, on whether they were
from a cross with a distinct stock, or from a cross
plants of the same stock, or from self-fortilisation.
tho abovo fucts we obtain the following ratios:

_ Number of seeds contained in an equal number of naturally

‘produced
"By the English-crossed and selffertlisod plants, a5 100 to 63
By the English-crossed and infercrossed plants,  as 100 to 81
By the intercrossed and self-fertilised plants, a5 100 to 78

But to have ascertained tho productivencss of the threo lots

f plants, it would have been necessary to kuow how many

ypsules were produced by the same number of plants. The
12
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three long rows, howaver, were not of quite equal lengths, and
the plants were much crowded, 5o that it would have heen ex-
tremely difficult fo have ascertained how many capsules were
produced by them, even if T had been willing to undertake so
Iaborious a task as to collect and count all the capsules. But
this was feasible with the plants grown in pots in the green-
house; and although these wero much less fertilo than those
‘growing out of doors, their relativo fertility appeared, after care-
fully observing them, to be the same. The nineteen plants of
the English-crossed stock in the pots produced altogother 210
capsules; the intererossed plants (caleulated us ninetoen) pro-

duced 15722 capsules; and the nineteen self-fertilised pllnh
152 capsules.  Now, knowing the number of seeds contai
forty-five capsules of each lot, it is easy to ealculate u:eml.mn
numbers of sceds produced by an equal number of the plants of
the three lots.

Number of seeds produced by an equal number of natorally-
fertilised plants.

Plants of English-crossed and self-fertilised

Seeds,

parentage. . . . . . . as100tod0

Plnnm ol the English-crossed and intercrossed

. as100tod5

Phnh of I.ha mwmmesed lnd m].“'emlk«l
purentage. . .. as100to 89

The superiority in productivencss of the intercrossed plants
(that is, the product of a cross between the grandebildren at the
plants which grew in Brazil) over the self-fertilised, small as itis,
is wholly due to the larger average nuwmber of seeds contained in.
the capsules; for the intercrossed plants produced fower cape
sules in the greenhonse than did the scif-fertilised plants. The
great superiority in productiveness of the English-crossed over.
the eclf-fortilised plonts is shown by the larger number of
sapsules produced, tho larger average number of contained scods,
and the smaller number of empty capsules. As the Englis!
crossod and intercrossed plants were the offspring of crosees in
every provious generation (as must have been the case from the
flowers being sterile with their own pollen), we may coneludo that
the great superiority in productiveness of tho English-crossed
over the intercrossed plants s dno fo the two parents of
former having been long subjected to different conditions.
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The English-crossed plants, though so superior in productive-
ness, were, as wo havo seen, decidedly inferior in height and
weight to the self-fertlised, and only equal to, or hardly superior
4o, the intercrossed plants. Theroforo, the whole advantage of &
eross with a distinet stock is here confined to productiveness, and
1 bave met with no similar case.

VIIL RESEDACE/E.—RESEDA LUTEA.

Seeds collected from wild plants growing in this neighbour-
hood were sown in the kitchen-garden; and several of the
scedlings thus raised were covered with a net. Of these, some
were found (as will hereafter be more fully deseribed) 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-
taneously self-fertilised capsules. The remaining plants were
left uncovered, and as pollen was carried from plant to plant by
the hive and humble-bees which incessantly visit the flowers,
they produced an abundance of capsules. Of the necessity of
pollen being carried from one plant to another, T had ample
evidence in the case of this species end of . odorata ; for those
plants, which set 1o seeds or very fow as long as they were
ted from insects, bocamo loaded with capsules immedistely

that they were uncovered.

Seeds from the flowers spontancously self-fertlised under the
net, and from flowers naturally crossed by the bees, were sown on
opposite sides of five large pots. The scedlings were thinmed as

~ soon as they appeared above ground, so that an equal number
were left on the two sides. After a time the pots were plunged
info the open ground. The same number of plants of crossed
and self-fertilised parentage were measured up to the summits
of their flower-stems, with the result given in-the following

 tablo (XXXV.). Those which did not produce flower-stems were
not measured.

The averago height of the twenty-four crossed plants is here
17°17 inches, and that of the same 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 some capsules already
formed, were afterwards cut down and weighed. The crossed
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‘weighed 90°5 ounces; and an equal number of the self-fertilised
only 19 ounces, or as 100 to 21; and this is an astonishing
difference.

Tasre XXXV.
Reseda lutea, in pots.
o, of Pot. Crosed Plants. | Selfortiised. Plants,
Inches, Inches.

z 21 12¢
144 15

19} 1

7 15

15} 19

. 204 1
17 16

23] 16

17 18

20} 13

. 16 144
17 19

16§ 2

10 7

10 17§

v, 22§ 9
19 114

187 i1

164 18

19§ 164

. 25§ 14
22 b

8 144
14 14§

Total in inches. 412:25 85088

Soeds of the samo two lots were also sown in two adjoining
rows in the open ground. There were twenty crossed plants in
th one row and thirty-two self-fertilised plants in the other
row, 80 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 seriously fo interfere with cach othor's
growth, and the ground was bare on the outside of both rows.
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Theso plants wero better nourished than those in the pots and
grew to a greater height. The eight fallest plants in each row
were measured in the same manner as before, with the following
result:—
Tapie XXXVL
Reseda lutea, growing in the open ground.

Crossed Plants. | Self-fertitisod Plants.

was one of tho self-fertilised. The self-fertilised plants had
and paler green leaves than the crossed. All the plants

‘the two ows wero afterwards cut down and weighed. The
crossed. plants weighed 65 ounces, and twenty self-forti-

tilised plants) weighed 26°25 ounces; or as100to 40. There-
the crossed plants did not exceed in weight the self-fertilised
a dogreo as those growing in the

jpetition. On
o sel-fetilised in height in a slightly greater degres.

RESEDA ODORATA.
" Plants of the common mignonette were raised from purchased
sced, and. soveral of them wero placed under separate nets. Of
somo became loaded with spontancously self-fertilised. cap-
5 others produced a fow, and others not a single one. It
‘not bo supposed that theso latter plants produced 1o seed
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because their stigmas did not reccive any pollen, for they were
repeatedly fertilised with pollen from the ssme plant with no
effect; but they were perfectly fertile with pollen from any other
plant.  Spontaneously self-fertilised seeds were saved from one
of the highly self-fertile plants, and other sceds were collectal
ffom the plants growing outside the mets, which bad been
crossed by the bees. Theso seeds after germinating on sard
were planted in pairs on the opposite 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 here
have the result

Tanue XXXVIL
Reseda odorata (sedlings from a highly Self-fertie Plant).
No.ofPot | Croed Pants, | Sttt Pant,
ey e
L 20 g
34 28}
26 25}
321 504
344 285
34 50§
11 23
33 30}
L 173 44
27
504 26
30 25
. 21 29
28! 25'
524 15
s2{ 2
Y. 21 & 11
25 107
2 10}
otal i faches, 32225 42850

The average height of the nineteen crossed plants is hera
27°48, and that of the nineteen self-fertilised 22-55 inches ; or as
100 to 82, All these plants were cut down in the carly autumn
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Cmar. IV. RESEDA ODORATA. 121

and weighed : the crossed weighed 115 ounces, and the self-
fertilised 775 ounces, or as 100 to 67. These two lots having
been left freely exposed to the visits of insects, did not present
any difference to the eye in the number of seed-capsules which
they produced.

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

Tapie XXXVIIL
Reseda odorata, growing in the open ground.

[ [——

|
|

The average height of the eight crossed plants is 25°76, and
‘Dt of the eight self-fertilised 2709 ; or as 100 to 105.
‘We here have the anomalous result of the self-fertilised plants
 being a little taller than the crossed ; of which fact I can offer
10 explanaticn. 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 a net ; and as several flowers on
‘this same plant had been fertilised with pollen from a distinet
individual, crossed sceds were thus obtained. I expected that the

from this semi-self-sterile plant would have profited

a higher degree from a cross, than did the seedlings from
the fully ile plants, Butmy anticipation was quite wrong,
they profited in s less degree. An analogous result followed in
case of Eschscholtzia, in which the offspring of the plants of
parentage (which were partially self-sterile) 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 crossed 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:—

Tapie XXXIX.
Reseda odorata (seedlings from @ semi-self-sterile Plant).
No.of Pot. Cromsed Plants, | Slfortilised Plants.
Toches. Inches.
L 33, 31
30§ 28
29 137
82
1L 22 21
33, 26
31 251
82, 304
L. 80 17;
82, 20
31 24
32, 343
1v, 19, 208
30, 32§
24 31
80§ 364
V. 34 2§
87,
813 22
3 87,
Total 1n inches. 509°75 55425

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
9. Thmphnhwmﬁzmcntdmlniwa(ghed and the
crossed i ilised in weight by a mere
trifle, viz, in the ratio of 100 f0.99. Tho two lots,lot freely
exposed to insects, seemed to be equally fartile.

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:—

Tasie XL.

Reseda odorata (seedlings from a semi-self-sterile Plant, planted
] in the open ground)

Crossed Plants. | Sel-fertlised Plants,

283 22§
2 24§
25| H
25§ 214
29, 22§
27 27§
22§ 27§
26§ 19§

T t207-38

The average height of the eight crossed plants is here 25°92,
that of the cight sclf-fortilised plants 23-54 inches; or as
10 90.

IX. VIOLACEZE.—VIOLA TRICOLOR.

Whilst tho flowers of the common cultivated heartseaso are
the anthers shed their pollen into o little semi-cylin-

cal passage, formed by the basal portion of the lower petal,
| surrounded by papille. The pollen thus collected lies
beneath the stigma, but can seldom gain access into its
lmept by the aid of insects, which puss their proboscides

ohtung lor hi
¢ md i “Naturo” Nov Sir 3 Lubbook in his Hiton
pAs W Vild Elowerer o p.
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uncovered plant of the same variety, growing close by, produced
105 fine capsules. The few flowers which produce capsules when
inscots are excluded, are perhaps fertilised by the curling inwards
of the petals as they wither, for by this means pollen-grains
adhering to the papille migltt bo inserted into the cavity of the
stigma. But it is more probablo that their fortilisation is cffccted,
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 T have more than

once seen flies (Rhingia rostrata) at work, with the under sides of

tbmbodlu,hudalnﬂlegldnswdm(hpnllm and having
marked the flowers which they visited, I found them after a fuw
days fertilised.* It is curious for how long a time the flowers of
the heartsease and of some other plants may be watched without
an insect being seen to visit them. During the summer of 1841, T
observed many times dnly for more than a fortnight some large
clumps of heartsease growing in my garden, before saw a single
‘humble-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,
1 presume that a certain state of the atmosphere is necessary
for the secretion of nectar, and that as soon as this occurs the
insects discover the fact by the odour emitted, and immediately
frequent the flowers.

As the flowers require the aid of insects for their complete

I should add that this fly  of these bees doing so. . Milller
-pp.nnny did nok suck tho nec.  hes tes seen the Hirebes: nt'uk'
. but was att bat ouly on the wl

flowered“form.
(* Nature, naw.,‘;l 5 of .u the
insets
both the Ilrgn od el ﬂw

n. Fro

50t thoet papilie st bo 15 b st of natue e vilboh ‘more
somo wey atiractive o nsects, A froquently by inscts than those
writer S (* Zoolog i ot

iii-iv, p. 1226) that a moth seen ser tterflies
(Pl h) freqmtly mm the ing the fluwers of wild plants,

owers of nﬂ ve-boca  and this L have never observed i
do not ondin it them, bat gardens, though I havo watshed
‘flowers during many year,
deners’ Chmnlc!e.' ls«, 314) S
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fortilisation, and s they are not visited by inseots nearly so often
as most other nectar-secreting flowers, we can understand the
remarkable fact discovered by H. Miiller and described by him
in * Nature, namely, that this species exists under two forms.
One of these bears conspicuous 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
Iess conspicuonsly coloured flowers, which are constructed on a
slightly diftaent pla, vouring olf-etilisaton, and aro thus
pted to ensure the propagation of the species. The self-
ﬁamlu form, however, is occasionally visited, and may be crossed
by insects, though this is rather doubtful.
Tnmy first experiments on Viola tricoor I was unsuccessful i o
‘maising seedlings, and obtained only one full-grown crossed an
B e Sack. o orme was 194 nebes wnd fhe ietter 8
inches in height. On the following year several flowers on a
fresh plant were crossed with pollen from another plant, which
- was known to be a distinct seedling; and to this point it is im-
’Flhnﬂ to attend. Several other flowers on the same plant
fertilised with their own pollen. The average number
d seeds in the ten crossed capsules was 18-7, and in the twelve
‘selffertilised capsules 12-88; or as 100 to 69. These seeds,
after germinating on lare sand, were plnted in pairs o the
of five pots. They wero first measured when
B & i of e Tl cae, 30 the cremsen plants then
averaged 887 inches, and the sclf-fertilised only 200 inches in
Deight; or a5 100 to 52. They wero kept n the groenhonse, and
d not grow vigorously. Whilst in flower they were again
B ecred o tho summitsof thir stems (sco Tublo XLL), with
the following
The average he-gm of the fourteen erossed plants is here 558
that of the fourteen self-fertilised 2°87; or as 100 to
In four out of the five pots, a crossed plant flowered before
one of the self-fertilised ; as likewise occurred with the pair
during tho provious Year. Theso plants without being
bed were now turned out of their pots and planted in the
n ground, 5o as to form five separate clumps. Early in the
g summer (1869) they flowered profusely, and being
ited by humble-bees set many capsules, which were carefully
Il from all the plants on both sides. The crossed plants
167 capsules, and the self-fertilised only 17; or as
t0 10. So that the crossed plants were more than twice the
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height of the self-fertilised, generally ﬂvwered first, and produced
ten times as many naturally fertilised caps:

Tapie XLL

Vida tricolor.

o, of Pot. Crossed Plants.

Tnches,
L 83
i}
5

Total in inches. | 78:13 ‘ 83:25

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 self-fertilised, that any comparison between them was
superfluous. The crossed plants were covered with a sheet of
bloom, whilst 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,
1 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
solf.fertilised plants in all five clumps, was no doubt due to
the crossed plants at first having had a decided advantago over
the self.fertilised, and then robbing them more and more of their.
food during the succeeding seasons. But we should remember
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that the same result would follow in a state of nature even to
greater for my plants grew in ground kept clear of
weeds, so that the sclf-fertilised had to compete only with the
crossed plants; whereas the whole surface of the ground is
naturally covered with various kinds of plants, all of which
 bave to struggle together for existence.

ensuing winter was very sovere, and in the following
spring (1871) the plants were again examined. Al the self-
fertilised were now dead, with the exception of a single branch on

fertilised plants, besides their inferiority in other respects,
were more tender.

“Another experiment was now tried for the sake of ascertaining

ow far the superiority of the crossed plants, or to speak morc

ectly, the inferiority of tho self-fertlised plants, would be

th, after germinating on sand, were planted in pairs on
opposito sides of three pots. The naturally crossed seedlings

Tase XLIL
tricalor : seedlings from crossed and self-fertilised Plants, the
parents of both sets lving been It to be naturally fertilised.

Nuturally crosed | Natunlly erossed
o] Neorre it | Planta from selte
clally cromed Piants.|  feilsed P,

Inches Tochen,

T 12 91

11 81

1L 133 9%

10 11}

o P

| 13 1

Total in inches. ’ 7538 6188
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derived from the crossed plants flowered in all three pots before
the naturally crossed seedlings derived from the self-fertilisad
plants. When both lots were in full flower, the two tallest
plants on each side of each pot were measured, and the Tesult
is shown in the preceding table.

The average height of the six tallest plants derived from the
crossed plants is 1256 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
between the two sets, though very far from equalling that in the.
previous trials between the offspring from crossed and self-
fertilised 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 themselves had been freely inter-
crossed with other plants by the aid of insects.

X. RANUNCULACEE.—ADONIS BSTIVALIS.
The results of my experiments on this plant are hardly worth
giving, as I remark in my notes made af the time, “scedlings,
from some unknown 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 I have arrived.
Fifteen flowers were crossed and all produced fruit, containing
on an average 32-5 seeds; nincteen flowers were fertilised with
their own pollen, and they likewise all yielded fruit, containing
a rather larger averago of 34°5 sceds; or as 100 to 106. Seedlings
were raised from theso seeds. In one of the pots all the self-
fertilised plants died whilst quite young; in the two others, the
‘measurements were as follows :
Taste XLIIL
Adonis wstivalis.

e e
Inches
L 14
134
. |
|
Tofal in inches. |
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average height of the four crossed plants is 1425, and
'Mo{ﬂ!e{nur sel-fertilised plants 14-31; or as 100 to 100-4;
50 that they wore in fact of equal height.  According to Professor
H. Hoffmann,* this plant is proterandrous; nevertheless it yields
‘plenty of seeds when protected from insects.

DELPHINIUM CONSOLIDA.

It has been said in the case of this plant, as of so many
ofhers, that the flowers are fertilised in the bud, and that
distinct plants or varieties can never naturally intercrosst But
this is an error, as we may infer, firstly from the flowers being
,—the mature stamens bending up, one after the
‘oth- 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 distinct plant than when spontaneously self-fertilised. In
‘the year 1863 T enclosed a large branch in a net, and crossed five
flowers with pollen from a distinct plant; thes yielded capsules
‘containing on an average 35°2 very fine sceds, with a maximum of
forty-two in one capsule. Thirty-two other flowers on the same
~ branch produced twenty-eight spontaneously self-fertilised cap-
sules, containing on an average 17-2 sceds, with a maximum in
one of thirty-six seeds. But six of these capsules were very poor,
yielding only from one to five sceds; if theso aro excluded, tho
Temaining twenty-two capsules give an average of 20°9 seods,
though many of these sceds were small. The fairest ra
therefore, for the number of seeds produced by a cross and by
‘spontancous self-fertilisation is as 100 to 59. Theso seeds wero
0t sown, as T bad too many other experiments in progress.
Tn the summer of 1867, which was a very unfavourable one,
again crossed several flowers under a net with pollen from
Mplm and fertilised other flowers on the same plant wi
their own pollen. The former yielded  much larger proportion
‘of capsules than the latter; and many of the seeds in the self-
fertilised olwnlas, though mumerous, were so poor that an equal
number of from the crossed and self-fertilised capsules

| *‘Zur Speciestrage’ 1875, % Their structure is described
byH Miller, Befruchtusg’ .

Decaiene, * Comptes-Rendus

, 1863, p. 5.

K
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were in weight as 100 to 45. The two lots were allowed to
germinato on sand, and pairs were planted on the opposite sides
of four pots. When nearly two-thirds grown they were
‘measured, as shown in the following table :—

Tasue XLIV.
Delphinium consolida.

o of Pot. Crossed Plants. | Seltferilised Plants.
Inches. Inches.
1 11

i 19 | 163
f ook

2

of

I
1
0| 8
il
| 7550

Total in inches. 8975

The six crossed plants here average 14-95, and the six self-
fertilised 1250 inches in height ; o as 100 o 4. When fally
grown they were again measured, but from want of time only a.
singlo plant on each sido was measured ; 80 that I havo thought

plants were very much more productive than he self-fortilised.

XI. CARYOPHYLLACEZE.—VISCARIA 0CULATA.
Twelve flowers were crossed with pollen from another plant,
and yielded ten capsules, containing by weight 577
seeds. Eighteen flowers were fertilised with their own pollen
and yielded twelve capsules, containing by weight 2-63 grains.
Thereforo the sceds from an equal number of crossed and self-

i
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fertilised flowers would have been in weight as 100 o 38. Thad
prviouly sclocted s molium-id capeule from each ot
counted the sceds in both; tho crossed one contained 284, and
the sel-frtilised one 126 sceds; or as 100 to 44. These seeds
were sown on opposite sides of three pots, and several seedlings
mised; but only the tallest flower-stem of one plant on cach
side was measured. Tho three on the crossed side averaged 825
inches, and the threo on the self-fortilised side 34 inches in
height; or as 100 to 104. But this trial was on much too small
@ seale to be trusted; the plants also grew so unequally that
om0 of the three flower-stems on the crossed plants was very
QIR ot i s o iy o of
the threo flower-stems on the self-fertilised plants exceeded in

an equal degree one of the others.

In the following year the experiment was repeated on a larger
‘seale: ten flowers were crossed on & new sot of plants and
yielded ten capsules containing by weight 654 grains of seed.
Righteen spontaneously self-fertilised capsules were gathered,
of which two mnhmed no seed ; the other sixteen contained by

an equal number of crossed and spontaneously self-fertilised
flowers (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
‘erowded in the opposite sides of a fifth pot; in this latter pot
only the tallest plant on each side was measured. Until the
seedlings had grown about 5 inches in height no difference
“conld be perceived in the two lots. Both lots flowered at nearly
the same time. When they had almost done flowering, the
flower-stem on each plant was measured, as shown in the
tbving table (XLV.).

The fifteen crossed plants here average 34°5, and the fifteen
ised 33°55 inches in height; or as 100 to 97. So that
excess of height of the erossed plantsis quite insignificant. In
productiveness, however, the difference was much more plainly
All the capsules were gathered from both lots of plants
from the crowded and uuproductive ones in Pot V.), and
the close of the season the few remaining flowers were added
The fourteen crossed plants produced 381, whilst the four-
self-fertilised plants produced only 293 capsules and flowers,
25100 to 77.
; K2
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Tase XLV,
Visearia oculata.
No.of Pot. Crossed Plants, | Self-fertlined Planta,
)3 19 324
83 38
41 38
41 283
I 37, 36
36, 524
354
. “1 uz
20
30§
. i 6
31 39
334 29
24 384
e 30} 33
Crowded.
Total in inches. 517+63 50338

DIANTHUS CARYOPHYLLUS.

The common carnation is strongly proterandrous, and there-
fore depends to a large extent upon insects for fertilisation, I
have seen only humble-bees visiting the flowers, but I dare say
other insects ikewise do so. 1t is notorious that if puro seed is

prevent the varieties

.mnhddihmhth‘nmwhtolludapmduud by these M
forms of self-fertilisation.

* * Gandeners’ Chronicle; 1847, p. 268
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Several single-flowered carnations were planted in good soil,
and were all covered with a net. Eight flowers wero crossed
with pollen from a distinet plant and yielded six capsules,
containing on an average 856 seeds, with & maximum in one of
112 sceds. Eight other flowers were self-fertilised in the
‘manner above described, and yielded seven capsules containing
on an averago 82 seeds, with o maximum in one of 112 sceds.
80 that there was very little difference in the mumber of seeds
produced by cross-fertilisation and self-fertilisation, viz., as
100 to 92. As theso plants were covered by & net, they pro-
duced spontancously only a fow 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
largo majority of the spontaneously self-fertilised capsules pro-
duced by several plants contained no seeds, o only a single one.
Excluding these latter capsules, T counted the sceds in eighteen
of the finest ones, and these contained on an average 18 seeds.
Onoof the plants was spontaneously self-fertile in a higher degreo
than any of the others. On another occasion a single covered-up
plant produced spontancously cighteen capsules, but only two of
theso contained any seed, namely 10 and 15.

Crossed and selffertilised Plants of the First Generation—Tho
many seeds obtained from the above crossed and artificially
self-fertiltsed flowers were sown out of doors, and wo large beds
of secdlings, closely adjoining one another, thus raised. This
was the first plant on whioh I experimented, and I had not
then formed any regular scheme of operation. When the two
Tots were in full flower, I measured roughly a large number of
plants, but record only that the crossed were on an average
fully 4 inches taller than the selffertilised. 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 crossed ones
flowered before any one of the self-fertilised plants.

Thirty flowers on these crossed plants of the first generation

wero again crossed with pollen from a distinct plant of the same
Iot, and. yielded twenty-nine capsules, containing on an average
5562 sceds, with & 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

© The Complete Work of Charles Darwin Online



134 DIANTHUS CARYOPHYLLUS. Cuar. IV.

plant; and these produced twenty-two capsules, containing on an
averago 8595 seeds, with & maximum in ono of 61 sceds. 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 tho crossed and self-fertilised plants, from having grown
much crowded in the two beds, produced less fine capsules and
fewer seeds than did their

Crossed and self-fertilised Plants of the Second Generation.—The
erossed and self-fortilised seeds from tho 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
grow vary irregularly, and most of the self-fertilised plants after
4 timo died from being smothered. My measurements were,
therefore, very incomplete. From tho first the crossed seedlings
appeared the finest, and when they were on an average, by esti-
mation, 5 inches high, the solf-fortilised plants were only 4
inches. In both pots the crossed plants flowered first. The two,
tallest flower-stems on the crossed plants in the two pots were
17 and 16} inches in height; and the two tallest flower-stems
on tho self-fertilised plants 10} and 9 inches; o that their
heights wero 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
stato in my notes that the crossed plants wero very much moro
luxuriant than their opponents, and seemed to be twice as
bulky. This latter estimate may be believed from the ascertained
weights of the two lots in the next generation. Some flowers
on these crossed plants were again crossed with pollen from
another plant of the eame lot, and some flowers on the self~
fertilised plants again self-fertilised; and from the sceds thus
obtained the plants of the next generation wero raised.

Crossed and self-fertilised Plants of the Third Generation.—The
seeds just alluded to wero allowed to germinate on bare sand,
and were planted in pairs on the opposite sides of four pots,
When the scedlings were in full flower, the tallest stem on cach
‘plant was measured to the base of the calyx. The measurements’
are given in the following table (XLVL). In Pot I. the crossed
and self-fertilised plants flowered at the same time; but in the
other threo pots the crossed flowered first, Theso latter plants
also continued flowering much Iater in tho autumn than the
self-fortilised. 1
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Tasie XLVL
Dianthus caryophyllus (Third Generation).
No. of Po. Crossad Plants, | Solfferilised Plants,
Tnches. Inches.
X 28 30
27§ 2
. 29 307
293 7]
1L 284 31§
234 2}
. 2 30
25
Tatal in inches.

they usly
B cicht cromsd plants prodaced twvatousissoh

es, of which only twelve contained any seed, averaging
per capsule. On tho other hand, the eight self-fortilised
produced no less than thirty-six capsules, of which I
twenty-five, and, with the exception of three, all

This anomalous result is probably due to some of the
If-fertilised plants having varied so as to mature their pollen
stigmas more nearly at the same time than is proper to
species ; and wo have already seen that some plants in the
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first experiment diffored 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 same plants. These produced fifteen capsules,
which contained (omitting two with only three and six se«ds)
on an average 47-23 sceds, with a maximum of seventy in one.
The self-fertilised capsules from the self-fertilised plants of the
first generation yielded the much lower average of 35-95 seeds;
but as these latter plants grow extremely crowded, nothing ean
be inferred with respect to this difference in their self-fertiliy.
The seedlings raised from the above sceds constitute the plants
of the fourth selffertilised generation in the following table
(XLVIL).

Tyelve flowers on the same plants of the third self-fortilised
generation, in Table XLVL, were crossed with pollen from the
crossed plants in the samo table. These crossed plants had been
intercrossed for the three previons generations; and many of
them, no doubt, wero more or less closely inter-related, but not.
50 closely as in some of the experiments with other species; for
several carnation plants had been raised and crossed in th
earlior generations. They were not related, or only in a distant
dogree, to tho solf-fertilised plants, The parents of both the
self-fertilised and crossed plants had been subjeted to as nearly |

as possible the same conditions during the threo provious genera-
tions. The above twalve flowers produced ten capsules, contain-
ing on an average 4866 sceds, with a maximum in one of
seventy-two seeds. The plants raised from these seeds may be
called tho intercrossed.

Lastly, twelve flowers on the samo self-fertilised plants of the
thind generation were crossed with pollen from plants which
had been raised from seeds purchased in London. It is almost
certain that the plants which produced these sceds had grown
under very difforent conditions to those to which my self-
fertilised and crossed plants had been subjected ; and they were
in 1o degree related. The above twelve flowers thus crossed
all produced capsules, but these contained tho low average of
87+41 seeds per capsule, with & maximum in one of sixty-four
seeds, It is surprising that this cross with a fresh stock did not:
give & much higher average number of sceds; for, as wo shall
immeditely see, the plants raised from theso seeds, which may
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called the Zondon-crossed, bencfited greatly by the cross, both
growth and fertility.
' The above three lots of seeds wero allowed to germinate on

; and many of the intercrossed later

ﬁnhomm other two lots. The seeds after thus germina-
ting were planted in ten pots, made tripartite by superficial

Tasue XLVIL
Dianthus caryophyllus,
London-crossed Selffertilised
No.of Pot. don-crosed | 1percromed Pla fert
Tnches. Tnches. Tnches.
1 39 25 203
30 21
I 67 229
A - +
L 28 304
+ 24
. 33 85§ 30
28 8 244
v 2 84, +
0 24 +
VL 82 24 301
5t i u{
ViL 41, 29 g
84 2 7
viIL 34 2 26§
2 [ +
1 IX. 25§ 284 +
[ + )
X 88 28y 22
824 + o
Total in inches.| 52513 42000 26550
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divisions; but when only two kinds of seeds germinated at 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 Table XLVIL An 0 in the table signifies that the scedling
died before it was measured; and a + signifies that the plant
did not produce a flower-stem, and thercfore was not measured.
1t deserves notice that o less than cight out of the cighteen self-
fertilised plants either died or did not flower; whereas only

‘plant
fertilised plants had a decidedly loss vigorous appearance
than tho plants of the other two lots, their leaves being
smaller and narrower. In only ono 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 wero mensured to the base of the calyx, after they
had completed their growth, late in the autumn. 4

The average height of the sixteen London-crossed plants in
the preceding table is 3282 inches; that of tho fitteen intor-
crossed plants, 28 inches; and that of tho ten solf-fortilised
plants, 26-55.

So that in height we have the following ratios:—

The London-crossed to the self-fertilised as 100 to 81
The London-crossed to the intercrossed as 100 to 85
The Intercrossed to the sclf-fertilised as 100 to 95

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

The sixteen London-crossed plants actually produced 286
capsules; therefore twenty such plants would have produced:
3575 capsules; and from the actual weight of the sceds, the
twenty plants would have yielded 462 grains weight of seeds.
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‘The fifteen intercrossed plants actually produced 157 capsules;
thereforo twenty of them would have produced 209°3 capsulos,
BB s seci wocld. b weighod 20643 graine

The ten self-fertilised plants actually produced 70 capsules:
therefore twenty of them would have produced 140 capsules;
and the seeds would have weighed 153-2 grains,

From theso data wo got the following ratios

Number of capsules produced by an equal number of plants of
the three lots.

Number of
The London-crossed to the sel{-fertilised, as 100 to 39
The London-crossed to the intercrossed, as 100 to 45
The Intercrossed 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-fertilised, as 100 to 33
The London-crossed to the intererossed, as 100 to 45
The Intercrossed to the self-fertilised, as 100 to 73

We thus see how greatly the offspring from the self-fertilised
,nh of the third generation crossed by a fresh stock, had
fheir fertility increased, whether tested by the number of cap-
produced or by the weight of the contained seeds; this
being tho moro trustworthy method. Even tho offspring

In conclusion it may be well to repeat in reference to the
mq; of these three lots of plants, that their flowers were
freely exposed to the visits of inseets and were undoubtedly

orossed by them, as may be inferred from the large number of good.
produced. These plants wero all the offspring of tho
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plants of the last or fourth generation were as uniform in tint
as those of a wild species, being of a pale pink or rose colour.
Analogous cases with Mimulus and Ipomea, after several
generations of self-fertilisation, have been already given. The
flowers of tho intercrossed plants of the fourth generation were
likewise nearly uniform in colour. On theother hand, the flowers
of the London-crossed plants, or those raised from a cross with
the fresh stock which bore dark crimson flowers, varied extremely
in colour, as might have been_expeoted, and as is the general
rull with soodling carnations. Tt deserves mokics that onty b
or three of the London-crossed plants produced dark crimson
flowers like those of their fathers, and only a very fow of a pale
pink like those of their mothers. The great majority had their
petals longitudinally and variously striped with the two colours,
—the groundwork tint being, however, in some cases darker
than that of the mother-plants.

XIL MALVACEZ,—HIBISCUS AFRICANUS.

Many flowers on this Hibiscus were crossed with pollen from
a distinet plant, and many others were self-ertilised. A rather
Inrger proportional mumber of the crossed than of the self-
fortilised flowers yielded capsules, and the crossed capsules con-
tained rather more seeds. The self-fertilised seeds wero a littlo
heavier than an equal number of the crossed seeds, but they
germinated badly, and T raised only four plants of each lot. In
three out of the four pots, the crossed plants flowered first.

Tapie XLVIIL
Hibiscus ofricanus.
No. of Pot. Crossed Plants. ! Self-fenuilised Plants.
oo BSR4 Someih Bated | SRS SR BN
L 15 167
o 1 1
1L 8 7
14 204
53-00 5775 i
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The four crossed plants average 13-25, and the four self-fer-
1448 inches in height; or as 100 to 109. Here we have
mﬂdclleofself-famhmd plants exceeding the crossed
MgM bn&oul:ﬁml’ ‘were measured, and these did not

aqually. 1 4id not comparo tho feriiy of the two
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CHAPTER V.
(GeraNiAcEE, LEGUMINOS®, ONAGRACEE, FTC.

Pelargnium snale, o e beween plants propaged by enttngs

a1 pumns—l’lmnolu ‘maltifloras and vulg.m.-h«h

sativum, vari

highly beneficial—Sarothamnus scoparius, wonderful effects of a

cross—Ononis minutissima, cleistogene flowers of —Summary on
lurkia el o sl Passifl

sativa—Specularia speculum—Lobelia ramosa, advantages of &
iy i bl fulgpeeis--Nensophila Tl
i B MHcinalisN

fa
XIIL GERANTACEZ.—PELARGONIUM ZONALE.
Ts plant, as a general rule, is strongly proterandrous,* and.
is thereforo adapted for cross-fertilisation by the aid of insects,
Some flowers on a common scarlet variety were slf-fertilised,
and other flowers were crossed with pollen from another plant;
but no sooner had I done so, than T remembered that theso
plants had been propagated by cuttings from the same stock,
and were thereforo parts in & strict senso of the same individual,
Nevertheless, having mado the cross I resolved to save the seeds,
which, after gorminating on sand, wero planted on the opposite

* Mr. J. Denny, & t ralser _ which also the pistil is uent]
of new varicties o gonfuns,  shrt, w0 when ff ex i
cﬁ; s emothered aro

is

d ) ndw. £ lds (‘ The Florist h\ul'.mg Ant.hen, h vmehu
sod Pomol st,” mlﬂﬂ,y 11)  are great seeders, each pi

there me varieties, nmmedbymmmg;,.
il those itk potle > plak Christine as an
colout, or which possess a weakly nxlmp!e of this fuck”  Wo have
mnmmtmn, where the pioﬂ.l = here an interesting case of va-

as soon as or even riability in an important fune-

Be ponmb.. b e tional point.
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sides of three pots. Tn one pot the quasi-crossed plant was very
ver lﬁ,zrwuds taller and finer than the self-fertilised.
he seedlings on both sides were for a time
exactly equal; but when the self-fortilised plants were about
10 inches in height, they mrpused their antagonists by a little,
‘and ever afterwards showed a more decided and inereasing
advantage; so that the sclf- fortlised 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
long subjected to the same conditions, are crossed, no advantage
‘whatever is gained.
 Several flowers on another plant of the same variety were
with pollen from the younger flowers on the same plant,
80 88 to avoid using the old and long-shed pollen from the same
, a5 T thonght that this latter might be less efficient than
frosh pollen. Other flowers on the same plant wero crossed with
gﬂmmn from a plant which, although closely similar, was
1o have arisen as a distinct seedling. The self-fertilised
‘seeds germinated rather before the others; but as soon as I got
‘equal pairs they were planted on the opposite sides of four pots.
e XLIX.
Pelargonium zonale.

No.of Pot. rossed Plants, | Sel-fertlised Plaats,
v Inches. Inchos.
1 227 25§
19§ 12§
I
12§ 22
30 194
18§ 74
. 38 9
Total in inches. 15650 11638

the two lots of seedlings wore between 4 and 5 inches in
they were equal, excepting in Pot IV., in which the crossed
was much the fallest. When between 11 and 14 inches
‘height, they were measured to the tips of their uppermost
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leaves; the crossed averaged 1346, and tho self-fertilised 11-07
inches in eight, or as 100 o 82. Five months later they were
again measured in the same manner, and the results are given.
in the preceding table.

The seven crossed plants now averaged 922-35, 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.

T wished to ascertain how these plants would behave
during 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 soven was
Killed by the operation, whilst three of the self-fertilised plants
never recovered. There was, therefore, 1o use in keeping any of
the plants excepting those in Pots I and 1IL; and in the
following year the crossed plants in theso two pots showed during
their second growth nearly the same relative superiority over
the self-fertilised plants as before.

TROPEOLUM MINUS.

The flowers aro proterandrous, and are manifestly adapted
for cross-fertilisation by insects, as shown by Sprengel and
Delpino. Twelve flowers on some plants growing out of doors
were crossed with pollen from a distinct plant and produced
eleven capsules, eontaining altogether twenty-four good sceds,
Eighteen flowers were fertilised with their own pollen and
produced only eleven capsules, containing twenty-two good
seeds; &0 that a much larger proportion of tho crossed than of
the self-fertilised flowers produced capsules, and the crossed
capsules contained rather moro seed than the self-fortilised in
the ratio of 100 to 92. The sceds from the self-fertilised capsules
‘wero however the heavier of the two, in the ratio of 100 to 7.

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 each 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 unusual height. In three
of the pots the crossed plants flowered first, but in the fourth
at th same time with the self-fertilised. When the scedlings
wero between 6 and 7 inches in height, the crossed began to
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ow a slight advantage over their opponents. When grown to
ble height tho eight tallest crossed plants averaged
4443, and tho cight tallest self-fertilised plants 3734 inches,
85 100 to 8. When their growth was completed they were
‘measured, as shown in the following table

Tasre L.

Tropaolum minus.
No.of Pot. Crossed Plants. | Self-ferttised Plants.
Tnchea, Tnches.
L 6 31
= % r
L. 69 2
35 r
L. 70 504
B 554
. 614 814
574 61§
Total in inches. 4675 368:0

The eight tallest crossed plants now averaged 5843, and the
jght tallest self-fertilised plants 46 inches in height, or as 100

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

LIINANTHES DOUGLASIL

 Several flowers were crossed and self-fertilised in the nsual
manner, but there was no marked difference in the number of
which they yielded. A vast number of spontancously self-
d capsules wero also produced under the net. Scedlings
o maised in five pots from tho above seeds, and when the
were about 3 inches in height they showed a slight
ge over the sclf-fertilised. When double this height, the

L
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sixteen crossed and sixteen slf-fortilised plants were measured
to the tips of their leaves; the former averaged 78 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 measured to the summits of their ripe capsules, with
the following result :—

Tasie LL
Limnanthes douglasii,
No.of Pot. Crossed Plants. | Sel-ertlied Plants.
L 17 15§
1] 164
18 1
L. 20 14
22 15
21 16,
184 17
I 15¢ 14
17§ 10
1 :
. 204 18
i 18
18 12§
V. 7 14
184 14
14§ 12
Total in inches. 279:50 20775

The sixteen crossed plants now averaged 17-46, and the
fifteen (for one had died) self-fertilised plants 13-85 inches in
height, or 08100 t079. Mr. Galton considers that a higher ratio
would be fairer, viz., 100 to76. He madea graphical representa-
tion of the above measurements, and adds tho words
£00d” to the curvature thus formed. Both lots of plants pro-
duced an abundance of seed-capsules, and, as far as could be
judged by the eye, there was no difference in their fertility.
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XIV. LEGUMINOSZ.
In this family I experimented on the following six
genera, Lupinus, Phascolus, Lathyrus, Pisum, Saro-
 thamnus, and Ononis.

Lurnyvs LuTEvs.®
A fow flowers were crossed with pollen from a distinet plant.
‘but owing to the unfavourable season only two crossed sceds
were produckd. Nine seeds were saved from flowers spon-
tancously slf-ertilisod under a net, on the same plant Which
yielded the two crossed sceds. One of these crossed
‘sown in & 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

-pmm a day before the crossed one. In both pots, thercfore,
the crossed. from germinating later, were at first com-
pletely beaten by the sclf-fertilised; novertheless, this state of
things was afterwards completely reversed. The sceds were
sown late in the antumn, and the pots, which were much =
small, were kept in the greenhouse. The plants in consequen
grew badly, and the sclf- rmhm suffered most in both po'l.
The two crossed plants
wero 9 inches in height; one of tho self-fertilised plants wus
8, and the three others only 3 inches in height, being thus
‘mere dwarfs, The two crossed plants produced thirteen pods,
whilst the four self-fertilised plants produced only a single
one. Some other self-fertilised plants which had been raised
separately in larger pots produced several spontaneously seli-
kﬁumum-nm,mammwwwmmmm

 following ex) ‘
Wnﬂd n{/feﬂiliasd Plants of the Second Generation.— The

The structure of the flowers  (Nature,’ 1872, p. 499) that
* there is n cavity ut the back wnd
b of the vexilum, in which [
hinve not been able fo find nectar.
But the bees, which constantly
visit these flowers, certuinly g0 10
this cavity for what they want,
and ot to the staminal tube.”
L2
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spontancously self-fertilised seeds just mentioned, and crossed
seeds obtained 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 exceeded its opponent in height.
Nevertheless the self-fertilised plants in all three pots flowered
measurements are given in the

fore
following table :—
Tapte LIL
Zupinus luteus.
NoofPt, | CrssdPants | Sdbfstiied Pants
R Inches, Inches,
% B33 243
304 183
30 28
I 294 26
0 %
s 304 28
| 31 213
| 814 24§
Total in inches. | 246-25 20175

The eight crossed plants here average 30°78, and the eight
self-fertilised 2521 inches in height; oras 100 to 82. These
plants were left uncovered in the greenhouse to set their pods,
but they produced very few good ones, perhaps in part owing to
few bees visiting them. The crossed plants produced nine pods,
containing on an average 34 seeds, and the self-fertilised plants
seven pods, containing on an average 3 seeds, so that the seeds
from an equal mumber 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 hemg
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 antumn
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the two crossed plants were about 3 inches taller than the four
‘self-fertilised plants; they looked also more vigorous and pro-
duced mny more pods.

Two other crossed and self-fertilised seeds of the same lot,
after germinating on sand, were planted on the opposite sides of
@ large pot, in which a Calceolaria had long been growing,
and were therefore exposed to unfavourable conditions: the
two crossed plants ultimately attained a height of 20} and
20 inches, whilst the two self-fertilised were only 18 and 9}
inches high.

LupINvs Priosus.

From a series of accidents T was again unfortunate in obtaining

‘& sufficient number of crossed seedlings; and the following
results would not be worth giving, did they not strictly accord
- with those just given with respect to L. lufeus. I raised at first
ouly a single crossed seedling, which was placed in competition
with two self-fertilised ones on the opposite side of the same
pot. These plants, without being disturbed, were soon after-
wards turned into the open ground. By the autumn the crossed
plant had grown to so large a size that it almost smothered
the two self-fertilised plants, which were mere dwarfs; and
the ltter died without maturing a single pod. Several self-
 fertilised seeds been planted at the same time separately
~ in the open ground ; and the two tallest of these were 83 and
82 inches, whereas the one crossed plant was 38 inches in height.

R e csi _/ernluui Plants of the Second Generation—From
ossed and. self-fortilised seeds obtained in the manuer just
, T suceeeded in raising to maturity only a pair of

ts, which were kept in a pot in the greenhouse. The crossed

ut grew to o height of 33 inches, and the self-fertilised to
of 26} inches, The former produced, whilst still kept in
groenhouse, eight pods, containing on an average 2°77 seeds;

d the latter only two pods, containing on an average 2:5
rverage height of the two crossed plants of the two
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generations taken together was 855, and that of the three self-
fertilised plants of the same two gencrations 80°5; or as 100
to 86

PHASEOLUS MULTIFLORUS, Cuar. V.

PHASEOLUS MULTIFLORUS.

‘This plant, the searlet-ranner of English gardencrs and the P,
coccineus of Lamarek, originally came from Mexico, as T am in-
formed by Mr. Bentham. The flowers are so constructed that
hive and humble-bees, 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 eauses the stigma. to protrudo from the spirally-wound.
keel,and  brash of hairs round 4 thostigma pushes out th pollen
before it. The pollen adheres to the head or proboscis of the
Tee which is at work, and is thus placed cither on the stigma
of the same flower, or is carried to another flower.+ Several
years ago I covered some plants under a largo net, and theso
‘roduced on one occasion about one-third, and on another occa-
sion about one-cighth, of the number of pods which the same
number of uncovered plants growing close alongside produced
This lessened fertility was not caused 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-
aus s and pllorus ool fruly
when_insec
it e of O =
New Zealind, informs mo (seo
¢ Chronicle, 1838, p.
S8 ot o gaxdon varietios oF
TR
and that they seed
ety b s o
leguminous plant,with the exoep-
n of

fr my trouble, the
adfolatag frwers ot

laving all proved biind” " T do
i species this

statement refr

+ The tlowers have been de-
aibed by Delpton, sad in i
admirable manzer by Mr. Fan

in the ¢ Annals and Mag. of Nat,
Hi il ’4'.h ﬂl.‘ﬂeu M
1868, p. 256.
has explained. (¢ Natara? Jan. 64 5
1874, p. 189) the use of ono pecus
liarity in ucture, namely,
a littlo vertical projection on the
single free stamen near its m
i seoms placd s o g
the entrance Into tho.
holes in the '-l.lnl
‘He shows that this pmmlon
vents tho bees reaching the nectar
s they g0 1o he left side of
flower, and it i tely

nenu.ry for _cross-fortilisation
thut they should alight on the

2 and
e, of Nat. mq.' (G serien)
vol. . 1858, p.
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fine pods. When the net was taken off, the flowers were imme-
diately visited by boes, and it was intcresting to observe how
quickly the plants became covered with young pods. As the
flowers are much frequented by Thrips, the self-fertilisation of
‘most of the flowers under the net may have been due to the action
of theso minute insects. Dr. Ogle likewiso covered up a large
 portion of a plant, and “out of a vast number of blossoms thus
protected not asingle one produced a pod, while the unprotected
blossoms wero for the most part fruitful” Mr. Belt gives a
‘more curious case; this plant grows well and flowers in Nicaragua;
but as none of the native bees visit the flowers, not a single pod
is ever produced.*

From the facts now given we may foel nearly suro that
individuals of the same variety or of different varieties, if growing
near each other and in flower at the same time, would inter-
ross; but I cannot myself advanco any direct evidenco of such
an occurrence, as only & single variety is commonly cultivated in
England. I have, however, received an account from the Rev.
W. A. Leighton, that plants raised by him from ordinary sced

luced seeds differing in an extraordinary manner in colour

and shape, leading to the belief that their parents must have
crossed. In France M. Fermond more than once planted
close together varietios which ordinarily come true and which
bear differently colonred flowers and sceds; and the offspring
thus raised varied so greatly that thero could hardly bo a doubt
that they had intercrossed.t On the other hand, Professor H.
3 1+ does not believe in the natural crossing of the
nmm for although seedlings raised from two varieties growing
closo togother produced plants which yielded sceds of & mixed
character, ho found. that this likewise ocourred with plants sepa-
rated by a space of from 40 to 150 paces from any other variety ;
o therefore attributes the mixed character of the soed to sponta-

om Pop. Science Re-  proper manner.
vuw,' wm I, 0% M. Bty t ¢ Péoondation ches s Veé-
The Nuturalist in Nicaragua) taux, 1859, pp. 34-40. He adds
1674, p. 70. Tho latler anihor  that' M. Villiers an Aol
* Nature,' 1875,  spontancous hybrid, which he
156) of & lato crop of L. multé. calle' P cocoiness Mbridus 1 the
near London, which *was  * Annales de In Soc. R, do Horti.
ndered burren” by the humble-  culture! June 1844,
cutting, as they frequently 1 * Bestimmung des Werthes
 do, holes at the basesof the flowers  von Speeies und Varictit,’ 1869,
of entering them in the
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meous variability. But the above distauce would be very far from
sufficient to prevent intercrossing: 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-bean 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
theso flowers to the injurions effects of the bags, and not to the
exclusion of insects. But the only safo method of experimenting
s o cover up a whole plant, which then never suffers.
Self-fortilised seeds were obtained by moving up and down in
the same manner as bees do the wing-petals of flowers protected.
by 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 up. When 8 inches

plants flowered before the sclf-fertiliscd in both pots. As soon
as one of each pair had grown to the summit of its stick both
were measured.

Tasue LIIL
Phaseolus multifiorus.
NoofPk, | Crowed Punis | Solfrtioe Pant,
™ inchen. Tnches.
L 87 84
58 &
823 76
m 90 764
824 874
Total in inches, 43000 41175

|

The average height of the five crossed plants is 86 inches, and

that of the five self-fertilised plants 82-35; 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 fow observations serve, the advantage gained by a cross is
very small.

* “Kenntniss der Befruchtung,’ 1844, pp. 573, 577.
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'PHASEOLUS VULGARIS.

. With respect to this specics, T mercly ascertained that tho
ile when insects were excluded, as indeed.

when 1o insects are present. Some plants of two varieties
(viz, Canterbury and Fulmer's Forcing Bean) were covered with
a mt,md they seemed to produce as many pods, containing as
ny beans, as some uncovered plants growing alongside; but
ther the pods nor the beans were actually counted. This
ence in self-fertility between P. vulgaris and multijlorus is
kable, as theso two species are so closely related that
thought that they formed one. When the varieties of .
is grow near one another in the open ground, they some-
cross largely, notwithstanding their capacity for self-
tion. Mr. Coe has given me a remarkable instance of
fact with respect to the negro and a white-seeded and
‘brown-seeded variety, which were all grown together. The
sity of character in the scedlings of the second generation
d by me from his plants was wonderful. I could add other

gous cases, and the fact is well known to gardencrs.*

LATHYRUS 0DORATUS.
Almost everyone who has studied the structure of papi-
ceous flowers has been convinced that they are specially

d for cross-fertilisation, although many of the species are
iso capablo of self-fortilisation. Tho caso therefore of
odoratus or the sweet-pea is curious, for in this

cly
varieties always come true, yet, as we shall prsently sce, ono

| # 1 have given Mr. Coc's case ture,’ 1872, p. 242, to the samo
n the Gurdeners’ Chronicle} effect. He once, however, suw
20, See also for another  boes visiting the flowers, and sup-

845, poscd thut on this occasion,they
“F'Sco M. W, Barley fn ‘Na  would have been intercrossed.

@ The Complete Work of Charles Darwin Online



154 LATHYRUS ODORATUS. Cuar. V.

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, to the exclusion of the others, as I was
informed by the late Mr. Masters, if thero be no selection.

In order to ascertain what would be the effect of crossing two
varieties, some flowers on the Purple sweot-pes, which has a
dark reddish-purple standard-petal with violot-coloured wing-

Il B M M i vy Tome, il S

fertilised with pollen of tho Painted Lady. This la
has a pale cherry-coloured standard, with almost S wings,
and keel. On two oceasions T raised from a flower thus crossed
plants perfectly resembling both parent-forms; but the greater
number resembled the paternal variety. So perfect was the.
resemblance, that I should have suspected some mistake in the
Tabel, had not the plants, which were at first identical in appoar-
anco with the father or Painted Lady, laterin tho season produced
flowers blotehed and streaked with dark purple. This is an in-
teresting examplo 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 tho product of tho
accidental self-fertilisation of the mother-plant, owing to the
castration not having been effeotual. But the plants which
resembled in the colour of their flowers tho paternal variety or
Painted Lady wero preserved, and their sceds saved. Next
summer many plants were raised from theso seeds, and they
generally resembled their grandiather the Painted Lady, bub
most of them had their wing-petals streaked and stained with.

dark pink ; and a fow had pale purple wings with the standard
of a darker crimson than is natural to the Painted Lady, s0
that they formed a new sub-variety. Amongst these plants
a singlo one appeared having purple flowers like those of the
grandmother, but with the petals slightly streaked with a paler
tint: this was thrown away. Sceds were again saved from the
forogoing plants, and the seedlings thus maised still rosombled

fow instances with blotehes of white; and the wing-petals varied
* from nearly white to purple, the keel being in all nearly white.
As no variability of this kind can be detected in plants raised
from seeds, the parents of which have grown during many sue-
eessive generations in close proximity, we may infer that thy
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cannot have intercrossed.  What does occasionally occur is that
in a row of plants raised from seeds of one variety, another
variety true of its kind appears; for instance, in & long Tow of
‘Searlets (the seeds of which had been carefully gathered from
Secarlets for the sake of this experiment) two Purples and one
Painted Lady appeared. Seeds from theso three aberrant plants
wero saved and 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
Zady were chiefly Painted Ladies with some Searlets. Fach
varicty, 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 blotched
with dark purple; and this is probably of crossed origin, for I
found, as well as Mr. Masters, that it did mot transmit its
characters at all truly.

From the evidenco now given, we may conclude that the
varicties of the sweet-pea rarely or mever intercross in this
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-fertilisation;
and thirdly, the occasional visits of insects. That insects should
‘sometimes fail to cross-fertilise tho flowers is intelligible, for T
have thrice seen humble-bees of two kinds, as well as hive-becs,
sucking the nectar, and they did not depress the keel-petals so

anthers and stigma; they were therefore quite
ing the flowers. One of theso bees, namely,
B cicriu, stoot on cne side b i bams o thalatssiand
and inserted its proboscis 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
ot being perforated by nectar-passages. On the other hand,
in the three British species of Lathyrus which T have examined,
and in the allied genus Vicia, two nectar-passages are present.
‘Therefore British bees might well be puzzled how to act in
the case of the sweet-pes. I may add that the staminal tubo
of another exotic species, Lathyrus grandiflorus, is not per-
forated by nectar-passages, and this species has rarely 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
aiterwards. One of my sons caught an elephant sphinx-moth
whilst visiting the flowers of the sweet-pea, but this insect would
ot depress the wing-petals and keel. On the other hand, I have
seen on one occasion hive-bees, and two or three occasions the
Megachile willuglbiella in the act of depressing 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 not the varieties
oceasionally intercross, though this would mot often happen, as
insects 8o rarely act in an efficient manner?  The fact cannot, as
it appears, be explained by the flowers being self-fertilised at &
very early age; for although nectar is sometimes secreted and
pollen 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 bo
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 varioties do inter-
cross, and that they cannot bo 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
by self-fertilisation for very many generations, since the time
when each new varioty first appeared. From the analogy of the
plants of Mimulus and Ipomaea, which had been self-fertilised
for several generations, and from trials previously made with
the common pes, which s 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 benefit 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;
it should be remembered that these varieties differ in nothing
except in the colour of their flowers. The cross was manifestly
effectual (though only two seeds were obtained), as was shown
by the two seedlings, when they flowered, closely resembling
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ir father, the Purple pea, excepting that they were a little
W coloured, with their keels slightly streaked with pale
h spla, Seeds from flowers spontaneously self-fertilised under a
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
1ot be planted simultaneously.  One of the two crossed seeds in
asfate of germination was planted in a pot (No. ) in which a
ifertilised seed in the same state had been planted four days
 before, 50 that this latter seedling had a great advantage over
the crossed one. In Pot IL. the other crossed seed was planted
|§-o days before a self-fertilised one; so that here the crossed
sexdling had a considerable advantage over the self-fertilised one.
‘But this crossed seedling had its summit gnawed off by a slug,
ud was in consequence for a time quite beaten by the sl
ed plant. Nevertheless I allowed it to remain, and so
great was its constitutional vigour that it ultimately beat its nn-
injured self-fertilised rival. When all four plants were almost
fally grown they were measured, as here shown :

LATHYRUS ODORATUS.

Tapis LIV.
Lathyrus odoratus.

No. of Pat.

Seltfertilsed Plants,

Tnches.
e

| 63
=

‘The two cmsed plants here avemge 79°25, and the two self-

peas, with a maximum in one of seven, Eigh-
spontancously self-fertilised pods from the Painted Lady,

h, as already stated, had no doubt been self-fortilised for
ny previous generations, contained on an average only 3-93
‘with a maximum in one of five peas; so that the mumber
in the crossed and self-fertilised pods was as 100 to 65.
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The self-fortilised peas were, however, quite as heasy 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 germinated on sand before any of the
crossod ones, and were rejected. As soon as I got equal pairs,
they wero planted on the opposite sides of two large pots, which
were kept in the greenhouse  The seedlings thus raised were the
grandehildren of the Painted Lady, which was first crossed by
the Parple 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 :—

Tasiz LY.
Lathyrus odoratus (Second Generation).

‘Selings from PlantaSeelings from Pans|
NoofPot, |, croseet during the | se-feried during
w0 previotis Generae| * man
ous.
Inches.
1 724
7
523
i | 81 667
454 a8]
| 55 45
Total in inches. i 37750 33186

The average height of the six crossed plants is here 62-91, and
that of the six self-fertilised 55°31 inches; or 2s100to88. Thero
was not much difference in the fertility of the two lots; the
crossed plants having produced in the greenhouse thirty-five
pods, and the self-fertilised thirty-two pods.

Seods were saved from the solf-fertilised flowers on these two
lot o plasty f g Ml cl s whother Lo s 10
thus raised would inherit any difference in growth or vigour.
Tt must thereforo be understood that both lots in the following:
trial are 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 generations, having been before that self-
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fertilised for many generations; and that in the other lot they
‘were the children of plants which had not been crossed for very
many previous gencrations. The sceds germinated on sand and
‘were planted in pairs on the opposite sides of four pots. They
‘wero measured, when fully grown, with the following resulti—

Tapie LVL
Lathyrus odoratus.

Selffertlised Plants
No.ofPor. | Belbfertlied Plants | ool oritoas
from Crossed Plants, iy
Tnches, Tncbes.
B 72 65
7 614
I 58 64
8 687
724 56§
81 603
4 764

Total in inches.

The average height of the seven self-fertilised plants, the off-
‘spring of crossed plants; is 7157, and that of the seven self-for
‘plants, the offspring of self-fertilised plants, is 6457 ; or
o 90. The ilised plants from the i
ced rather more pods—viz., thirty-six—than the self-fer-
ed plants from the crossed, for theso produced only thirty-one

A fow seods of the same two lots were sown in the opposite
of alarge box in which a Brugmansia had long been

g and in which the soil was so exhausted that sceds of
a purpurea would hardly vegetate; yet the two plants of
sweet-pea which were raised flourished well. For a long
the self-fertilised plant from the self-fertilised beat the self-
plant from the crossed plant; the former flowered first,

was at one time 77} inches, whilst the latter was only 68} in
but ultimately the plant from the previous cross showed
‘superiority and attained a height of 108} inches, whilst the
was only 95 inches. T also sowed some of the same two
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Tots of seeds in poor sofl in & shady place in a shrabbery. Here
again the solf-fertilised plants from the solf-fortilised for a long
time exceeded considerably in height those from the proviously
crossed plants; and this may probably be attributed, in the
present as in the last case, to these sceds having germinated
rather sooner than those from the crossed plants; but at the
close of the season tho tallest of the self-fertilised plants from
the crossed plants was 80 inches, whilst the tallest of the sclf-
fertilised from the self-fertilised was 29} inches in height.

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

PsuM SATIVUM.

The common pea is perfectly fertile when its flowers aro pro-
tected from the visits of insects; I ascertained 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 attrctive 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

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 styl so
placed that on a pressure being applied to the kel it will bo
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 5o placed as to meet an entering insect,—all theso
become correlated parts of one claborate mechanism, if we

* ‘Nature Oct. 10, 1872, p. description of the flowers, ‘Be-
479. H. Miiller gives an eluborate  fruehtung,’ &e. P 247,
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e that the fertilisation of these flowers is effected by the
of pollen from one to the other.”  Notwithstanding these
provisions for cross-fertilisation, varieties which have
successive generations in elose

re.
we. varieties, which were originally produced by an artificial
and were very vigorous, lnsted for at least sixty years, and

all these years were self-fertilised ; for had it been other-

they would not have kept true, as the several vorieties
generally grown near together. Most of the varieties, how-

ver, endure for a shorter period; and this may be in part due
ﬁlﬂl ‘weakness of constitution from long-continued self-

B e, conmidexing fiak ho Sowers mecretd sk

and afford much pollen, how seldom they are visited by

ts either in England or, as H. Miller remarks, in North

rmany. T have observed the flowers for the last thirty years,

in all this time have only thrice seon boesof the proper kind af

(one of them being Bombus muscorum), such as were suf-
powerful to d he keel, 50 as to get the i

ir bodies dusted with pollen. These bees visited several flowers,

could hardly have failed to cross-ertilise them. Hive-bees

other small kinds sometimes collect pollen from old and

fertilised flowers, but this is of no account. The rarity

the visits of efficient bees to this exotic plant is, T believe, the

etion of the pollen of one variety on the seed-couts of .another.t
Iate Mr. Masters, who particularly attended to the raising of
varicties of pens, was convinced that some of them had

o which probably tends to render cross-fertilisation rare,

“Variation of Animals and + *Var. under Domestication,’
n Domestication,”  chap. xi. 2nd edit. vol. i. p. 425.
ix. 2nd edit. vol. i. p. 348,

M
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namely, the early age at which the pollen-tubes are exserted ;
eight flowers not fully cxpanded wore examined, and in soven of
these the pollen-tubes were in this state; but they had not as
yet penetrated the stigma. Although so fow inseots visit the
flowers of the pea in this country or in North Germany, and
although the anthers seem here to open abuormally soon, it does
not follow that the specics in its native country would be thus
ircumstanced.

ciro i

Owing to the varieties having been self-fertilised for many
generations, and to their having been subjected in cach genera-
tion {0 nearly the same conditions (as will be explained in a
future chapter), I did not expect that a cross between two such
plants would beneit the offspring ; and so it proved on trial. In
1867 1 covered up several plants of the Early Emperor pea, which
was not then a very new variety, so that it must already have
been propagated by self-fertilisation for at least a dozen genera-
tions. Some flowers were erossed with pollen from a_ distinet
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 the
greenhouse. The seedlings of both lots when between 6 and 7
inches in height were equal. When nearly full-grown they
were measured, as in the following table :—

Taste LVIL
Pisum sativum.
o, of Put. Crossed Plants. | Selffeclsed Plants,
Tacles,
L 35 29§
. 814 51
85 45
33
Total in inches. 13850 15875

The average height of the four crossed plants is here 3462,
and that of the four self-fertilised plants 89°68, or as 100 to 115,
So that the erossed plants, far from beating the self-fortilised,
were completely beaten by them.
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There can bo no doubt that the result would have been
‘widely different, if any two varieties out of the numberless ones
which exist had been crossed. Notwithstanding that both had
boen self-fertilised for many previous gencrations, each would

triking instance of the stimulative effects of erossing the breeds;
for the swallest variety, whose height rarely exceeded 2 foet,
inereased to 6 feet; whilst the height of the large and
iant kind was very little diminished.” Recently Mr. Laxton

uts thus raised were extraordinarily vigorous, being in each
o from 1 to 2 or even § feot faller than the parent-forms,

" riety, namely, &
e-podded pea, was only 70inches in height; oras 100 o 60,

SAROTHANNUS SCOPARITS.
‘Bees incessantly visit the flowers of the common Broom, and
6 are adapted by a curious mochanism for cross-fertilisation.
Tee alights on the wing-petals of a young flower, the

is lightly opened and the short stamens spring out, which
polien against the abdomen of the bee. If a rather
flower is visited for the first time (or if the bee exerts great

on u younger flower), the keel opens along its wholo
and the longer as well as the shorter stamens, together

Philoscphical Transactions,”

99, p. 200.
M2
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with the much elongated eurved pistil, spring forth with violence.
The flattened, spoon-like extremity of the pistil rests for a time
on the back of the bee, and leaves on it the load of pollen with
which it is charged. ~As soon as tho 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, cither of the same or another flower;
and afterwards against the lower surface of the bee dusted
with pollen from tho shorter stamens, which is often shed &
day or two before that from the longer stamens.* By this
mechanism eross-fertilisation is rendered almost inevitable, and
we shall immediately seo that pollen from a distinct plant is
more effective than that from the same flower. 1 nced only add
that, according to H. Miiler, the flowers do not secrete nectar,
and he thinks that bees insert their proboscides only in the hope

for 50 long a time that I cannot avoid the bolief 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
opens, 5o that the stamens and pistil remain enclosed. Pla
thus protected yield very fow pods in comparison with those
produced by neighbouring uncovered bushes, and sometimes
none at all. 1 fertilised a few flowers on a plant
almost in a state of nature with pollen from another phm
close alongside, and the four crossed capsules conf
unaverage 93 seeds. This Targe mumber 5o doubt was duf
to the bush being covered up, and thus not exhausted by
producing many pods ; for fifty pods gathered from an wdjoinng
plant, the flowers of which had been fertilised by the bees,
contained an average of only 7-14 seeds. Ninoty-three pods
spontancously self-fortilised on a large bush which had been
covered up, but had been much agitated by the wind, contained
an average of 293 sceds. Ten of the finest of these ninety-

“These observations have been ix. 1866,

P08 . Miller hus
djioted n an abbroviaed form by inco published o full and exeel-
the Rev. enslow. in,"the  lent ascount of the flower in bis
*Journal of Linn. Soe. Bot." vol.  *Befruchtung.” &e. p. 240,
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three capsules yielded an average of 4-30 seeds, that is less than
Talf the average number in the four artificially erossed capsules.
The ratio of 7-14 to 293, or as 100 to 41, is probably the
fairest for the number of seeds per pod, yielded by naturally-
‘crossed and spontaneously self-fertilised flowers. The crossed
seeds compared with an oqual mumber of the spontaneously sel-

seods were heavier, in the ratio of 100 to 88. We thus
gn that besides
the flowers are much more productive with pollen from «
distinct plant than with their own pollen.

Eight pairs of tho 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 differenco
between the two lots. But even at this early age the leaves of
* the self-fertilised seedlings were smaller and of not o bright a
green as those of the crossed seedlings. The pots were kept in
the greenhouse, and as the plants in the following spring (1868)
ooked unhealthy and had grown but little, they were plunged,
till in their pots, into the open ground. The plants all suffered
much from the sudden change, especially the self-fertilised, and
two of the latter died. The remainder were measured, and 1
give the measurements in the following table, because 1 have

seen in any other species so great a difference between the
and self-fertilised seedlings at so carly an age.

Tasie LVITL
Sarothamnus scoparius (very young plants).

No.of Po. Crosed Plants, | Seffetlised Plant,
Todes | Do
L @] 2
5 | 1
2 | 1
. 2 1
5 H ‘l
o | o4
Total in inches. 15 ‘ 80

The six crossed plants here average 291, and the six self-

© The Complete Work of Charles Darwin Online



166 SAROTHAMNUS SCOPARIUS, Crar. V.

fertilised 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 threo crossed
plants in Pot L had all grown tonearly a foot in height, and they
hiad smothered the three little self-fertilised plants so completely
that two were 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 L. were all alive. One of the self-
fertilised was an inch and a quarter taller than any one of the
crossed plants; but the other two self-fertilised plants were ina
‘very poor condition. I therefore resolved toleave these plants to.
straggle together for some years. By tho 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 :—

Tapie LIX.
Pot TL.—Sarothamnvs scoparius,

Crossed Plasts, | Sof-fertilised Plants,

Inches | Inches
154 i 15}
of : 3
81 ! 2

The sumo plants wero again measured in tho autumn of the
following year, 170,

Tanre LX.
Pot TL—Sarothamnus scoparius.
(Crossed Plants. | Self-fetlsed Planta.
Tnches. Toches
263 14,
16§ 11,
14 9
56°75 3550
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The three crossed plants now averaged 18-91, and the three
self-fertilised 1183 inches in height; or as 100 10 63. The three
erossed plants in Pot I, as already shown, had beaten the three
self fertlised plants so completely, that any comparison between
them was superfluons.

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

ONONIS MINUTISSIMA.

" This plant, of which sceds were sent me from North Ttaly, pro-
dnces,bosides tho ordinary papilionaccons fowers, minute, imper-
feet, closed which can never
lised, but are highly it Some of the perfect flowers were
erossed with pollen from  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
1 fertilise themselves spontancously under a not, and they
yielded eight capsules, containing on an average 2-38 seeds, with
& maximum of threo seeds in one. S0 that the crossed and self-
fertilised capsules from the perfect flowers yielded seeds in the
proportion of 100 o 65.  Fifty-three capsules produced by tho
eleistogamic flowers contained on an average 4-1 sceds, so that
these were the most productive of all; and the seeds them-
selves looked finer even than those from the crossed perfect
flowers.
The seeds from tho crossed perfect flowers and from the self-
oo » D

sand ;
. but unfortunately only two pairs germinated at the same time.
Theso were planted on the opposite sides of the same pot, which
was kept in the greenhouse. In the summer of the same year,
when the seedlings wero about 4} inches in height, the two lots
~ were equal. In the autumn of the following year(lSBS) the two
erossed plants were of exactly the same height, vi; 4 inches,
and the two self-fertilised plants 12§ and 7% inches; o thnt one
of the self-fortlised exceeded considerably in height all the others.
By the autumn of 1869 the two crossed plants had acquired the
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supremacy ; their height being 164 and 15}, whilst that of the
two self-fertilised plants was 143 and 113 inches.
By the autumn of 1870, the heights were as follows:—

Tapre LXL
Ononis minutissima,

Crusced Plants, | Sll-ferilised Plants.

S0 that the mean height of the two crossed plants was 19-81,
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 cqual 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 Lequminosze—Six genera in this
family were experimented on, and the results are in
some Tespects remarkable. The crossed plants of the
ecies of Lupinus were conspicuously superior fo
ertilised plants in height and fertility ; and
when grown under very unfayourable conditions, in
vigour. The scarlet-runner (Phaseolus multiflorus) is
partially sterile if the visits of bees are prevented, 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. Phascolus vulgaris is perfectly sclf-fertile
nevertheless, varieties growing in the sime 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 varicties are believed to
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intercross in North Italy. Plants raised from a cross
Dbetween 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-
Tised plants; they also transmitted, when self-fertilised,
their superiority to their offspring. The many varieties
of the common Pea (Pisum sativum), though growing in
elose proximity, very seldom intercross ; and this seems
due to the rarity in this country of the visits of bees
sufficiently powerful to effect cross-fertilisation, A
eross between the self-fertilised individuals of the same
variety does no good whatever to the offspring ; whilst
& cross between distinct 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-
eluded. 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 p].mu of the
Ononis minutissima were raised ; but as these were
Blkerved during their wholo growth, the advantage of
the crossed over the self-fertilised plants may, I think,
be fully trusted.

XV. ONAGRACE/E.—CLARKIA ELEGANS.

Owing to the season being very unfavourablo (1867), few of
the flowers which I fertilised formed capsales; twelve crossed
flowers produced only four, and cighteen self-fertilised flowers

only one capsule. The scods after germinating on sand
Wero planted in three pots, but all the self-fertilised plants died

the self-fertilised. When in full flower they were measured,
‘with the following result
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Taniz LXIL
Clarkia elegans.
| M Plants. | Self-fertilised Plants.
N Inches. o Toches.,
40} 33
3 24
% %
T T 304
Total in inches. ’ 134°0 105

The average height of tho four crossed plants is 335, and.
that of the four self-fertilised plants 2762 inches, or as 100 to
2. The erossed plants altogether produced 105 and the self-
fortilised plants 63 capsules; or as 100 to 60. In both pots &
self-fertilised plant flowered before any one of tho crossed plants.

XVI. LOASACEZ.—BARTONIA AUREA.
Somo flowers wero crossed and_self-fertilised in tho usual
‘manner during two seasons; but as I reared on the first oceasion

Tase LXIIL
Bartonia aurea,

No.of Pot. Grossed Plants. | Selfertilied Pants.
Tuches. Toches.
1) 31 7
s 184 204
L 194 404
. 2 85
36 154
V. 31 18
16 114
VL 20 824
Total in inches. 1970 2105
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only two pairs, the results are given together. On both occasions
the crossed capsules contained slightly more seeds than the self-
During the first year, when the plants were about
7 inches 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 was 24-62, and
that of the eight self-fertilised 26-31 inches; or as 100 to 107. So
that the self-fertilised had a decided advantage over the crossed.
But the plants from some canse never grew well, and finally be-
came so nnhealthy that only three crossed and three self-fertilised
plants survived to set any capsules, and these were few in number.
The two lots seemed to be about equally unproductive,

XVIL PASSIFLORACEE,—PASSIFLORA GRACILIS.

‘This annual species produces spontancously numerous fruits
when insects are excluded, and behaves in this respect very
differently from most of the other species in the genus, which
are extremely sterile unless fertilised with pollen from a distinet
plant* Fourteen fruits from crossed flowers contained on an
average 24°14 seeds. Fourteen fraits (two poor ones being
Jejected), spontaneously self-fertilised under a net, contained on
an average 2058 seeds per fruit; or as 100 to 85. These seeds
were sown on the opposite sides of three pots, but ouly two pairs
‘came up at the same time; and therefore a fair judgment cannot

be formed.

Tapze LXIV.
Passifiora gracilis.
o.of Pot Crossel Plants, | Selferilied Planta,
Inches. Tnches,
L 56 38
1L 42 64
Total in inches. 98 102

The mean of the two crossed is 49 inches, and that of the two

self-fertilised 51 inches ; or as 100 to 104.

* ¢ Variation of Animals ml chap. xvii. 20d edit. vol. ii. p.
Plants  under 1
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XVIIL UMBELLIFER/E—APIUN PETROSELIND.
The Umbellifers are proterandrous, and can hardly fail to be
cross-fertilised by the many flies and small Hymenoptera which
visit the flowers.* A plant of the common parsley was covered
by a met, and it apparently produced as many and as fine
spontaneously self-fertilised fruits or seeds s the adjoining
uncovered plants. The flowers on the Intter were visited by so
many insects that they must have received pollen from one
another. Some of these two lots of seeds were left on sand, but
nearly all the self-fertilised sceds germinated before the others,
50 that T was forced to throw all away. The remaining seeds
were then sown on the opposite sides of four pots. At first the
self-fertilised seedlings were a little taller in most of the pots
than the naturally crossed seedlings, and this no doubt was due
to the self-fertilised seeds having germinated first. But in
the autumn all the plants were so equal that it did not scem
worth while to measure them. Tn 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
10 be as 100 to 100.

XIX. DIPSACEZE.—SCABIOSA ATRO-PURPUREA.
The flowers, which are proterandrous, were fertilised during

Taste LXYV.
Seabiosa atro-purpurea.

o of Bot. Seltfetilised Plants.
L 20
I 15 144
L 2 1
184 13
Total i inches. 685 M)

L Maller, Befruchtune! &o,  phoe” tom, i, p. 55,1850, varicten
p. 96, Accoding to M. Mustel of the carrob growing Tear each
£us sioted by Godron, *De TR other reedily istereros
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the unfavourable season of 1867, so that T got few sceds,
especially from the self-fertiliscd heads, which were extremely
sterile. The crossed and self-fertilised plants raised from these
seeds wero measured efore they were in full flower, as in the
preceding table.

"~ The four crossed plants averdged 1712, and the four self-fer-
tilised 15-87 inches in height; or as 100 to 90. One of the self-
fertilised plants in Pot TIT. was killed by an accident, and its
fellow puled up; sothat when they were again mensured to the
summits of their flowers, there were only threo on each

the crossed now averaged in height 32-53, and tho self-fertilised
80°16 inches; or as 100 to 92.

XX. COMPOSITZ—LACTUCA SATIVA.
Three plants of Lettuce® (Great London Cos var.) grew close
togother in my garden; one was covered by a net, and produced
self-furtilised sceds, the other two were allowed to be naturally
crossed by insects; but the season (1867) was unfavourable, and
1 did not obtain many seeds. 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
e crossed by insects, but the process was aided by some pollen
Ieing occasionally transported by me from plant to plant. These
two lots of sceds, after germinating on sand, were planted in
pairs on the opposite sides of Pots IL. and IIL., which were at
first kept in the greenhouse and then turned ont of doors. The
ts were measured when in full flower. The following table,
* therefore, includes plants belonging to two generations.

the seedlings of the two lots were only 5 or 6 inches in height
they were equal. In Pot IIL one of the self-fertilised plants

died before flowering, as has ocenrred in so many other cases.

* The Compositw are well- It s very improbable that all the
‘adapted for cross-fertilisation, but  varicties which were thus eulti-
& nurse 5 vited near together. flowired a%

y. told e tiat he had been in  different times; but two which T

i selected by hazard wnd sow

et ansh w1 508 Sruim ot
the s time; and my. trial
i they became crossed.
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Tasie LXVL
Lactuca sativa.

No.of Pot. Crossod Plants. | Sel-fetilised Plans,
T Inchen Tncles.
1 27 214
First generation, % 20
planted in open
round.
I 294 24
i 173 10
planted in open g 1
ground.
L. 1 94
Second generation, 104 0
ept in the pot.
Total in inches. 136 9

The average height of the seven crossed plants is 19-43, and
that of the six self-fertilised plants 16 inches; or as 100 to §2.

XXI. CAMPANULACEZ.—SrFOULARIA SPECULUM.

In 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
the pistil beneath the stigma; so that without some mechanical
aid the flowers cannot be fertilised. For instance, I covered up
a plant of Campanula carpatiica, and it did not produce a singlo
capsule, whilst the surrounding uncovered plants seeded pro-
fusely. On the other hand, the present species of Specularia
appears to set almost as many capsules when covered up, as
when left to the visits of the Diptera, which, as far as T have
seen, are the only insects that frequent the flowers* I did not
ascertain whether the naturally crossed and spontancously self-
fertilised capsules contained an equal number of seeds, but a
comparison of artificially crossed and self-fertilised flowers,

* It has long been known that  cleistogamic as well as perfect
another species of the genus, flowers, and the former ure of
Specularia. perfoliata, produces course self-fertile.
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showed that the former were probably the most productive, It
appears that this plant is capable of producing a large number
of self-fertilised capsules owing to the petals closing at night, as
well as during cold weather. In the act of closing, the margins
of the petals become reflexed, 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.*

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 averago 21°7 seeds, with a maximum of
forty-cight in one. Fourteen flowers were crossed with pollen
from arother plant, and thése produced twelve capsules, contain-
ing on an averago 50 sceds, with @ 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
wero also heavier than an equal number of self-ertilised sceds,
inthe ratio of 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
inany one capsule, or by their weight, crossing does great good
in comparison with sclf-fertilisation. The two lots of sceds were

Tasze LXVIL
Speculuria specudum.

Tallest Crossed Plant | Tallest Selfertiised
No. of Pot. i Somnd

Piant in each Pot.
Inches. Toches.
L 18 15§
n 7 19
" 18
28
Total in inches. 7713 7575

* Mr. Meeh.n hlll ]Mely shnwn tonia virginica and Ranunculus bul-
(*Proc. Acad. Nat. Sc. bosus during the night causes their
m., May 16. Yoy Shy that st Totsion
of the flowers of Clay-
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sown on the opposite sides of four pots; but the seedlings were
not sufficiently thinned. Only the fallest plant on each side was
measured, when fully grown. ‘The measurements are given in
the preceding table. Inall four pots the crossed plants flowered
first. When the scedlings were only about an inch and a half in
height both lots were equal.

The four tallest crossed plants averaged 19-98, and the four
tallest self-fertilised 1893 inches in height; or as 100 to 95,
So that there was no difference worth speaking of between the
two lots in height; though other great advantages are derived,
as we have seen, from cross-fertilisation. From being grown in
pots and kept in the greenhouse, none of the plants produced
any capsules.

LoBEnA RaMOSA*
Var. Suow-flake.

The well-adapted means by which cross-fertilisation is en-
sured in this genus have been described by several authors.
The pistil as it slowly increases in length pushes the pollen
out of tho conjoined anthers, by the aid of a ring of bristles; the
two lobes of the stigma being at this time closed and ineapablo
of fertilisation. The extrusion of the pollen is also aided by
insects, which rub against the little bristles that project from
the anthers. The pollen thus pushed out is carried by iseots
to the older flowers, in which the stigma of the now freely
projecting pistil is open and ready to be fertilised. T proved
the importance of the gaily-coloured corolla, by cutting off the
Iarge lower petal of several flowers of Zobelia erinus ; and these
flowers 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. (4th
given fo this plant in the * Gar-  scrics) 1868, p. 260. Tn the allied.
deners’ Chroniclo,’ 1866, Prof.  genus Isotoma, the curious spike
T. Dyer, however, informs mo  which projects rectangully hrom
that if probably is o white variety  the anthers, and which  when
of L. tenuior Brown, from  shaken causes the pollen to fall
W. Australia. on the back of an entering inscet,

+ See the works of Hildebrand  seems to have been developed
d Delpino.  Mr. Far i

an also  from a bristle, like one of those
ias given o remarkably clear  which spring from the anthers in
description of the mechanism by  some of or all the species of Lo-

ich cross-fertilisation iseffected belia, ns described by Mr. Farrer.
in this genus, in the * Annals and
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LOBELIA RAMOSA. 17
another plant, and two other capsules from

 pots a crossed plant flowered before any one of its opponents.

Tapie LXVIIL
Lobelia ramosa (First Generation).

meune, [mo g ot
o e
| ‘_.”._., 2
m.—AAm 15
v. e n|; 17
‘l‘a.-li-lubul U'U; 5

| The four tallest crossed plants averaged 22-25, and the four
fallest self-fertilised 18-37 inches in height; oras 100 to 82. T
surprised to find that tho anthers of a good many of theso
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Plants of the Second Generation.—The above two lots of seeds
were placed on damp sand, and many of the crossed seeds
gorminated, as on the last occasion, before the self-fortilised, 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
pairin athind pot ; and all i owded
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 about &
third taller than the self-fertilised. In this latter pot, when
the crossed averaged 5 inches in height, the self-fertilised were
about 4 inches; nor did they look nearly such fine plants.
Tn all four pots the crossed plants flowered some

LOBELIA RAMOSA.

sido was measured; but before this time the single crossed
plant in Pot TIL., which was taller than its antagonist, had died
and was not 8o that ouly the tallest plant on each
side of three pots was measured, as in the following table :—

Tapre LXIX.
Lobelia ramosa (Second Generation).

Tallet Crossed Plant | Tallest Slf-frtlised
eien ‘n cach Pot. | Plant in each Pot.
T e Tnches.
L £ 18§
IL 2 194
v, ‘ 214 19
Crowded.
Total in inches, 70 5

The average height of the three tallest crossed

2333, and that of the three

tallest self-fertilised 19 inches;
100 to 81. Besides this difference in height, the crossed
were much more vigorous and more branched than the

plants is

fertilised plants, and it is unfortunate that they were
‘weighed.
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LOBELIA FULGENS.

This species offers a somewhat perplexing case. Tn the first
-ﬁon tho seiffctilised plants, though fow n muabsr,
exceeded the crossed in height; whilst in the second
 generation, when the trial was mado on a much larger scale,
the crossed beat the self-fertilised plants. As this species
s generally propagated by off-sets, some seedlings were first
 raised, in order to have distinct plants. On one of these plants
several flowers were fertilised with their own pollen ; and as the

K is mature and shed long before the stigma of the same
~ flower is ready for fertilisation, it was necessary to number each
flowerand keep i in paper with a ing number.
this means well-matured pollen was used for self-fertilisation.
Several flowers on the same plant were crossed with pollen from

s distinet individual, and to obtain this the conjoined anthers of

43 the seods oblain by the above w0 methods would ot
rminate when left on baro sand, they were sown on the
te sides of four pots; but I succeeded in raising ouly &

of the pots taller than their opponents; and they flowered
much earlier in all the pots, that the height of the fower-
could be fairly compared only in Pots I and IT,

none of the plants on which
T experimonted, which wero kept
in the greenhouse, were in this

N2
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Tapue LXX.
Lobelia fulgens (First Generation).
Helght of Flower. | Hei wer
No.ofPot. | sems on the Crosacd | stema on the Selffr-|
Pauta. ilised Flants,
P Tnches. Tnches,
L 33 50
IL 364 384
R 2 43
|Not in full flower.
. 12 | 35§
Nobin fll fower,

The mean height of the flower-stems of the two crossed plants
in Pots I. and IL. is here 34-75 inches, and that of the two self-
fortilised plants in the same pots 4425 inches; oras 100 to 127
The self-fertilised plants in Pots 1L and IV. were in every
respect very much finer than the crossed plants,

1 was so much surprised at this great superiority of the self-
fertilised over the crossed plants, that T determined to try how
they would behave in one of the pots during a second growth,
‘The two plants, therefore, in Pot I. 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
ono crossed plant were only 298 and 304 inches in height,
whereas the two tallest stems on the one self-fertilised plant
were 49¢ and 49¢ inches; and this gives a ratio of 100 to 167,
Considering all the evidence, there can be no doubt that these
self-fertilised plants had a great superiority over the crossed

lants.

v
Crossed and self-fertilised Plants of the Second Generation,—I
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 youug
flowers for both operations. ~Several flowers on tho erossed plant
in Pot L. in Table LXX. wero again crossed with pollen from &
istinet plant. Several other flowers on the self-fertilised plant
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TapLe LXXL
Lobelia fulgens (Second. Generation).
Crossed Planta. | Self-fetilised Plants.
No.of Bot. Height of Flower- | Height of Flower-
stem. stems.
L 27y 32§
26 2
24 2
2 2
L 3¢ 36
26§ 28
25 30
2 32
i 40, 304
87 28§
83| 23
. 34 2
821 28
2 L%
2 2§
i 28} 29
o7 24§
254 23
24 2
VL 333 441
32 87
26} 87
2 35
VL 30f 274
30, 19§
29 21
ViIL 39, 23}
8 23§
36 25,
36 5|
X 333 19
25 16
25| 19
21 184
Total in inches. 101400 921-63
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in the same pot were again self-fertilised with pollen from the
anthers of other flowers on the same plant. Thereforo the degree
of self-fertilisation was not quite so close as in the last genera-
tion, in which pollen from the seme flower, kept in paper, was
These two lofs of seeds wero 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 scedlings had grown to a considerable size, they were
measured to the tips of their leaves ; and the twenty-three
crossed plants averaged 14-04 inches in height, whilst the twenty-
tm seedlings wero 13-54 inchos; or as 100 to 96.
summer of the same year several of these plants
ﬂnwaled L o it e plae fiovring sbod)
and all tl
produced by eleven of e plmts averaged 8071 umhes,
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 withont 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 conld o longer be distinguished. Accordingly
three or four of the tallest flower-stems on each side of each
pot were measured; and tho measurements in the preceding
table are, I think, more trustworthy than the previous ones,
from el e e, md from the plants being well
established and growing vi

The average height of the thmy four tallest flower-stems on
the twenty-threo erossed plants is 29°82 inches, and that of th
same number of flower-stems on the same number of self-
fertilised plants is 2710 inches; or as 100 to 91. So that the
crossed plants now showed a decided advantage over their selt-
fertilised opponents.

XXIL POLEMONIACEZ.—NEMOPHILA INSIGNIS.

Twelve flowers were crossed with pollen from a distinct plant,
but produced only six capsules, containing on an average 18§
seeds. Eighteen flowers were fertilised with their own pollen
and produced ten capsules, containing on an average 12-7
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seeds; 5o that the seeds per capsulo were as 100 to 692 The
crossed seeds weighed a little less than an equal number of self-
ferilised sceds, in the proportion of 100 to 105; but this was
* clearly due to somo of the sclf-fertilised capsules containing very
few seeds, and these wero much bulkier than the others, from

- having been better nourished. A subsequent comparison of the
nunber of seeds in a fow capsules did not show so great @
superiority on the sido of the crossed capsules as in the present
case

The seeds wero placed on sand, and after germinating wero
‘planted in pairs on the opposite sides of five pots, which were
kept in the greenhouse. When the seedlings were from 2 to
8 inshes in height, most of the crossed had a slight advantage
over the self fertilised. Tho plants were trained up sticks, and

grew to a considerable height. In four out of the five

Pots a crossed plant flowered before any one of the self-fertilised.

Tape LXXIL
s Nemophila insignis; 0 means that the plant died.

o of Pot. Crossed Plants, | Selfertilsed Plans.
Tnches, Tockes, i
X 324 21q
L 344 234
1 33 19
2 ]
29 17§
. 354 104
33§
V. 35 o
38 184
36 20
574 84
82§ [
Total in inches. 399-38 199:00

s Den Varidi, 1865, p. 66)
to be pr that varieties growing near one
..d.m,m s spontaneously intercross.
this point in Nemophila. Verlot
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The plants were first measured to the tips of their leaves, before
they had flowerod and when the crossed were under a foof
in height. The twelve crossed plants averaged 111 inches i1
height, whilst the twelve self-fertilised were less than half of this
height, viz, 5°45; or as 100 to 49. Before the plants had grova
to their ful height, two of the self-fertilised died, and as1 feared
that this might happen with others, they were again moasured
to the tops of their stems, as shown in the preceding fable.

The twelve crossed plants now averaged 33°28, and the ten self-
fertilised 19° inches in height, or as 100 to 60; so that hey
differed somewhat less than before.

The plants in Pots ITL and V. were placed under a net inthe
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
left to fertilise themselves spontancously. 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 fowness of the capsules which they produced. The six crossed
plants bore 105, and the six self-fertilised only 30 capsules ; oras
100 to 29.

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

Tapre LXXIIL
Nemophila. insignis.

Stfrtlied Plants
No. of Pot. SULER e Diunte. | e Soltfritioed
Inches. mmff
L 27 274
14 34§
I 7§ 2
24§ 52
L 16 7
1v. 5 73
55 16
Total in inches, 110-13 14700
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on the opposite sides of four small pots, and treated as before.
‘But many of the plants were unhealthy, and their heights wero so
‘unequal—some on both sides being five times as tall as the others
—that the averages deduced from the measurements in the pre-
ceding table are not in the least trustworthy. Nevertheless I
have felt bound to give them, as they are opposed to my general
conciusions.

The soven self-fertilised plants from the erossed plants hero
average 15°73, and the seven self-fertilised from the self-fertilised
21 inches in height; or as 100 to 133. Strictly analogous ex-
‘periments with Fiola tricolor and Lathyrus odoratus gave & very
different result.

XXIII. BORAGINACEE.—BORAGO OFFICINALIS.

This plant is frequented by a greater number of bees than
almost any other one which I have observed. It is strongly
proterandrous (. Miller,  Befruchtung,’ &c., p. 267), and the
flowers can hardly fail to be cross-fertilised; but should this
ot occur, they are capable of self-fertilisation to a limited
extent, as some pollen long remains within the anthers, and is
apttofall on the mature stigma. In the year 1863 I covered
up & 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
yieded seods. Tho covered-up plant, howover, produced alto-
d seeds; the exposed
‘plant producing fifty-five seeds, the product, no doubt, of cross-
fertilisation.

Tn the year 1868 cighteen flowers on a protected plant were
crossed with pollen from a distinct plant, but only seven of these
produced fruit; and T suspect that I applied pollen to many of
the stigmas before they were mature. These fruits contained
on an average 2 sceds, with a maximum in one of three sceds.
Tywenty-four spontancously self-fertilised fruits were produced
by the same plant, and these contained on an average 12 seeds,
with & maximum of two in one fruit. So that the fruits from
the artificially crossed flowers yielded seeds compared with those
from the spontaneously self-fertilised flowers, in the ratio of 100
10 60. But the self-fertilised sceds, as often ocours when fow
are produced, were heavier than the crossed seeds in the ratio of
100 t0 90.
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These two lots of seeds wero sown on opposite sides of two
large pots; but T succeeded in raising only four pairs of equal
age. When the sedlings on both sides were about 8 inches
in height they were equal. When in fall flower they were
measured, as follows :—

TasLe LXXIV.

Borago offcinalis.
No.of Bt (Crossed Plants. | Selertilsd Plants.
Tnches. Toches.
1 19 13
2 18
164 20§
I 264 s2q
Total in inches. 8275 8475

The average height of the four crossed plantsis here 2068, and
that of the four self-fertilised 2118 inches; or as 100 to 102.

; buf
self-fertilised. The crossed plants in both pots flowered before:
the self-fertilised. Therefore I believe if more plants had been
raised, the result would have been different. I regret that I did
ot attend to the fertility of the two lots.

XXIV. NOLANACEZ.—NOLANA PROSTRATA.
Tn somo of the flowers the stamens are contideray shorter
than the pistil, in others equal to it in length.
therefore, but erroncously as it proved, that his plant was
dimorphic, like Primula, Linum, &., and in the year 1862 twelvo
plants, covered by a net in the greenhouso, wero subjected to
The spontancously self-fertilised flowers yielded 64 grains
weight of seds, but tho 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 wero eagerly visited by boes for their pollen and were no
doubt intererossed by them, produced 79 grains weight of sceds:
therefore twelve plants thus treated would have yielded 105
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Thus the seeds produced by the flowers on an equal
‘mumber of plants, when crossed by bees, and spontaneously self-
fertilised (the product of fourteen artificially crossed flowers
being, however, included in the latter) were in weight as
100 to 61.

Tn the summer of 1867 tho trial was repented; thirty flowers
wero crossed with pollen from a distinct plant and produced
twenty-seven capsules, each containing five seeds. Thirty-two
flowers were fertilised with their own pollen, and produced only
six capsules, each with five sceds. S0 that the crossed and self-

capsules contained the same number of seeds, though
‘more capsules were produced. by the cross-fertilised than

Dy the self-fertilised flowers, in the ratio of 100 to 21.
An equal number of seeds of both lots were weighed, and the
seeds wero to the self-fertilised in weight as 100 fo 82.
Thereforo a cross increases the number of capsules produced and
the weight of the seeds, but not the number of sceds in each

capsule.

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

Tapue LXXV.
Nolana prostrata.
No.of ot. Crossed Plants, | Sef-ferilsed Plants.
Inches. Tnches.
L 8] 3
63 7
. 10 14
i 1
1L 0| 22g
Total in inches. 6375 1 67-00

T!m five crossed plants average 12'75, and the five self-
fertilised 13-4 inches in height; or as 100 to 105.
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CHAPTER VL
SOLANACE®, PRINULACES, POLYGONEE, ET0.

Petunia violacea, crossed and self-fertlised plants compared for four
\erat -Effects of a cross with a fresh stock—Uniform colour

of the flowers on the self-fertilised plants of the fourth generation
—Nicotiana tabacum, erossed and self-fertilised plants of equal

height—Great effeots of a cross with a distinct sub-variety on the
height, but not on tho fertility, of the oﬁynng4ye|.men per-
ertilised—

ey e it il
‘Fagopyrum eseulentum—Beta vulgaris—Canna. crossed
524 aibdexilioed plaaia o€ oqual helght—Zen seaye-—PLalaria
canariensi

XXV. SOLANACEZE.—PETUNIA VIOLACEA.
Dingy purple variety.

Tk flowers of this plant are so seldom visited during the day
by insects in this country, that I have never seen an instance;
but my gardener, on whom I can rely, once saw somoe humble-
Tees at work. Mr. Meohan says,* that in the United States
ees bore through the corolla for the nectar, and adds that their
“fertilisation is carried on by night-moths.”

In 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 aro cross-
fertilised by insects, for protected flowers which had their
own pollen placed on the stigmas never yielded nearly a full
complement of seed ; whilst those left uncovered produced fine
capsules, showing that pollen from other plants must have been
brought to them, probably by moths. ~Plants growing vigorously
and flowering in pots in the green-house, never yiclded a single

* Aa-d.v-ts«-.vfnz in Gormany. 6o it in as T hoar
lde‘phi; ‘Aug. 30d. 1870, p. 90.  from Mr. Boulger, with moths in
Srol Hikdabraad lio lfora me England.

that moths, especially Sphinz con-
voloul, largely haunt the flowers

+ ¢ Annales dsl Se. Nut? 4th
nenu; Bot. tom. ix. cah. 5,
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capsule; and this may be attributed, at least in chief part, to
the exclusion of moths,

Six flowers on a plant covered by a met wero crossed with
pollen from a distinet 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 149 grain weight of seed. From this it follows
that an equal number of crossed and self-fertilised capsules would
have contained sceds by weight as 100 to 67. I should not have
thought the proportional contents of so few capsules worth
giving, had not nearly the samo result been confirmed by several
subsequent, trials.

Seeds of the £wo lots were placed on sand, and many of the
self-fertilised sceds germinated before the erossed, and were

j Several pairs in an equal state of germination were
planted on the opposite sides of Pots 1. and IL; but only the
tallest plant on cach side was measured. Seeds were also sown
thickly on the two sides of a large pot (IIL), the scedlings being
afterwards thinned, so that an equal number was left on each
side; the threo tallest on each side being measured. The pots
were kept in the greenhouse, and the plants were trained up
sticks. For some time tho young crossed plants had 1o 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 :i—

Tasre LXXVL
Petunia violacea (First Generation).

No. of Pot. (Crossed Plants. | Sclf-erilsed Plants.
Taches. Tnches.
L 30 204
. 344 27y
L 34 284
304 27§
25 26
Total in inches. 154 | 130

The five tallest crossed plants here average 308, and the five
tallest self-fertilised 26 inches in height, or as 100 to 84.
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Three capsules were obtained by crossing flowers on the
above crossed plants, and three other capsules by aguin self-
fertilising flowers on the self-fertilised plants. Ono of the latter

two lots of seeds the plants of the following generation were
raised.
b

Plants of the 26 ionAnil
the last generation, many of the self-fertilised seeds germinated
before the crossed.

Seeds in an equal state of germination were planted on the
opposite sides of three pots. The crossed scedlings soon greatly
exceeded in height tho self-fertilised. In Pot L., when the tallest
crossed plant was 10} inches high, the tallest self-fertilised was
only 34 inches; in Pot II. the excess in height of the crossed was
ot quite 5o great. The plants were treated as in the last gene-
ration, and when fully grown measured as before. In Pot IIL,
both the crossed plants wero killed at an carly ago by somo
animal, 5o that the self-fertilised had no competitors. Nevertlm-
less theso two self-ertilised plants wore measured, and are in--
clnded in tho following table. Tho crossod plants fowered | long
‘before their self-fertilised opponents in Pots I and IT., and before
those growing separately in Pot IIL.

Tape LXXVIL
Petunia vidlacea (Second Generation).

PRI Ty Lot Ree e
" Tnches, Tnches,
L 574 iag
36§ 8
. “ 337
28
. 0 167
0 28§
Total in inches. | 1620 1575

The four crossed plants average 40°5, and the six self-for-
tilised 2625 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.

TTwelve flowers on these crossed plants were again crossed, and
eleven capsules were produced ; of these, five were poor and six
good; the latter contained by weight 3-75 grains of seeds.
Twvelve flowers on the self-fertilised plants wero again fertilised
with their own pollen and produced no less than twelve capsules,
and the six finest of these contained by weight 257 grains of
sceds. It should however be observed that these latter capsules
were produced by the plants in Pot IIL, which were not exposed
to any competition. The seeds in the six fine crossed capsules
fo those in the six finest self-fertilised capsules were in weight
5100 to 68. From these seeds the plants of the next generation
were raised.

Crossed and self-fertilised Plants of the Third Generation.—The
above seeds were placed on sand, and after germinating wero
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 scedlings
very early in life beat the crossed, and at one time were nearly
double their height. At first the case appeared like that of
Mimulns, in which after the third generation a tall and highly
sel-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 s an anomaly.
The sole conjecturo which I can form is that the self-fertilised

Tapre LXXVIIL
Petunia violacea (Third Generation ; plants very young).

N of Pot. Crossed Plants, | S ferllsed Planta.

3 Tnches. | Inches.
L TR 59
i 4
1. 8
61
L, 4 | L
Y 14 | 5

Total in inches. 1968 | 3650
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sceds had not been sufficiently ripened, and thus produced
weakly plants, which grew at first at an abnormally quick rate,
as occurred with seedlings from not well-ripened self-fertilised
seeds of Iberis. When the crossed plants were between 3 and &
inches in height, the six finest in four of the pots were measured
to the summits of their stems, and at the same time the six
finest of the self-fertilised plants. The measurements are given
in the preceding table (LXXVIIL), and it may be here seen that
all the solf-fertilised plants exceed their opponents in height,
whereas when subsequently measured the excess of the self-
fertilised depended chiefly on the unusual tallness of two of the
plants in Pot IL The crossed plants hero average 327, and
the self-fertilised 608 inches in height; or as 100 to 186.
When fally grown they were again measured, as follows :—

Tasie LXXIX,
Petunia violacea (Third Generation ; plants fully grown).

o of Pot.
L
1L 36 47
21 803
367 86§
L 52 46
v. 5 43§
Total in inches. 32175 48100
plants now 40°96,and

famhsed plants 53 87 inches in height, or as 100 to 131; and this
excess chiefly depended, as already stated, on the unusual fallness
of two of the self-fertilised plants in Pot IT. The self-fertilised
bad therefore lost some of their former great superiority over the
crossed plants. In three of the pots the seli-fertilised plants
flowered first; but in Pot IIL. at the same time with the crossed.
The case is rendered the more strange, because tho
plants in the fifth pot (not included in the two last tables), in
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which all the remaining sceds had been thickly sown, wero from
the first finer plants than the self-fertilised, and had larger

were ouly 4 inches. When the two
" 10inches high, the two self-fortilised were only 8 inches. These
latter plants,as wll as many others on the same side of this pot,
' never grow any higher, whereas several of the crossed plants
' grow to the height of two fect! On account of this great
superiority of the crossed plants, the plants on neither sido of
this pot have been included in the two last ables.

Thirty flowers on tho crossed plants in Pots 1. and IV. (Table
LXXIX.) wers again crossed, and produced seventeen capsules.
Thirty flowers on the self-fertilised plants in the same two pots
were again self-fertilised, but produced only seven capsules.
 The contents of each capsule of both lots were placed in separate
watch-glasses, and tho seeds from the crossed appeared to tho
eye to bo at least double the number of those from the self-
fertilised capsules.

Tn order to ascertain whether the fertility of the self-fertilised
ts had been lessencd by tho plants having been self-ferti-

d for tho three previous generations, thirty flowers on the
crossed plants were fertilised with their own pollen. These
yielded only five capsules, and their seeds being placed in

parate watch-glasses did not scem more numerous than those
from tho capsules on the selt-fortilised plants self-frtilised for
tho fourth time. So that as far as can be judged from so few
eapsules, the self-fertility of the self-fertilised plants had not
b ed in comparison with that of the plants which had
intercrossed during the three previous generations. It
however, bo remembored that both lots of plants
‘oen subjected in cach generation to almost exactly simil

from the crossed plants again erossed, and from the self-

d again solf-fertilised, produced by tho plants in Pot L.

LXXIX.), in which the three self-fertilised plants were

ttle taller than the crossed, were used in

t. They were kept separate from two

i lots of sceds produced by the two plants in Pot IV. in

‘same table, in which the crossed plant was much taller than

solf-fortilised opponent.

Grossed and selffertilised Plants of the Fourth Generation
o
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(raised from the Plants in Pot I., Table LXXIX.).—Crossed and
solf-friilised sceds from plants of the last generation in Pot L,
in Tuble LXXIX,, wero placed on sand, and after germinating,

calyx. The remaining seeds were sown crowded on the two
sides of Pot V.; and the four fallest plants on each side of this
pot were measured in the same manner.,

TapLe LXXX.
Petunia violacea (Fourth Generation ; raised from Plants of the
Third Generation in Pot I, Table LXXIX.).
P T ——
- Tnches,
L 29 30
36 34
49 81§
i 83 sif
3 88§
56, 584
L 48 45}
o )
54 nee HA8E
I 51 34
51 0
¥ 49 224
Crowded olants. 46 2
40 24
53 0
701-88 458°50

as 100 to 69. Bolhnlhecm.sdp mthilg\mmh'mh‘
recovered their wonted superiority over the self-fertilised plants;
thnughlhapsunhofthnhﬁ.«rm?ﬂl Table LXXIX., were &
little taller than their crossed
Crossed and  self-fertilised I‘Ianh q’ the Fourth Generation

© The Complete Work of Charles Darwin Online



Cuar. VL. CROSSED AND SELF-FERTILISED PLANTS. 195

(raied from the Plants in Pot TV, in Talle LXXIX)—Two
‘similar lots of seeds, obtained from the Dl SRS TR
Table LXXIX., in which the single crossed plant was at
first shorter, but ultimately much taller than its self-fortilised
opponent, were treated in every way like their brethren of the
samo generation in the last experiment. We have in the follow-
ing Table LXXXI. the measurements of the present D
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-
oy and in a fifth (viz, Pot IL) a crossed plant flowered

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

No.ofPot. | Crosed Plants. | Self-fortilised Plants.
Inches, Inches.
L s 07
46
. s08
40§ 31
874 23
L 54 22
61, 26
45 32
1v. 30 284
20 2
0 374 40
Crowded plants. 63 18
413 17
Total in inches. 58169

thirteen crossed plants here average 44°T4, and the

self-fertilised plants 26°87 inches in height; or as 100

Thie crossed parents of theso plants were much taller,

to the self-fertilised parents, than in the last case ; and

they transmitted some of this superiority to their
02
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crossed offipring, It is unfortunato that I did not turn these
plants out of doors, 50 as to observe their rlative fertility, for 1
compared the pollen from some of the crossed and self-fertilised

hardly
nnyhldl.miempty gaine, while such abounded o the pollen
of tho self-fertilised

Tlailmv‘at‘rwwa-/mh&oe&—lpmmedkmnl

plant differing in no respect
colour of the flowers, which was u fine purple, But this plant
mut havo bon exposod during ab s four enrations 1o very

different conditions from those to which my plants had been
subjected, as these had been grown in pots in the green-
house. Eight flowers on the self-fertil uaipm.inmh
LXXXI, of the last or fourth solf-fertilised gencration,
fertilised with pollen from this fresh stock ; ol sht pecinad
capsules containing together by weight 5-01 grains of seeds.
"he plaat raisd fom thse s may b cald the iatrham-

mgm flowers on tho crossed plants of the last or fourth genera-

ing by weight 207 grains of seeds. The plants raised from
these seeds may bo called tho intercrossed ; and these form the
fifth intererossed generation.

Eight flowers on the self-fertilised plants of the same genera-
tion in Table LXXXL were again self-fertilised, and produced
seven capsules, containing by weight 2-1 grains of sceds. The
wlf-fertilived plants raised from theso sceds form the fifth self-

ion. Theso latter plants and the intercrossed
are comparable in all respects with the erossed and self-fertilised
plants of the four provious generations.

From tho forgoing data it i say o calelatethat,

°I
Ten Westerham-crossed eapsules would have contained 6
Ten intorcrossed capsules wonld have contained . . 41
8

Weight

26

14

Ten self-fertilised capsules would have contained . 00

We thus get the following ratios:—
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Sceds from the Westerham-crossed capsules to

0 from tho capeulen of the A selElen

tilised generation. in weight 25100 to 48
Seeds from the Westerham-crossed capsules to

those from the capsules of the fifth intercrossed

generation 25100 to 66
Seods from the intercrossed fo thoso from tho
self-fertilised capsules .. as100t072

S0 that a cross with pollen from a fresh stock greatly increased
the productivencss of the flowers on Blanke which bnd b i
fertilised for the four previous generation mparison not
anly with tho flowers on the same plants sclf fertilsed for the ith
time, but with the flowers on the crossed plants crossed with
pollen from another plant of the ssme old stock for the fifth
time.

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

‘The Westerham-crossed plants in height to the

solf-fertilisod as100to 91
The Westerham-crossed plants in height to the
intercrossed . as100 to 119

The intererossed pllnh in hught to the self-
fertilised . = . as 100 to 77

These plants wero again measured when their growth appeared
on a casual inspection to bo complete. But in this I was mis-
taken, for after cutting them down, I found that the summits
the stems of the Westerham-crossed plants were still growing
y; s th infercossed bad.almost, and the sl

sed had quite comploted their growth, Therefore I do
doubt, if tho three lots had been left to grow for another
that the ratios would have been somewhat different
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from those deduced from the measurements in the following
table :—

TasLe LXXXIT,
Petunia violacea,
et et s
i o 1o
o T U e
Roaik Gungntion llumu-.d o i Geertions,
>

Tnches, Inche. Tnches.

1 [ 7 5

b o 56,

a1y By

i 48 507 41

54 EH 41

5 53 15,

i 02 59, 46q

53 54 s

62 61 194

. m 3 874
49§ o |

e i} 524

V. 43 % a1y
53, 344 26§

334 54 0

VI, a7y 56 16

61 63, 29

o 5 14,

VIL. 5 51 P
4 dog 123

.50 o o

e
vm | s 381 a1
Crowded. : b pred 14
Total in inches, ‘ 1051-25 1190-50 69788

The twenty-one Westerham-crossed plants now averaged 5005
inches; tho twenty-two intercrossed plants, 5411 inches; and
the twenty-ono self-fortilised plants, 83-23 inches in height, Wo
thus got the following ratios:—
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The Westerham-orossed plants in height to the

colf-fortilised . as100to 66
Thio Westerham-crossed plants in height to the
interorossed 25100 to 108

The intercrossed plam.s in hexght to the self-
fertilised as100to 61

We hero sco that the Westerham-crossed (the offspring of
‘plants self-fertilised for four generations and then crossed with
fresh stock) have guined greatly in height, since they were first
measured, relatively to the plants self-fertilised for five genera-
tions, They were then as 100 to 91, and now as 100 to 66 in
height. Tho intercrossed plants (i.c., 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 licight by the intercrossed ; and this is a
surprising fact, judging from mostof the other strictly analogons
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 s clear, as when measured before they
wwere 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
Tooked altogether more vigorous than the intercrossed ; and what
i much more important, they produced, as wo shall prosently
800, much heavier seed-capsules. So that in fact the offspring
from the self-fertilised plants of the fourth generation crossed by
a fresh stock wero superior {o the intercrossed, as well as to the

isod plants of the fifth generation—of which latter fact
thero could ot bo the least doubt,

“Theso threo lots of plants were cut down close to the ground
and weighed. The twenty-ono Westerham-crossed plants weighed
B2 0unces ; tho twenty-two intercrossed plants, 34 ounces, and tho
twenty-one self-fertilised plants 74 ounces. The following ratios
are caloulated for an equal number of plants of cach kind. But
s tho self-fertilised plants wero 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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Westerham-crossed plants in weight to

thu self-fertilised . as 100 to 22
The Westerham-crossed phnh in nght to

the intercrossed . as 100 to 101
The intercrossed yhnh in ImgM to U.la self-

fertilised . . . 28100 to 22:8

‘We here see, judging by weight instead of as before by height,
that the Westerham-crossed and the intercrossed have an

van
crossed are inferior to the interorossed 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
Intter.

Tad an abundanes of seeds of the same threo lots, from
i the foregoing plants had been raised, these were sown in
threelon gpnudmdw;ommgmwmmeopeum-l 5008 t0.
ascertain ts would be
nearly the same as before. Late in the autumn (Nuv 13) tho ten
tallest plants were carefully selected out of each row, and their
heights measured, with the following result:—

Tase LXXXIIL
Petunia violacea (plants growing in the open ground),

Westerham-crosmed | 1 i
e (om S Pl f o s he SiEerttid Panis
ol Biants of the e Sock inter:
Crvesd for Fiva )
L COETH T
Tnches. Tnches,
347 8
364 367
54 39§
24 57
57
364 41
i 57
37 40
38 4
58 36
366:75 38275
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- The ten Westerham-crossed plants here average 3667 inches
in height ; the ten intercrossed plants, 33-27 inches; and the ten
el fertilisod, 2551 inchan, Theso thea lotsof plats wero aléo
weighed ; the Westerham-crossed plants weighed 28 ounces; the
intercrossed, 41 ounces; and the self-fertilised, 1475 ounces.
Wo thus got the following ratios i—

The Westerham-crossed plants in height to the

self-fertilised 25100 to 63
Tho Westerham-crossed plants in weight to tho

self-fertilised . as100to 53
The Westerham-crossed plants in height to the

intercrossed 25100 to 104
The\\'es(erh,nm—fxtmod plants in weight to the

intercrosse 25100 to 146
The mkercrossed plants in height to tho self-

fertilised . as100 to 61
Tho intercrossed plunc.s in wmght fo the self-

fortilised . . as100to 36

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.
In weight thero is a much greater difference: the Westerham-
erossed exceed the self-fertilised by much less than they did
efore; but the self-fertilised plants in the pots had become
slightly withered, as before stated, and were in consequence
unfairly light. The Westerham-crossed plants are here inferior
in weight to the intercrossed plants in a much higher degree
than in tho pots; and this appeared due to their being much
less branched, owing to their having germinated in greater
mumbers and consequently being much crowded. Their leaves

 were of a brighter green than those of the intercrossed and
self-fertilised plants.

Relative Fertility of the Three Lots of Planis.—Nono of the plants
inpots in the greenhouse ever produced a capsule; and this may
be attributed in chief part to the exclusion of moths. There-
fore the fertility of the threo lots could be 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 rows were exactly of the same age and had been subjected
fo closely similar conditions, so that any difference in their fer-
tility must be attributed to their different origin; namely, to the
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one lot being derived from plants self-fertilised for four genera-
tions and then crossed with a fresh stock; to the second lot being.
derived from plants of the samo old. stock intercrossed for five,
generatious ; and to the third lot being derived from plants self-
fertilised for five generations. ~All the capsules, some nearly
mature and somo 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 wo have seon, 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
Iatter having grown more erowded and being in consequence less
branched. Therefore the average weight of an equal number of
capsules from each lot of plants seems o be the fairest standard
of comparison, as their weights will have beu determined chiefly
by tho number of the included seeds. As the intercrossed plants
were taller and heavier than the plants of the other two lots, it
‘might have be they would have

or heaviest capsules; but this was very far from being the case.

Tho ten fallest Westerham-crossed plants produced 111 ripe
and unripe capsules, weighing 121°2 grains. - Therefore 100 of
such capsules would have weighed 109-18 grains,

The ten tallest intererossed plants produced 129 capsules,
weighing 76°45 grains. Thereforo 100 of these capsules would
havo woighed 5926 grains.

Tho ten tallest selffertilised plants produced only 44 capsules,
weighing 22-35 grains. Therefore 100 of these capsules would
Tave weighed 5079 grains.

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

Westerh it il

e e S 1
Westorham-crossed plants to interorossed plants as 100 to 54
Intercrossed plants to self-ertilised plants . s 100 o 86

We here see how potent the influence of a cross with pollen
from a fresh stock has boen on the fortility of plants solf-fortilised
for four generations, in comparison with plants of the old stock
when either i for five ions; the
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flowers on all these plants having been left to be frecly crossed
by insects or to fertilie themselves. The Westerham-crossed
plants were also much taller 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 latter result,
Thowever, would almost certainly have been reversed, if the
‘plants had been allowed to grow for another month, as the
Westerham-crossed wero still growing vigorously, whilst the
intercrossed had almost ceased to grow. This ease reminds s of
‘the somewhat analogous one of Bschscholtzia, in which plants
Taised from & cross with a fresh stock did not grow higher than
the self-fertilised or intercrossed plants, but produced a greater
‘mumber of seed-capsules, which contained a far larger average
number of seeds.
Colour.of the Flowers on tho above Tiree Lots of Planis:—The
original lant, from which
generations wero maised, bore dingy purple flowers. At no time
‘was any selection practised, and the plants were subjected in
each generation to extremely uniform conditions. The result
- was, as in some previous cases, that the flowers on all the self-
Sfertilised plants, both in the pots and open ground, were
lutely uniform in tint; this being a dull, rather peculiar
colour, This uniformity was very striking in the long row
plants growing in the open ground, and theso first attracted
my attention. 1 did not notice in which generation the original
colour began to change and to become uniform, but I have every
reason to belicve that the change was gradual. The flowers on
the intercrossed plants were mostly of the same tint, but not
the and many of
them were pale, approaching almost to white, The flowers on the
plants from the cross with the purple-flowered Westerham stock

crossed loss 50, whilst the Westerham-crossed. plants varied much

i height.

NICOTIANA TABAGTN.

This plant offers a curious case. Out of six trials with erossed

self-ertilised plants, belonging to threo successive genera-
in one alono did the crossed show any marked superiority

‘height over the sclf-fertilised ; in four of the trials they were
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approximately equal; and in one (i, in the first generation)
the self-fertilised plants were greatly superior to the crossed.
In no ease did the eapsules from flowers fortilised with pollen
from a distinet plant yield many more, and sometimes they yielded
much fower sceds than the capsules from self-fertilised flowers.
Bat when the flowers of one variety were crossed with pollen
from a slightly difforont varioty, which had grown under
somewhat different conditions,—that is, by a fresh stock,—the
seedlings derived from this cross exceeded in height and weight
those from the self-fertilised flowers in an extraordinary degres.

Twelve flowers on some plants of the common tobacco, raised
from purchased seeds, wero crossed with pollen from a distinet
plant of the same lot, and these produced ten capsules. Twelve
flowers on the same plants were fortilised with their own pollen,
and produced eleven capsules. The soeds in the ten crossod
capsules weighed 817 grains, whilst those in ten of tho self-
fertilised capsules weighed 4767 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, us all the
capsules of both lots were very fino and healthy ones,

Tho sceds were placed on sand, and several pairs in an equal
stato of germination were planted on the opposite sides of three.
pots. The remaining seeds were thickly sown on the two sides
of Pot V., 50 that tha plants in this pot were much crowded.
The tallest plant on each side of each pot was mensured. Whilst
the plants were quite young the four tallest crossed plants
averaged 787 inches, and the four tallest self-fortilised 14-87
inches in height; or a5 100 to 189. The heights at this age are
given in the two left-hand columns of the following table.

When in full flower the tallest plants on cach side were again
measured (see the two right-hand columns), with the following
result. But T should state that the pots were not large enough,
and the plants never grew to their proper height. The four
tallest crossed plants now averaged 185, and the four allest
sel-fortilised plants 82-75 inches in height; or as 100 to 178,
Tn all four pots a self-fertilised plant flowered before any one of

In 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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Tapie LXXXIV.
Nisotiana tabacum (First Generation).

| tay 20,2000, December , 1863,
oo | oo [ stteritied [t
T Flant || Fhiar

Tochs, | Tnches. | ook | Tnche
o T 26 40 | 4
1L § g 6 |
L 8 I 16
Iv. 5 11y 1
Crowded.
T;;g\:g) 315 595 0 | 1810

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 sceds of tobacco
were sown thickly on opposite sides of two additional pots; the
plants being left to grow up much crowded. When they were
Totween 13 and 14 inches in height there was no differcnce
Detween the two sides, nor was there any marked difference
when the plants had grown as tall as they conld ; for in one pot
the tallest crossed plant was 26} inches in height, and exceeded
Ty 2 inches the tallest self-fertilised plant, whilst in the other
pot, the tallest erossed plant was shorter by 34 inches than the
tallest sclf-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 ;
0 that they were not exposed to at all severe mutual competition.
When theso plants were in flower I neglected to measure them,
but record in my notes that all four self*fertilised plants ex-
ceeded in height the four crossed plants by 2 or 8 inches. We
‘have seen that the flowers on the original or parent-plants which
were crossed with pollen from a distinet plant yielded much fower
seeds than those fertilised with their own pollen; and the trial
just given, as well as that in Table LXXXIYV., show us clearly
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that the plants raised from the crossed seeds were inferior in
height to those from the self-fertilised scods; but only when not
greatly crowded. When orowded and thus subjected to very severe
competition, the crossed and self-fertilised plants were nearly
equal in height.

Crossed and sdf-fertilised Plants of the Second Generation.—
Twelve flowers on the crossed plants of the lnst generation
growing in tho four largo pots just mentioned, wero erossed with
‘pollen from a crossed plant growing in one of the 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 tho crossed capsules contained by
weight 8392 grains of seeds, and ten of the self-fertilised
capsules 37°74 grains; or as 100 to 97. Some of thes soeds 3
an equal state of germination were planted in pairs on the
apposit siden of o largo pfa, A gool many of tho crosed

ted before the self-fertilised, and were of courso

i The plants thus raised were measured when several
of them were in full flower.

Tapie LXXXYV.
Nicotiana tabacum (Second Generation).
o, of Pot Crossed Plants, | Selfertilied Plants.

Incles. Inches.

L 14 27

78 8

9

i 60, 16§

44 z
10 504

87 (a)
813 (1)
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The thirteen crossed plants here average 8985, and the
thirteen self-fertilised plants 31-82 inches in height; or as 100
t08L  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 caso the nine remaining crossed plants average 5384,

the soven remaining self-fertilised plants 51°78 inches in
‘height, or as 100 to 96; and this difference is so small that the
erossed and solf-fertilised plants may be considered as of equal

hts,
In addition to these plants, three crossed plants were planted
separately in three large pots, and three self-fertilised plants in
‘three other large pots, so that they were not exposed to any
 competition; and now the self-fertilised plants exceeded tho
‘erossed in height by a little, for the three crossed averaged 55-91,
and the threo self-fertilised 59-16 inches; or as 100 to 106.
Crossed and self-fertilised Plants of the Third Generation,
 wished to ascertain, firstly, whether those self-fertilised plants of
 the last generation, which greatly exceeded in height their erossed
‘opponents, would transmit the same tendency to their offspring,
and secondly, whether they possessed the same sexual constitu-
 tion, I selected for experiment the two self-fertilised plants
marked A and B in Pot IIL in Table LXXXYV., as these two

Tapre LXXXVL
Nicotiana tabacum (Third Generation).
Seedlings from the Self-fertilised Plant A in Pot TIT,
Table LXXXY., of the last or Second Generation,

From Sltfrtlsed
From Sel-ertilised. | Plant aguin self-ert|
No.ofPot. | Plant, crosscd by s | lised,foriing the
Crobied Plant: | Thind Se-ferised
Generaton.
2 Inches,
1L 1003
91
i 110§ 59}
100§ 66§
i
.
Total in iaches.
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were of nearly equal height, and were groatly superior to their
crossed opponents.  Four flowers on each plant were fertilised
with their own pollen, and four others on the same plants wero
erossed with pollen from one of the crossed plants growing in
another pot. This plan differs from that before followed, in
which seedlings from crossed plants agnin crossed, have been
compared with seodlings from self-fertilised plants again self-
fertilited. 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 scemed to be rather less numerous than
those from the self-fertilised capsules. Theso seeds were planted
in the usual manner, and the heights of the crossed and self-
fertilised seedlings, when fully grown, are given in the precoding
and following table, LXXXVL. and LXXXVIL

‘Theseven crossed plants in the first of theso two tables averago
95°25, and the seven self-fertilised 79-6 inchos in height; or as
100 to 8. Tn half the pots a crossed plant, and in the other
half a self-fertilised plant flowered first.
Wo now come to the scedlings raised from the other parent-
plant B.

Cuar. VL.

NICUTIANA TABACUM.

Tasue LXXXVIL
Nicotiana tabacum (Third Generation).
Seedlings from the Self-fertilised Plant B in Pot I11.,
Table LXXXV., of the last or Second Generation.
From Selerl
From SclferliedFlant again st el
No.of Pt | Fiamt,cromed by a | led formin the
Crossed Plant. l Third Self-frtilised
Generstion.
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seven crossed plants (for two of them died) here average
n 78 inchu and the nine selffortilised plants 713 inches in
‘height; m-nmo to barely 101. In four out of nuu nvapm-.

any one
plants. So ﬂu!, differently from the last case, ths self fn‘hl‘hui
plants are in some respects slightly superior to the crossed.
1f we now mnslder the crossed and self- ferhlued plants of '.\Iu

inferior to the self-fertilised as 100 to 178; and the flowers on

* tho original parent-plants which wero crossed with pollen from o
distinet plAnt yielded much fewer seeds than the self-fertilised
the proportion of 100 to 150. But it is a strange fact

competition with the crossed, had on two occasions no advan-
fage over them. The inferiority of the erossed plants of this first
tion cannot be attributed to the immaturity of the seeds,
‘examined them; nor to the seeds being discased

in some one capsule, for the contents of

 the ten crossed capsules were mingled together and a few taken
by chanco for sowing. In the second generation tho crossed and

as the extraordinary superiority of the self-fertilised over
crossed plants in tho first generation, considered together,
me believe that some individuals of the present specics

i | affinties (i

‘-nnmm 1t is known* that with our domestic

* I have given evidence on  mestioat 'chp.xviiizndedn.
Nh;{mmd vol. ii. p. 146,
under Do-
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certain individuals aro sexually incompatible, and will mot
produce offspring, although fertile with other individuals. But
Kolreuter Teco) a case * which bears more closely on our
present one, as it shows that in the genus Nicotiana the varieties
differ in their sexual affinitios. He experimented on five
varicties of the common tobacco, and proved that they wero
varieties by showing that they were perfectly fortile when re-
ciprocally crossed; but one of these varieties, if used cither as
the futher or the mother, was more fertile than any of the others
when crossed with a widely distinot specics, N. glutinosa. As the
different varieties thus differ in their sexual afinitics, there is
nothing surprising in the individuals of the same varioty differ-
ing in a like manner to a slight

Taking the plants of the three generations altogether, the
crossed show no superiority over the self-fortilised, and I can
account for this fact only by supposing that with this species,
which is perfectly self-fertile without insect aid, most of the indi-

iduals 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 self-fertilised for many generations. In such cases &
cross botween two individuals does no good ; nor does it in any
case, unless the individuals differ in general constitution, cither
from so-called spontancons variation, or from their
having been subjected to different conditions, T beliove that
this is the true explanation in the present instance, because, as
we shall immediately see, the offspring of plants, which did not
profit at all by being crossed with a plant of the same stock,
profited to an extraordinary degree by a cross with a slightly

The Effcts of a Cross with a fresh Stock—I procured somo seed
of . talacum 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,
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thus raised may be called the Kew-crossed. Somo other flowers
on the same two plants were fortilised with their own pollen,
and gn thus raised form the fourth self-fertilised

generation. capsules produced by the plant in
Pot IL,, TAbla LXXXVIL, wero plainly less fine than the self-
fertilised capsules on the samo plant.  In Pot V. the one finest
capsule was also a self-fertilised one; but the sceds produced
by the two crossed capsules together cxceeded in number those
produced by the two sell-fertilised capsules on the sume plant.
Therefore as far as the flowers on the parent-plants are con-
‘eerned, a cross with pollen from a fresh stock did little or no
good; and I did not expect that the offspring would have re-
ceived any benefit, but in this T was completely mistaken.

The erossed and self-fertilised seeds 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 ot a quicker rate. Henco 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 sixteen

large pots. The two series of seedlings raised from the parent-
‘plaats in the zwo Pots 1L and V. were kept separate, and when
measared to the tips of their highest leaves, as

between the erossed 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
‘aceidental fall of a large bush in the greenhouse, several plants
}mmwnu-m much injured. These were at once
‘measured together with their opponents and afterwards thrown

away. Tho others wero lft o grow to their full height, and
»y.. measured when in flower. This accident accounts for the
hmghtoflomoflhcpm but as all the pairs, whether
prtlyor Mmmmlnh-m-m,the

mmnge heigmrmmcymm-edphmmmm-
pots of the two serios is 6329, and that of the twenty-
self-fertilised plants s 41-67 inches; or as 100 o 66. The
ity of the erossed plants was shown in another wa
B o s 1ok s et vt foverod
a self-frtilised one, with the exception of Pot VL. of the
i o which te plais, . th two sides fowered

P2
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Tapre LXXXVIIL
Nicotiana tabacum.

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

T e [ —
Keromed | ¥ St Kewroset | Fonth St
No.of o, | K200t No.of ot | K™ erimd Gene
eration, eration,
Tohes, | Tnchen, Toches, | dnchen.
1 8ig 8 L il 6
31 5 74 51
1L 784 51 . 55 27,
18 70 it 7
L [} 13 . 763 60
7 6
. 9 204 v 90y 11
15 3 22§ 4
V. 8 3 V. 4 284
17 51
VL % 50 VL | 1 789
VI, 81y a8y | vIL 854 o1y
64 564
VI, s34 sy || viL 65¢ 8]
72§ o7
Total in 7 13 || Total in 3 i
im“} 902:63 | 63613 || Total “} 74313 ‘ 44738

Some of the remaining seeds of both series, whether or not in
a state of germination, were thickly sown on the opposito sides
of two very large pots; and the six highest plants on cach side
of each pot were measured after they had grown to nearly their
full height. But their heights wero much less than in the
former trials, owing to their extremely crowded condition, Even
whilst quite young, the crossed seedlings manifestly had much
broader and finer leaves than tho self-fertilised scedlings.
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Tapie LXXXIX.
Nicotiana tabacum.
Plants of the same parentage as those in Table LXXXVIIL,
but grown extremely crowded in two large pots.

[t etz e v | s e v e Ly,
Plans ot
Kemcrousd Kemroued
Foutl Setbient- Fouth St
Pum. lised Generation. Plante. lsed
e o
Fh 2 i a3y
19 42 2
14 27, 18
23 16 51 15
25 134 3 154
18 16 24g 14§
17563 | 10150 20275 10513

The twelve tallest crossed plants in the two pots belonging to
tho two serics average here 31-53, and the twelve tallest sclf-ferti-
Tised plants 17-21 inches in height; or as 100 o 54. The plants
on both sides, when fully grown, some time after thoy had been
mearured, wero out down clow {0 {he gromd and weighed.
The twelve crossed plants weighed 21°25 ounces; and the
mnnlﬂeﬂﬂud plants only 7°83 ounces; or in weight as

to87.

Tho rest of tho crossed and eelf-fertilised soeds from. th two

1t)

open ground ; I)thl“hald.lmpmnotmbpmedto

oz theiz growth,  Whilst the secdlings were very emall the two
-—dm-m @ clear advantage over the two self-fertilised
e ‘When fally grown the twenty tallest erossed plants and
tho twenty tallest sclf-fortilised plants were selected and méa-
mmmmh of November to the extremities of their leaves,
as shown in the following table (XC). Of the cmtym-ed
plants, twelvo had flowered ; whilst of the twenty solf-
‘plants, one alone had flowered.
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Tasue XC.
Nicotiana tabacum.
Plants raised from the same seeds as in the last two experiments,
but sown separately in the open ground, so s not to compete
together.

C7 e
57 a2}
48 2

41875 J 280-80 49613 41725

The twenty tallest crossed plants here average 48-74, and the
twenty tallest self-fertilised 352 inches in height; or as 100 to
72, 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 12325 ounces; or
25100 to 63,

In the three preceding tables, LXXXVIIL, LXXXIX., and
XC., 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-
fertilised generation derived from the ssme two plants. These
crossed and self-fertilised plants were treated in three different:
ways, having been put, firstly, into moderately close competition
with one another in pots; secondly, having been subjected to
wifavourable conditions and to very severo competition from
being greatly crowded in two large pots; and thirdly, having
being 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 soveral ways,—by the earlier
germination of the crossed secds, by the more rapid growth of
the seedlings whilst quite young, by the éarlier flowering of the
maturo plants, as well as by the greater height which they
ultimately attained. The superiority of the crossed plants was
shown still moro plainly when the two lots were weighed ; the
weight of the crossed plants to that of the solf-fertilised in the
two crowded pots being as 100 to 37. Better evidence could
hardly be desired of the immense advantage derived from &
eross with a fresh stock.

XXVI PRIMULACE/E.—CYCLAMEN PERSICOM.*

Ten flowers crossed with pollen from plants known to be
distinct seodlings, yiclded nino capsules, containing on an
average 842 seeds, with & maximum of seventy-seven in one.
Ten flowers self-fertilised yielded eight capsules, containing on
an average only 13°1 seeds, with a maximum of twenty-five in one.
This gives 1 ratio of 100 to 38 for the average number of seeds
per capsulo for the crossed and self-fertilised flowers. The
flowers hang downwards, and as the stigms stand close beneath
the anthers, it might have been expected that pollen would,
Tiave fallen on them, and that they would have been spontanconsly
self-fertilised ; but these covered-up plants did not produce a
single capsule. On some ol cccsione macovered placte i
tho same greenhouse produced plenty of capsules, and T suppose
that the flowers had been visited by bees, which could hardly
fail to carry pollen from plant to plant.
~ The sceds obtained in the manner just described were placed

on sand, and after germinating were planted in pairs,—threo
crossed and three self-fertilised plants on the opposite sides of
four pots. When the leaves were 2 or 8 inches in length,
ineluding the foot-stalks, the seedlings on both sides were
equal. In the course of a month or two the crossed plants began
to show a slight superiority over the selffertilised, which
mw increased ; and the crossed flowered in all four pots some

wecks before, and much more profusely than the self-fertilised.
The two tallest flower-stems on the crossed plants in each pot
were now measured, and the average height of the eight stems

epandu, acoord- p. 150), s proterandrous, and this
Mhd- - (‘szrmph Bmml- ‘I hel(eva to be the case with C.
3 rsicum.
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was 949 inches. After a considerable interval of time the
self-fertilised plants flowered, and soveral of their flower-stems
(but I forgot to record how many) were roughly measured, and
their average height was a littlo 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 tho self-fertilisod plants was, that
they looked such poor speeimens that I determined to have them
re-potted in larger pots and in the following year to measuro
them carefully ; but we shall so that this was partly frustrated
by 50 fow flower-stems being then produced.

‘These plants were left uncovered in the greenhouse ; and the
twelvo crossed plants produced forty capsules, whilst the
tawelve self-fertilised plants produced only five; or as 100 o 12.
But this difference does not give a just idea of the relativo
fertility of the two lots. T counted the sceds in one of tho finest
capsules on the crossed plants, and it contained seventy-throe;
whilst the finest of the five capsules produced by the self-
fertilised plants contained only thirty-five good seeds. In the
other four capsules most of the sceds were barely half as large

as those in the crossed capsules,
Tasie XCL
Cyclamen persicum : 0 implies that no flower-stem was produced,
No.ofPot. | Crossed Plants. | Seltfrtlised Plaata,

Tnches, Inches.
L. 10 [
93 0
10§ 0
. 97 0
10 0
104 0
L. m 8
9 6
9§ 6
v. 1} o

10 7
10, 0

Total in inches. 119:88 2950
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In the following year the crossed plants again bore many
Mlowers before the self-fertilised bore a singlo one. The three
h\l—t flower-stems on the crossed plants in each of the pots

sFfrtiinol plants did not produce a single flower-stem; in
ot 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 self-
fertilised plants 7-37 inches; or s 100 to 74, The self-fertilised
plants wero miserable specimens, whilst the crossed ones looked
very vigorous.

ANAcaLLIS.
Anagallis eollina, var. raniifors (p.a. red and bue-flowered

um in wo of the capsules of seventeen seeds. Thercfore
crossed capsules yielded seeds compared with those in the
ving self-fertilised capsules, as 100 to 48, These seeds wero
than those from tho cross between two

Inals of the same red variety, and germinated much moro
The s on most of th plants produced by ho cros
varieties (of which several were raised),
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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 dogree in one case as to be almost interuediate in tint.
The crossed seeds of the two foregoing kinds and the self-
fertilised were sown on the opposite sides of two large pots, and.
the seedlings wero measured when fully grown, as shown in the
two following tables :—

Tasze XCIL
Anagallis edllina.
Red Variety crossed by »distinct Plant of the Red Variety,
e R Vet Sl fevised.
 No.otru. Croed Flania_| Sl et Pl
o Inches. Inches,
1L 284 154
21 154
173 14
Total in inches. 6175 4500
Red Varlety crossod by Blue Varkety, and Red Variety
e ™ 4
No.of Pt | Crossed Plants. | Slffrtilised Plants.
O s Inches. |
1. 804 244

Total in inches.

Total of both lots. 144-63 9975

As the plants of the two lots are few in mumber, they may bo
run fogothe for the general averago; but T may frst stato that
priootiars

@ cross between
of the red varioty is to that of the sel-ertilised plants of the red
varioty as 100 t0 73 ; whereas the height of the crossed

from tho two varieties fo the self-fertilised plmnouheni
variety is as 100 to 66. So that the cross between the

varieties is here seen to be the most advantageous. m-m-,
weight of all six erossed plants in the two lots taken together is
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~ 48:20, and that of the six sclf-fertilised plants 33-25; or as 100
1069,

These six crossed plants produced spontancously twenty-six
capsules, whilst the six self-fortilised plants produced only two,

plants as in the last gonus, Cyclamen, which belongs to the same
family of the Primulacese.

Provora veRss.  Brit. Flora.
(Var. offcinalis, Linn.). The Cowslip.
Most of the species in this genus are heterostyled or
; that is, they present two forms,—one long-styled
iwith 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
d(hlot.hur form; and this is effected under nature by insects.
Such

legitimat
from the sumo form, the full complement of seed is not pro-

them, I have called illegitimate. Theso scedlings are often

 dwarfed and moro or less sterile, like hybrids. I possessed
somo long-styled plants of P. mu, which during four successive
-nnmu had been produced from illegitimate unions be-
lnng-nylad vlnnh they were, moreover, in some degree
inter-related, and had been subjected all the time to similar
‘conditions in pots in the greenhouse. As long as they were

in
s if they were becoming habituated to illegitimate fertilisation.
Plants of the first illegitimate generation when taken from the
 groenhouse and planted in moderately good soil out of doors
grew well and were healthy; but when those of the two el
illegitimate generations were thus treated they e ex
M sterile and dwarfed, and remained so during the follol‘mg

* See my work, < The Different  papers in ¢ Journal of Proe. Linn.
Forms of Flowers on Plants of  Soc. vol. i |xo2 . 77, and vol.
the same Specics,’ 1877, or my  x. 1867, p. 393
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year, by which time -they ought to have become accustomed to
growing out of doors, so that they must have possessed o weak
constitution.

Under these circumstances, it scemed advisable to ascertain
what would be the effect of legitimately crossing long-styled
‘plants of the fourth illegitimato generation with pollen taken from
non-related short-styled plants, growing under difforent con-
ditions. Accordingly several flowers on plants of the fourth
illegitimate generation (ic., great-great ildren of plants
which had been legiti s ing vigorously in pots
in the greenhouse, wers legitimately fertiliséd with pollen from
an almost wild short-styled cowslip, and these flowers yielded
some fino capsules. Thirty other flowers on the same illegi-
timate plants were fertilised with their own pollen, and these
yielded seventeen capsules, containing on an averago thirty-two
seeds. This is a high degree of fortility; higher, T beliove, than
that which generally obtains with illegitimately fertilised long-
styled plants growing out of doors, and higher than that of the
provious illegitimate generations, although their flowers were
fertilised with pollen taken from a distinct 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 wero thinned, 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 IIL, Table
XCIIL, the self-fertilised plants wero rather the tallest. But by
the time that they had thrown up young flower-stems, the
logitimately crossed plants appeared much the finest, and had
greener and larger leaves. The breadth of the largest leaf on
each plant was measured, and those on the crossed plants were
on an average o quarter of an inch (exactly ‘28 of en inch)
broader than those on the self-fertilised plants. The plants,
from being too much erowded, produced poor and short flower-
stems. The two finest on each side wero measured ; the eight
on the legitimately crossed plants averaged 408, and tho 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. In
the following year (1870), when in full fower, the two tallest
flower-stems on each side wer agnin measured, as shown in the
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following table, which likewiso gives the number of fower-stems
‘produced on both sides of all the pots.

TasLe XCIIL
Primula veris.
| megitimately setefetiisea
Lostimately crosed Plants| Mgty sl
o ofPot. — — —
Heightin [No,FIower| poigiy g [Noof P
ndies [ Semapr- || Mol | seme po-
T 9 16 2} 3
8 8
L. 7 1 6 ]
64 54
L. 6 1 [ s 4
61 o
I 74 14 24 5
gl 2
Total. ‘ 5626 ' 6z || 3575 15

* The average height of the eight tallest flower-stems on the
rossed plants is here 708 inches, and that of tho cight tallest
ms on the self-fertilised plants 8:21 inches; or as
100 to46. We see, also, that the crossed plants bore sixty-two
flower-stems; that is, above four times as many as those (viz.,
uum) borno by the self-fertilised plants. The flowers wero
left exposed to the visits of insects, and as many plants of
both forms grew close by, Lheymmhnwbeanleglhmnmly
and maturally fertilised. Under theso circumstances
erossed plants produced 324 capsules, il the slf ot
produced only 16; and theso were all produced by a singlo
plant in Pot IL, which was much finer than any other self-
 fortilised plant. ' Judging by the number of capsules produced,
the fertility of an equal number of crossed and self-fertilised
‘plants was as 100 to 5.
In the suceceding year (1871) T did not count all the flower-
m on these plants, but only those which produced cap-
sules containing good sceds. The season was unfavourable, and
the crossed plants produced only forty such 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 3-5.

In considering the great difference in height and the wonderful
difference in fertility between the two sets of plants, we should
bear in mind that this is the result of two distinct agencies.
The self-fertilised plants were the product of illegitimate fertili-
sation 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 loss closely related. The plants had also been
subjected in each 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 erossed plants were the offspring of long-styled
plants 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
Iatter circumstance alone would have given great vigour to the
offspring, as wo may infer from the several analogous cases
already given. How much proportional weight ought to be at-
tributed to these two agencies,—the one tending to injure the
self-fertilised offspring, and the other to benefit the crossed
offspring,—cannot be determined. But we shall immediately
seo that the greater part of the benefit, as far as increased
fertility is concerned, must be attributed to the cross having
Deen made with a fresh stock.

PROMULA VERIS,
Equal-styled and red-flocered var.

Thave deseribed in my paper * On the Illegitimate Unions of
Dimorphic and Trimorphic Plants’ this remarkable variety, which
‘was sent o 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; 5o that it had lost tho 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 brought from 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
tly self-fertile when insects are excluded. Owing to the
te existence of this variety, it is possiblo to fertilise its
flowers in a legitimate manner with their own pollen, and to
exoss other flowers in a legitimate manner with pollen from
another variety or frosh stock. Thus the offspring from both
unions ean be compared quite fairly, free from any doubt from
the injurious effects of an illegitimate union.
The plants on which T experimented had been raised during
two successive generations from spontaneously self-fertilised

orohard ; o that the cross was botween plants which had been
to considerably different conditions. Several other
ers on_the samo two plants were allowed to fertilise them-
.Iv-und.er anet; and this union, as already explained, is

scodlings during the first year were nearly equal in
luht excepting in Pot IIL, Table XCIV., in which the self-
ed plants had a decided advantage. Tn the autumn the
wero bedded out, in their pots; owing fo this circum-
and to many plants growing in cach pot, they did not

ed. When in full flower the tallest flower-stem on each
of each pot ws measured, aud the mumber of the fower-
on both sides counted, as shown in the following table.
plants were left uncovered, and asother plants were growing
os6 by, the flowers no doubt wero crossed by insects. When

capsules were ripe they wero gathered and counted, and
result s likewise shown in the following tablo :—
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|

Tasue XCIV.
Primula veris (equal-styled, red-flowered variety),
Cromsed Plants. Sclf erilied Flaota,
o. Height of | Height of
oo Pty RS | oot by ot quea B st
Fuveron | Cipmlc| prowersiem Cipe
L | 10 “ (188 | e | s
Several,
i 8 1B | et s 2 0
counted.
L 74 7 8 | 10 5 2
Totals. | 26:0 | 88 | 208 l‘ 22:0 } 13 ‘ 82

The average height of the threo tallest flower-stems on the
erossed plants is 866 inches, and that of the threo on the
self-fertilised plants 7-33 inches; or as 100 to 85,

All the crossed plants together or producad thirty-throo flover-
stems, whilst the self-fertilised boro only thirteen. The number
of i cupsulotvan oouior onlyom e pants 5 Pots Tl T,
for the self-fertilised plants in Pot L. produced none; therefors
those on the crossed plants on the opposite side were ot
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 82 capsules; or as 100
fo 15, Julging fiom the provious genertions, ho extrema:

plants in this exp
s wholly s vt Dt subjected o unfavourable
conditions, and to severo competition with tho croseod planta;
they grown separately in good sol, it is almost certain
that they would have produced a large mumber of capsules.
The sceds were counted in twenty capsules from the crossed
plants, and they averaged 24°75; whilst in twenty capsules
from the self-fertilised plants the average was 17-G5; or as
100 to 71 Morcover, the sceds from the solf-fertilised

tog
the average number of contained seeds, the fertility of the
cmndphnhhﬂ:emlffnrhhudpluhmuloﬂhu.
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We thus seo what a great cffect, as far as fertility s concerned,
was produced by a cross between the two varieties, which had
been long exposed to different conditions, in comparison with
self-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 soed than the legitimately
crossed flowers; and that the scedlings raised from illegiti-
‘mately self-fertilised seeds would have been somewhat dwarfed
and less fertile, in_comparison with the seedlings from legiti-
. mately crossed sceds. This holds good in relation to the fer-
tility of the flowers; but to my surprise there was no difference
in growth between the offspring from a legitimate union between
two distinet plants, and from an illegitimate union whether
between the flowers on the same plant, or between distinct plants
the same form. But I have shown, in the work lately referred
that in England this plant is in an abnormal condition,

15, judging from analogous cases, would tend to render o

ot .

;
£
4
g

highly self-fertile. From tho analogy of 2. veris there

be a doubt that if a plant of P. sinensis could have
procured direct from China, and if it had been crossed
English varicties, the offspring would have
shown wonderful superiority in height and fertility (though
not in. the beauty of their flowers) over our ordinary

H
8
-3
a

first experiment consisted in fertilising many flowers on
and

belonging to the same form; 5o that all tho unions were
There was no uniform and marked difference in
Q
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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 sidesof four pots,
and numerous plants thus raised. But there was no

in their growth, excepting in one pot, in which the offspring
from the illegitimate union of two long-styled plants excecded.
in o decided manner in height the offspring of flowers on the
same plants fertilised with their own pollen. But in all four
pots the plants raised from the union of distinct plants ants elonging
to the same form, flowered before the offspring from the self-
fertilised flowers.

Somolong-styled and short-styled plants were now raised from
purchased seods, and flowers on both forms were legitimately
crossed with pollen from a distinet plant; and other flowers on
both forms were illegitimately fertilised With pollen from the
flowers on the same plant. Tho seeds were sown on opposite sides
of Pots L. to IV. in the following table (XOV.); a singlo plant
being loft on each side. Several flowers on the ho legitinate long-
styled and short-styled plants described in the lnst paragraph,
were also legitimately and illegitimately fertilised in tho manner
just described, and their seeds were sown in Pots V. to VIIL in
the same tablo. 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 seeds than the
illegitimate unions. The scedlings whilst half-grown presented
no_difference in height on the two sides of the several pots,
When fally grown they were measured to the tips of their
longest leaves, and the result s given in Table XCV.

In six out of the eight pots the legitimately crossed plants

exceeded in height by a trifle the illegitimately solf-fortilised
plants; but the latter exceeded the former in two of the pots in a.
more strongly marked manner. The average height of the eight.
legitimately crossed plants is 901, and that of the eight illegi-
timately self-fortilised 9-03 inches; or as 100 to 100°2. The
plants on the opposite sides produeed, as far as conld bo 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 crossed seeds wonld have been considerably more
fertilo than thoso from the illegitimately self-fertilised seeds.
The crossed plants, as in the previous case, flowered before the
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No.of Pot.
1 81 8
From short-styled
‘mother.
E 7 8
rom short-sty!
‘mother.
1L 9 9
From long-styled
. 8 . 8
From long-styled
mother.

V.
From illegitimate
short-styled
‘mother,

V.
From illegitimate
short-styled

‘mother,

viL
From ilegitimste
yled mother,

B v 104 10
From illegitimate
llong-styled mother,

Total i Inches. s | ms

 plants in all the pots excoptin Pot IL, in which the
flowered simultancously; and this early
bo considered as an advantage.
Q2
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XXVIL POLYGONEZ.—FAGOFYRUM ESCULENTUM.
‘This plant was discovered by Hildebrand to be heterostyled,
that is, to present, like the spcios 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 selffertilised scedlings is not fair, for we do not know
whether the difference in their heights may not be wholly due to
e e

Orossed and self-frtilised seeds from the short-styled parents,
after germinating on sand, were planted in pairs on the opposite
sides of a large 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
soedlings, when a fow 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 wero placed.
in a long row, 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
32{t. 8 in. Therefors the average height of the fifteen erossed.
plants in all three pots was 38-06 inches, and that of tho fifteen
self-fertilised plants 26°13 inches; or as 100 to 69.

XXVIIL CHENOPODIACEE.—BETA VULGARIS.
A single plant, no others ing in the same garden, was

growing
left to fertilise itself, and the self-fertilised seeds were collected,
Seeds were also collected from a plant growing in the midst of a

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 severo

© The Complete Work of Charles Darwin Online




Omar, VI BETA VULGARIS. 229

‘competition, as well as to poor conditions. The remaining sceds
were sown out of doors in good soil in zwolang-ndmmmsy
50 that theso seedlings favour-
able conditions, and were not subjected to any muml com-
petition. 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 been observed before. Owing to
the large number of seedlings which thus perished, the sur-
‘viving self-fertilised plants grew thinly in the row, and thus had
‘an advantage over the crossed plants, which grew very thickly
in the other row. The young plants in the two rows were pro-
tected by a little straw during the winter, and those in the two
large pots were placed in the greenhouse.
'nmm 1o difference between the two lots in 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-
fertilised. When in full flower their stems were measured, and
the measurements are given in the following table :—

Tapte XOVL
Beta vidgaris.

No. of Pot. F Crossed Plants.

Total in inches. 272:75 238°50

The averago height of the eight crossed plants is hero
8409, and that of the eight self-fertilised plants 29°81; or as
100 to 87.

‘With respect to the plants in the open ground, each long row
was divided into half, so as to diminish the chance of any
aceidental advantago in one part of either row; and the four
fallest plants in the two halves of the two rows were carefully
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selected and measured. The eight tallest crossed plants averaged
80°92, and tho eight tallest solf-fortiliscd 80-7 inches in height,
oras 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 competition.

XXIX. CANNACEZE.—CANNA WARSCEWICZ
Tn most or all the species belonging to this genus, the pollen
is shed before the flower expands, and adheres in a rass to the
foliaceous pistil close beneath the stigmatic surface. As the

probably all the others of the genus are highly solf-fertile.
Exceptions occasionally occur in which, from tho stamen bei
slightly shorter than usual, the pollen is deposited a lttlo beneath
the stigmatio surfuce, and such flowers drop off unimpreg-
nated unless they are artificially fertilised. Sometimes, though
rarely, the stamen is a littlo longer than usual, and then the
whole stigmatio surface gots thickly covered with pollen. As
some pollen is gonerally doposited in contact with tho edgo of
the stigma, certain authors havo concluded that the flowers are
invariably self-fortilised. This js an extraordinary conclusion,
for it implies that a great amount of pollen is produced for 1o
. On this view, also, the large size of the stigmatie
surface is an unintelligible feature in the structuro of the fower,
as well as tho relative position of all the parts, which is such
that when inseots visit the flowers to suck the copious nectar,
they canmot fail to carry pollen from one flower to another. *

Delpino has described ‘Dot aro fertilised in the bud, and that
Cfertlisation is inevitable.

* Del
Zeimng.rl‘ﬁ?, D27 and Belen- sl ferti
tific Opinion,” 1870, 'p. 135) the
structure of the flowers in this
genum but ho was mi in
thinking thiat self-fertilisation is
impossible, at least in tho case of
tho prosent spcics Dr. Dickio nd
Prot. Faivre state that the flowers
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According to Delpino, bees eagerly visit the flowers in North
Ttaly, but 1 have never scen any insect visiting tho flowers of the

plenty of seed, as they likewiso 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 gencrations. As
they are cultivated in pots, and aro ot exposd to comptiton

with surrounding plants, they have also been subjected for
considerablo time to somewhat uniform conditions. This, there-
fore, is a case exactly parallel with that of the common pea, in
which we have no right to expect much or any good from
int plants thus descended and thus treated; and
10 good did follow, excepting that the cross-fertilised Sowers
yielded rather more soeds than the sclf-fertilised. This species
was one of the earlier ones on which 1 experimented, and as T
Tad not then raised any self-fertilised plants for several sucoessive
generations under umlummd.lhm 1 did not know or even
suspect that such
10 bo gainod from a cross, T was thereforo much sarprised at
the crossed plants not growing more vigorously than the self~
frtilised, and o largo number of plants were nhad, notwith-

long soaked in water, will not gorminato well on bare sand ; and
those that were sown in pots (which plan I was forced to follow)
inated at very unequal intervals of time; so that it was

continued during throo successive generations; tnd In such
generation the self-fertilised plants were again self-fertilised,
their early progenitors n this country having probably been self.
fertilised for many previous generations. In each generation,
80, the cromed piaata wee folied wih pollan froun anotbes
crossed plant.

Of the flowers which were crossed in tho three generations,

forty-seven capsules from the crossed flowers, and they con-
tained on an averago 9°95 soeds; whereas forty-cight capsules
from the self-fertilised flowers contained on an average 845
seeds; or as 100 to 85, The seeds from the erossed flowers were
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ok Beuer, on thocontary Lt lghter, than thos o the
flowers, as was
T weighed 200 of the crossed and 106 of mmme.mmm,
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 heavicr than those
from tho crossed flowers, this appeared to bo due generally
to fewer having been prodnced by the self-fertilised flowers, and.
to their having been in consequence better nourished. But in

separate into t¥o lts—namey, thoss rom the capsulo on-

taining over fourteen sceds, and those from capsules containing

under fourtoen seeds, and the seeds from the more productive

upwhmmuuom. two; 50 that the above explana-
here fails.

ot ‘pollen is deposited at & very early ago on the pistil, gene-
rally in contact with the stigma, some flowers whilst still in
and

e
the same result followed in all threo generations, it would be
superfiuous to give the heights of all the plants, and I will give
only the averages.

Tn orde to raisocrosod and selffrtilisd plants of tho seeond

within mnzy ~four hours after they had expunded with pollen
from a distinet plant ; and this interval would probably not be oo
great to allow of cross-fertilisation Some flowers
on the self-fertilised plants of the last generation were also self-

ised, From theso two lots of sceds, ten erossed and twelve
solf-fertilised plants of equal agos were raised ; and theso were

‘again the two lots were nearly equal; but the self-fertilised had
a slight advantage.

Tn order to raise plants of the third generation, n 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 tho stigmas, so that they conld not possibly have been
self-fertilised.  These flowers were crossed with pollen from
distinct plant. Flowers on the self-fertilised plants of the second
generation were again self-fertilised. From the two lots of seeds
thus obtained, twenty-one crossed and nineteen 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., 17 inches) the self-fertilised. They were
again cut down, and on their flowering for the third time, the
self-fertilised plants had a slight advantago (viz., 1-54 inches)
over the crossed. Hence the result arrived at with these plants
during the previous trials was confirmed, namely, that neither
Iot had any decided advantage over the other. It may, however,
be worth mentioning that the self-fertilised plants showed some
tendeney to flower bofore the crossed plants: this occurred with
all threo pairs of tho first generution; 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 throo generations taken
together, the thirty-four crossed plants average 8598, and the
thirty-four self-fertilised plants 36-39 inches in height; or as
100 to 101 We may thereforo 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
to similar conditions in cach generation, so that all the indivi-
duals had acquired  closely similar constitution.

XXX. GRAMINACEZE.—ZEA MAYS.

‘This plant is moncecious, and was selected for trial on this ac-
eount, no other such plant having been experimented on* It is

* Hildebrand nmxukl thni male flowers ltnndmg above the

fhis species seems ut first sight  femalo Howers; ally

adapted to be fertilised by pollen  must_geverally S’ Bt b
o th same plaut, owing o the  polien from snother plant, ax the
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alsoanemophilous, or s 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
distinct plant; and a single plant, growing quite separately in a

ifferent part of the house, was allowed to fertilise itself spon-
taneously. The sceds 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 leaves when
only between 1 and 2 feet in height, as shown in the following
table:—

Tapie XOVIL
Zea mays.

Crossed Plants, | Slf-fertlised Plants,

Tnches

Total in inches.

The fifteen crossed plants here average 2019, 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 deseribed in the introductory chapter, of the above

Berlin, Oct. 1872,

male flowers usually shed their
pollen before the fomale flowers  p. 743,
are wature: *Monatsbericht der
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measurements; and adds the words “ very good ” to the curves
thus formed.

Shortly afterwards one of the crossed plants in Pot I. died;
another beeame much diseased and stunted ; and the third never
grew to its full height. They seemed 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 measurements. When the plants were fully grown they
were again measured to the tips of the highest leaves, and the
eleven crossed plants now averaged 68°1, and the eleven self-
fertilised plants 6234 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 66°51,and the nine self-fertilised
‘plants 6159 inches in height ; or as 100 to 93.

A large number of the same crossed and self-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 erossed averaged to the tips of their leaves
54 inches in height, and the self-fortilised 44°65, or as 100
to 83; and to the summits of their male flowers, 5396 and
4345 inches; or as 100 to 80.

PHALARIS CANARIENSIS.

Hildebrand has shown in the paper referred to under the
Inst specics, that this hermaphrodite grass is better adapted
for cross-fertilisation than for self-fertilisation. Severul plants
wero raised in the greenhouse close together, and their flowers
were mutually intercrossed. Pollen from a singlo plant growing
quite separately was collected and placed on the stigmas of the
same plant. The sceds thus produced wero self-fortilised, for
they were fertilised with pollen from the same plant, but it will
have been a mero chance whether with pollen from the same
flowers. Both lots of seeds, after germinating on sand, were
planted in pairs on the opposite sides of four pots, which were
kept in the greenhouse. When the plants were a lttle over a
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foot in height they were measured, and tho crossed plants
averaged 1338, and the self-fertilisd 12-29 inches in height ;
or as 100 to 9.

When in full flower they wero again measured to the ex-
tremition of their culms, as town in the & follwmg table:—

Tase XOVIIL
Phalaris canariensis.

Crossed Plants, | Self-fertilised Plants.

Toben | Doche
a1y

Total in inches,

The eleven crossed plants now averaged 33-9, and the eleven
self-fertilised plants 8569 inches in height; or as 100 to 92,
which is the same ratio as before. Differently to what ocourred
with the maize, the crossed plants did not flower before the self-
fertilised; and though both lots flowered very poorly from
having been kept in potsin the greenhouse, yet the self-
plants produced twenty-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 nearly equal number;
but a fur greater mumber 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
advantago 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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Tapre XOIX.
Plalaris canariensis (growing in the open ground).
T

Seltfertilised Plants,
| 7 twelve tallest,

[Crossea Plasts, twelve
allest,

rotal in
nches.

The twelve crossed 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 beforo the self-fertilised;
and thus differed from those growing in the pots.
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CHAPTER VIL

SvmMary oF THE HEGuTs AND WEIGHTS OF THE CROSSED AND
ELF-FERTILISED PLANTS,

Number of species and plants measured—Tables given—Preliminary
remarks on the offspring of plants crossed by a fresh stock—Thirteen
cnses specially considered—The effects of crossing a self-fertilised
plant either by another self-fortilised plant or by an interorossed plant
of the old stook—Summaty of the resnlts—Preliminary remarks on
the crossed and self-fertlised plants of the same stock - The twenty-
six exceptional cases considered, in which the crossed plants did not
exceed greatly in height the self-fertilisod—Most of these cases
shown not to be real exceptions to the rule that cross-fertilisation
is beneficial —Summary of results—Relative weights of the crossed
and self-fertilised plants.

THE details which have been given under the head

of each species are so numerous and so intricate, that

it is necessary to tabulate the results. In Table A, the
number of plants of each kind which were raised from

a eross between two individuals of the same stock and

from self-fertilised seeds, together with their mean

or average heights at or near maturity, are given. In
the right-hand column, the mean height of the crossed
to that of the self-fertilised plants, the former being
taken as 100, is shown. To make this clear, it may
be advisable to give an example. In the first genera-
tion of Ipomcea, 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. From this it follows, as shown in the
right-hand column, that if the mean height of the
erossed plants be taken as 100, that of the self-fer-
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tilised 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 ruised 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. The
later generations of Mimulus are not included, as a
new tall variety then prevailed on one side alone, so
that a fiir comparison between the two sides was no
longer possible.  With Ipomaa the variety Hero has
been excluded for nearly the same reason.

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, I 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 distinet sub-variety, in comparison with self.

ilised plants, or in a fow cases with plants of the
same old stock i during several i
The relative fertility of the plants in this and the
other tables will be more fully considered in a future
chapter.

© The Complete Work of Charles Darwin Online



240 SUMMARY OF MEASUREMENTS,

b

Cuar. VIL

TABLE A.—Relative Heights of Plants from Parents crossed with
Pollen from other Plants of the sume Stock, and self-fertilised,

LI 5
S2| oE
SF 5f 35 s
& bt i
NAMES OF PLANTS. .sg %i i; 3 |
2 o8
58 |55 8
£ 2 (B3] E§
% | < [27] <2
Ipomea generation | 6 [86:00( 6
Tpomea d generation | 6 |84°16| 6
I generation | 6 [77°41| 6
Ipomaa eration | 7 |6978| 7
Ipomaa eration | 6 82:54| 6
Ipomas generation | 6 (87:50| ¢
Ipomea purpures—7th generation | 9 [83-04| 9
Ipomaa generation | 8 [113-25 8
Ipomaa. generation | 14 1439[14
Jpomea pury meration | -5 [93-70| 5
rerge baght of al |
m pnnu R 78 (8584 | 73 6602 , , 7
Mimulas lnl-m—l.hm first. geno-
rations, before the new and taller| 10 | 8:19[ 10 | 5-20| , , 65
R el varty copiet
igitali 16 (5138 8 [35-87| , , 70
1|19:50| 1 (15000 ,, , 77
3| 708 3|5l , ., 80
o | 6l6s-34| 6 |s650| o b 86
Vandellia nummolarifolia—crossed
and nh'len.llhcd pmu,mum 20| 430/ 20| 427 , , ®
perfe
Vandelia nummuhlrﬂu]h—cmned
ortlised plants, mited | 94 | 8e60| 24 | 838| ,, , 9%
lants .
‘andellia nummularifolia—
Jlants raised from perfect flowers, . 3
End selffortilised plants from{| 20 | 4°30| 20| 4-08| ., , o4
istogene flowers . . . .
Gesneria pendulina . . . . . 29-14( , , 90
Bk it L L -6 5 5 78
vigare . L . . . 1712 o 7 88
Thunbergia alata . . . . 65-00( 7108
Brasicaoevama 1 L Lo 39:00| » 8
ris umbellata—the self-ferti e
‘plants of the 3rd generation } 1839 » » 88
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NAMES OF PLANTS. ' 3 |2 %g 1! S
CHE TR 3 82
3
i ¥ hl i
FEG) B
162191 15 [19-54as 10010 80
o 4|2008| 4|2556] , , 88
ik, 2 orion B el bl el S R
ifornica — Bra-| 5 <
‘zilian stock, 1st generation . .| 14 | 44764 14 |45-12) , 101
Eschacholtsia mll!m'nlu—Bw!“ nlaliad ]
E " »
Esch

47 |40-03) 48 |42-72| ,, 107

s nlnnpo'u - -l %

Jtes—grown in open gror 28:09| 8 (2814 1 1 82
e el fueiliod

seods from o highly self-frtile(| 19 [27-48| 19 [92-55| ,, , s2

2 (17417) 24 1461 , , 8

e =
seeds from a highly self-fertile{ 8 [25-76| 8 [27°00| ,, 105
uin o
R o
seeds from a_semi-selfsterilef| 20 (29-98( 20 |97-71| ,, ,, 2
plant, grown in pots. . .
B tn  Sorsta  seit - frtiod
seeds from 8 semieselfsterilel{ 8 [25-02] § [2854| , , 90
wa in o
Vi ier v ] see| 1| |, L e
Adonis mstivalis . . . . : 14-25| 4 |14-31] , 100
Delphinium P 1 7 14:95 12:50 o
Viscaria g o o | 19 [84°30| 18 [38:35| T 1 o7
us o Tl
{Plsath m:{"P“: —oral onue Lefaer |, . 88
Dianthus yllee—gnd L % i
um 2 |16-75 i"15,,,.58
Dianthus -ry-phyu.._m ) o | slemal , , o

in pts
Disnthus_caryophyllus—offspring)
o yl.nu o the rd ittt

R
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TaBLE A—continued.
LiL
AL (¥
gg Eé gé
E= 35
NAMES OF PLANTS. ,E £ 5
s
PR |
z < z ]
81 |27-37 | 26 |25°18 jas 100 to 92
4 (1325 4 [14°43 ,,
7 (2285 7 [16°62| 1
8 43| 8 (46-00( ,,
mmndmllluh o ;o 16 |17°46| 16 |13-85| ,,
Lupinus luteus—2nd ‘enenlmn 8 (80°78| 8 [25-21| ,,
anlmupllotn.l—phnu of ol g l5ss0| 8 [s050] o
thol!u mll.llllolul . . 5 |86-00| 5 |82-35| ,,
. 4 [34°62| 4 [39°68 ,,
6|29 6| 133 ,
m} 18-01 183 ,,
: 3198 2 f17es7|
& 4+ (a3-50| & |o7-62| 1
7 8 |24-62| 8 |26-31| )
P.lulﬂnrnp ilis . . . . .| 2|49-00| 2 [51-00|
Apium petroselioum . . . .| 2 _:_,.}r{_::‘},,
Sabinss atro-purpure .| 4l1re1ef 41587
i ;‘ '“—P"""“"""“‘_} 7 [19-43| 6 [16-00| ,,
specalum 2| 4[19-28| 4|18-03]
h.l....m..._n.: generation . | 4 (2295 4 [18-37( »
generation . | 3 |23-33| 3 [19-00|
o m;m_m‘mmnm. o| 2 (3e75| 2 |4a-25| 1
Lobelia fulgens—2nd generation . | 23 |29-82( 23 |27-10|
muph.lh' ignis—half-grown . |12 [11°10| 12 | 5-45( »
ik 3328 [19-90|
Borago officinalis . . . . 4 [20-68| 4|21-18]
folana prostrata $ 512:75| 5 [13-40| »
etunia violacea—1st generation . | 5 30-80| 5 |26:00( 1
Petunia violacea—2nd generation 4 |40°50| 6 |26°25
Petunia viol generation . | 8 |40-96| 8 |53-87| .
‘etunia violacea—ith generation . | 15 (46:79| 14 |32:39| ,,
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!’ ! é * ;
5% ‘i ai ¥ |
H z
s o |3 32 123 3|
¥i el =1
. : HIE: E
£ £ £z | £l
HAENE R
4474[ 13 2687 s 100 o0 60
seennf ot ssms| 61
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‘TasLe B.—Relative Weights of Plants from Parents crossed with
Pollen from distinet Plants of the same Stock, and Self-fertilised.
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TaBLE O.—Relative Heights, Weights, and Fertility of Plants fase from
‘and from Parents cither

Parents crossed by a fresh Stock,
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TasLE C—continued.
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TaBLE C—continued.
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NAMES OF PLANTS AND NATURE
OF THE EXPERIMENTS.
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TaBLe C—continued.

NAMES OF PLANTS AND NATURE|
OF THE EXPERIMENTS,
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TasLe C—eontinued.
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In these three tables the measurements of fifty-seven
specics, 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 sceds to maturity; and most of them
were measured twice and some thrice. The various
precautions taken to prevent cither 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 ive effects of fertilisation and of
self-fertilisation on the growth of the offspring.

Tt will be the most convenient plan first to consider
the results given in Table C, as an opportunity will thus
be afforded of inci di; ing some imp
points. If 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
orwith another sub-variety have over the self-fertili:
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
eross 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. Tt 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 in *

constitution, There can hardly be a doubt that the
differences of all kinds between the individuals and
vazieties 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 o 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 same conditions; but this can hardly be the case,
except under the unusual contingeneyof 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 tho
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 been 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 not having to
compete with many or any surrounding plants. They
are thus enabled to absorb whatever they require
which the soil may contain. Fresh seeds are often
brought from distant gardens, where the parent-
plants have boen subjected to different conditions.
Cultivated plants like those in a state of nature
frequently intercross, and will thus mingle their
econstitutional peculiarities. On the other hand, as
long as the individuals of any species are culti-
vated in the same garden, they will apparently be
subjected to more uniform conditions than plants in a
state of nature, as the individuals have not to compete
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with various surrounding species. The seeds sown at
the same time in a garden have generally 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 not
frequented by insects in their new home, and there-
fore are not intercrossed; and this appears to be a
highly important factor in the individuals acquiring
uniformity of constitution.

In thy experiments the greatest care was taken that
in cach 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 thoso at the other end. In the successive
generations, the plants wero subjected to somewhat
different conditions, for the seasons necessarily varied,
and they were sometimes raised at different periods of
the year. 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 peculiarities would be variously
mingled in cach sueceeding intercrossed. gencration,
being but more
neutralised in a greater or less degree, and sometimes
revived through reversion; just as we know to be the
case with the external characters of crossed species and

varietics. With the plants which wero self-fertilised
during the this latter i

© The Complete Work of Charles Darwin Online



Cuar. VIL TABLE C. 257

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 as
nearly the same conditions as it is possible to conceive.

In Table C the crossed plants are the offspring of u
cross with a fresh stock, or with a distinct variety; and
they were put int ition either with self-fertilised
plants, or with intercrossed plants of the same old stock.
By the term fresh stock 1 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 varieties or
sub-varieties of the same species; but with Ipomeea,
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 may 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) Ipomaa purpurea.—Plants growing in the same
pots, and subjected in each generation to the same

iti were i for nine i
generations. These intercrossed plants thus became in
the later generations more or less closely inter-related.
Flowers on the plants of the ninth intercrossed 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
s
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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 to 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 sced-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 tho structure of the
flowers and from the frequency of the visits of humble-
bees. And so0 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.

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 wero 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 grandchildren,
in the ratio of 100 to 107. We here see that the
mero act of crossing two distinct 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 &
cross with a fresh stock did not benefit the great-
grandchildren of Hero; and if this were really the case,
it s the greatest anomaly observed by me in all my
iments.

(2.) Mimudus luteus—During the three first genera-
tions the intercrossed plants taken together exceeded
in height the self-fertilised taken together, in the ratio
0f 100 to 65, and in fertility in a still higher degree,
In the fourth generation u new variety, which grew
taller and had whiter and larger flowers than the old
varicties, began to prevail, especially amongst the self-
fertilised plants. This variety transmitted its characters
with remarkable fidelity, so that all the plants in the
Iater self-fertilised generations belonged to it. These

exceeded the it plants consider-

ably in height. Thus in the seventh generation the

intercrossed plants were to the self-fortilised in height

s 100 to 137. It is a more remarkable fact that the
82
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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 Ipomeea. No other such case, with the partial ex-
ception of that of Nicotiana, ocourred 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, wero intercrossed ; and some flowers on
the same plants were again self-fertilised. From the
sceds thus obtained, plants derived from a cross
between the self-fertilised plants, and others of the
seventh self-fertilised generation, were raised. But
this cross did not do the least good, the intercrossed
plants being inferior in height to the self-fertilised, in
the ratio of 100 to 110. This case is exactly parallel
with that given under Ipomeea, of the grandchildren
of Hero, and of its great-grandchildren;
for the seedlings raised by intercrossing these plants
were not in any way superior to those of the cor-
responding generation raised 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. ~Firstly, plants
of the cighth selffertilised generation were again
self-fertilised, producing plants of the ninth self-
rertilised generation. Secondly, two of the plants of the
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eighth ili ion were ij 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. I 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
dditional ions of self-fertilisation, and the
consequent advantage of any cross whatever, although
merely between the seli-fertilised plants. But however
this may be, the effects of crossing the self-fertilised
plants of the eighth generation with a fresh stock were
extremely striking ; for 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
twoof 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 nearly uniform
diti in paris with plants self-fertilised
for nine generations continuously, or then once inter-
crossed, namely in the last generation.
(8.) Brassica oleracea.—Some flowers on cabbage

© The Complete Work of Charles Darwin Online



262 SUMMARY OF MEASUREMENTS.  Cuar. VIL

plants of the second self-fertilised generation were
crossed 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.) Iberis umbellata. — Seedlings from a crimson
English variety crossed by a pale-coloured variety
which had been 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. Iam surprised that this cross with another
variety did not produce a still more strongly marked
beneficial effect; for some intercrossed plants of the
crimson English variety, put into competition with
plants of the same variety self-fertilised during threo
generations, were in height as 100 to 86, and in
fertility as 100 to 75. Tho slightly greater difference
in height in this latter case, may posslbly lve attributed
to the deteriorating effects of self- carried
on for two additional generations.

(5.) Eschscholtzia californica.—This plant offers an
almost unique case, inasmuch as the good effects of a
cross or the evil effects of self-fertilisation are confined
to the reproductive system. Intercrossed and self-
fertilised plants of the English stock did not differ
in height (nor in weight, as far as was ascertained,) in
any constant manner ; the self-fertilised plants usually
haying the advantage. So it was with the offspring
of plants of the Brazilian stock, tried in the same
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manner. The parent-plants, however, 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. Intercrossed seedlings, raised in England from
the Brazilian stock, compared with self-fertilised seed-
lings of the corresponding second generation, yielded
seeds in number as 100 to 89 ; both lots of plants being
Teft freely exposed to the visits 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 off-
spring were, as before, inferior in height and weight to
the plants of the Brazilian stock after two genera-
tions of self-fertilisation, but were superior to them
in the most marked manner in the number of seeds
produced, namely, as 100 to 40; both lots of plants
being left freely exposed to the visits of insects.

In the case of Ipomaea, 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
10 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 stock, 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.

‘hese same crossed plants were also to the off-
spring from the plants of the third self-fertilised gene-
ration crossed 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 advantage 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 does not do the
Teast good to the offspring either in height or fertility.
This case is almost exactly parallel with that of
Mimulus, or that of the Ipomea 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 cross
between 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 crossed 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 sen that seedlings from a cross
between two varieties, which differed in no respect
except in the colour of their flowers, were to the self-
fertilised seedlings from the same mother-plant in
height as 100 to 80; and in the second generation as
100 to 88. Unfortunately I did not ascertain whether
crossing two plants of the same variety failed to pro-
duce any beneficial effect, but I venture to predict such
would be the result.

(9.) Petunia violacea—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
erossed by a fresh stock, and the seedlings thus obtained
yere 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

© The Complete Work of Charles Darwin Online



266 SUMMARY OF MEASUREMENTS.,  Cuar. VIL

intercrossed 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 ratio 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 generations, 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
Ipomaea, Mimulus, and Dianthus, with respect to height.

(10.) Nicotiana tabacum.—MMy plants were remark-
ably self-fertile, and the capsules from the self-fertilised
flowers apparently yielded more seeds than those which
were cross-fertilised. No insects were seen to visit the
flowers in the hothouse, and I suspect that the stock
on which T experimented had been raised under glass,
and had been self-fertilised during several previous

fons  if so, we can why, in th
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 plants having 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 crowded, 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.
8o 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 ssme 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, they 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 wero 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
distinguishing between the evil effects of illegitimate

ilisati inued during four ions (that is,
by pollen of the same form, but taken from a distinet
plant) and strict self-fertilisation. But these two
processes perhaps do not differ so essentially as a
first appears to be the case. In the following experi-
ment any doubt arising from illegitimate fertilisation
was completely eliminated.

(18.) Primula veris. (Equalstyled, red-flowered
variety).—Flowers on plants of the second self-fertilised
generation were crossed with pollen from a distinet
variety or fresh 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 (as 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 fresh stock,
and of 805 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, weight, 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 other figures how wonderfully superior they
are both to the self-fertilised and to the i

plants of the same stock. With respect to height and
weight, there are only two exceptions to the rule,
namely, with Eschscholtzia and Petunia, and the
Intter 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 stock
were much more fertile than the self-fertilised plants.
The difference between the two sets of plants in the
table is generally much greater in fertility than in
height or weight. On the other hand, with some of
the species, as with Nicotiana, there was no difference
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 a cross
with a fresh stock or with a distinct sub-variety. 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 inter-
crossed or self-fertilised had become unhealthy ; for in
most cases there was no appearance of such unhealthi-
ness, 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,—both lots
haying 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
nearly uniform itions, does not benefit the offspring
in the least or only in a very slight degree. Mimulus
and the descendants of Ipomea named Hero offer
instances of this rule. Again, plants self-fertilised

© The Complete Work of Charles Darwin Online



270 SUMMARY OF MEASUREMENTS,  Cmar. VIL

during several generations profit only to a small extent
by a cross 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 generation in the course of my experi-
ments, so that they can never or most rarely have
suffered any evil from self-fertilisation (as with Esch-
scholtzia and Ipomaea), 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 orders. 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 from
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 T had always crossed some flowers either on the
self-fertilised or i d plants of each i
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
gelf-fertilisation in the ive g i As the
case stands, the self-fertilised plants of the
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 I always followed the plan in Table
©, 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 I have learnt that
tho self-fertilised plants of the later generations might
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be crossed with intercrossed plants of the same stock
with little or no advantage, although they profited to
an extraordinary degree by a cross with a fresh stock.

With respect to the greater number of the plants
in Table A, nothing special need here be said; full
particulars may be found under the head of each
species by the aid of the Index. The figures in the
right-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 motice
is here taken of the few cases in which crossed and
self-fertilised plants were grown in the open ground,
80 as not to compete together. The table includes,
as wo have seen, plants belonging to fifty-four species,
but as some of these were measured during several
successive generations, there are eighty-threo 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 aro 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 crossed plants exceed the seif-fertilised in
a Tatio of at least 100 to 95, and generally in & much
higher degree.

If 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 cight cases; so that the cases in
which the crossed plants exceed 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+8) they did not thus exceod

But we shall now show that in several of these
twenty-six cases the crossed plants had a decided ad-
vantage over the self-fertilised in other respects, though
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
conclusion 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
Ee to be really equal or superior to the crossed

We wdl now consider in some little detail the eigh-
teen 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

T
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cases in which the crossed plants were not taller than
the self-fertilised plants in any marked degree.

(L) Dianthus caryophyllus (third generation)—This plant was
experimented on during four generations, in three of which the
crossed plants exceeded in height the self-fertilised generally by
much more than five per cent.; and we have seen under Tablo
C that tho offspring from the plants of the third self-fortilised
goneration erossed by a fresh stock profited in height and for-
tility to an extraordinary degree. But in this third generation
the crossed plants of the same stock were in height to the self-
fortilised only as 100 to 99, that is, they were practically equal.
Neverthelcss, when the eight crossed and eight self-fortilised
plants wore out down and weighed, the former were to the latter
in weight as 100 to 49! There can therefore be not the least
donbt that tho crossed plants of this species are greatly superior
in vigour and luxuriance to the self-fortilised ; and what was the
canse of tho solf-fertilised plants of the third generation, though
50 light and thin, growing up s0 a8 almost o equal the crossed
in hoight, T cannot explain.

(&) Lobelia fulgens (first generation).—The crossed plants of
this generation were much inferior in height to the sel 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 corfain that the self-fertilised plants were very much
more vigorous than the crossed. As T used pollen of unequal
maturity for crossing and self-fertilising the parent-plants, it is
possible that the great difference in the growth of their offspring
may have been duo to this cause. In the next gencration this
souree 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-throo self-fertilised plants as 100 to 91.
We can therefore hardly doubt that & cross is beneficial to this

specics.

(8) Petunia. violacea (third generation).—Eight crossed plants
wero o cight self-fertilised of tho third generation in averago
height as 100 to 131; and at an early age tho crossed wero
inferior cven in a still higher degree. But it is a remarkablo
fuct that in one pot in which plants of both lots grew extremely
erowded, the erossed were thrico as tall as tho solf-fertilised. As
in the two proceding and two succeeding gencrations, as well as
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with plants raisod by a cross with a fresh stock, the crossed
greatly exceeded the self-fertilised in height, weight, and fertility
(when theso two 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 plants grew pre-
maturely, owing to the seeds of tho last generation not having
been well ripened; for 1 have observed an analogous case with
Theris.  Seli-fertilised seedlings of this latter plant, which were
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 botter matured seeds; so that having
thus once got a great start they were enabled ever afterwards to
rotain their advantage. Some of these same seeds of the Iberis
‘were sown on the opposite sides of pots filled with burnt earth
and pure sand, not containing any organic matter; and now the
crossed seedlings grew during their short life to double
the height of the self-fertilised, in tho same manner as occurred
‘with the above two sets of seedlings of Petnnia which were much
crowded and thus exposed to very unfavourable conditions. We
have seen also in the eighth generation of Ipomaea that self-
fertil ings raised from ¥ at first very
‘much more quickly than the crossed scedlings, so that they were
for a long time much taller, though ultimately beaten by them.
@, 5, 6) Eschucholtzia californica.—Four sets of measure-
ments are given in Table A. In one of these the crossed plants
exceed the self-fertilised in average height, go 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 caso tho self-fertilised excecded the
crossed by above this limit. Wehave seen in Table C that the
whole advantage of a cross by a fresh stock is confined to the
number of seeds produced, and so it was with the disadvantage
from self-fertilisation with the intercrossed plants of the same

fertility to the latter as 100 to 89, The intercrossed plants thus
lave at least one important advantage over the self-fertilised.
Moreover, the flowers on the parent-plants when fertilised with
‘pollen from another individual of the same stock yield far more
seeds than when sclf-fertilised; the flowers in this latter case
being often quito sterile. We may therefore conclude that a
eross does some good, though it does not give to the crossed
seedlings increased powers of growth.
T2
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(7.) Viscaria oculata—The average height of the fifteen inter-
crossed plants to that of the fifteen self-fertilised plants was only
23100 to 97; but the former produced many more capsules than
the latter, in the ratio of 100 to 77. Morcover, the flowers on the
parent-plants which were crossed and self-fertilised, yielded sceds
on one occasion in the proportion of 100 to 38, and on a second
occasion in the proportion of 100 to 58. So that there can bo
1o doubt about the beneficial effects of a cross, although the
mean height of the erossed 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 fallest of the self-fertilised plants, growing in four
pots, were measured ; and the former were to the latter in height
45100 to 98. In all four pots a erossed plant flowered beforo
any one of the selffertilised plants, and this is usually a safe
indication of some real superiority in the crossed plants, The
flowers on the parent-plants which were erossed with pollen from
another plant yielded seeds compared with the self-fertilised
flowers in the ratio of 100 to 72 We may therefore draw the
same conclusion as in the last case With respect o a eross being
decidedly beneficial.

(9) Borago oficinalis—Only four crossed and four self-
fertilised plants were raised and measured, and the former were
to the ltter in height as 100 to 102. So small a number of
‘measurements ought never to be trusted; and in the present in-
stance the advantage of the self-fertilised over the crossed plants
depended almost entirely on one of the self-fertilised plants
having grown fo an unusual height. All four crossed plants
flowered before their self-fertilised opponents. The cross-
fertilised flowers on the parent-plants in comparison with the
self-fertilised flowers yielded sceds in the proportion of 100 to 60.
So that here again we may draw the same conclusion as in the
two last cases.

(0) Passifiora_gracitis—Only two crossed and two self-
fertilised plants were raised; and the former wero o the latter in
height as 100 o 104. On the other hand, fruits from the cross-

i the I i innumber,
compared with those from the self-fertilised flowers, in the pro-
‘portion of 100 to 85.

(LL) Phaseolus multiflorus—Tho five crossed plants wero to
the five self-fertilised in height as 100 to 96. Although the
crossed plants were thus only four per cent. taller than the
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self-fertilised, they fowered in both pots before them. Tt is
therefore probablo that they had some real advantage over the
self-fertilised plants.

(12) Adonis stivalis—Tho four crossed
exactly equal in height to the four self-fertilised plants, but as
50 fow plants were measured, and as these were all * miserably
unhealthy,” nothing can bo inferred with safety with respect to
their relative heights.

(13.) Bartonia aurea—Tho eight crossed plants wero to the
eight self-fertilised in height as 100 to 107. This number of
plants, considering the care with which they were Taised and
‘compared, ought to have given a trustworthy result. But from
some unknown cause they grew very unequally, and they be-
came 80 unhealthy that only threo of the crossed and three
of the self-fertiliscd plants sct any sceds, and these fow in
number.  Under these ciroumstances tho mean height of ncither
Tot ean be trusted, and  the experiment is valucless. The cross-
fertilised flowers on the parent-plants yielded rather more seeds
than the self-fertilised flowers.

(14) Tiunbergia alata.—The six crossed plants were to the
six self-fertilised in height as100 to 108, Hero 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
tall as others. The parent-plants also were in an odd semi-
sterilo condition. Under these circumstances the superiority of
fh s ferliso plants camnot bo fally trusted.

Th

ul(uemhsed in height as 100 to 105; so that the latter scem
here to have a small but decided advantage. On the other hand,
the flowers on tho parent-plants which were cross-fertilised
‘produced very many more capsules than the self-fertilised flowers,
in the ratio of 100 to 21; and the seeds which the former con-
tained were heavier than an equal number from the self-fertilised
capsules in the ratio of 100 to 82,

(16.) Hibiscus africanus.—Only four pairs were raised, and the
crossed were to the self-fertilised in height as 100 to 109,
Excepting that oo few plants were measured, T know of nothing
else to cause distrust in the result. Tre crossfertilised
flowers on the parent-plants were, on the other hand, rather
more productive than the self-fertilised flowers.

(U7.) Apium petroselinum—A fow plants (number not re-
corded) derived from flowers believed to have been crossed by
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inseots and a few self-fertilised plants were grown on the opposite
sides of four pots. They attained to a nearly equal height, the
crossed having a very slight advantage.

(18) Vandelli ifolia.—Twenty raised
from the seeds of perfect flowers were to twenty self-fertilised
‘plants, likewise raised from the seeds of perfect flowers, in height
as 100 to 99. Tho experiment was repeated, with the sole
difforence that the plants wero allowed to grow more crowded ;
and now the twenty-four tallest of the crossed plants were to
the twenty-four tallest self-fertilised plants in height as 100 to
94, and in weight as 100 to 97. Morecover, a larger mumber of the
crossed than of the seli-fertilised plants grew to o moderate
height. The above-mentioned twenty crossed plants were also
grown in competition with twenty self-fertilised plants raised
from the closed or cleistogamic flowers, and their heights wero as
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 five
per cent. On the other hand, the crossed plants in the second
trial boro fower capstles, and these contained fewer seeds, than
did the self-fertilised plants, all the capsules having been
produced by cleistogamic flowers. The whole case therefore must
e left doubtfual.

(19) Pisum sativum (common pea).—Four plants derived from
4 cross between individuals of the same variety were in height
to four self-fertilised plants belonging to the same variety as 100
t0 115, ~Although this eross did no good, we have seen under
Table C that a cross between distinct varieties adds greatly to
the heightand vigour of the offspring ; and it was there explained
that the fact of a cross between the individuals of the same variety
not being beneficial, is almost certainly due to their having been
self-fertilised for many generations, and in each gencration
grown under nearly similar conditions.

(20, 21, 22)) Canna warscewiczi—Plants belonging to three
generations were observed, and in all of threo the crossed were
approximately equal to the self-fertilised ; the average height of
the thirty-four crossed plants being to that of the same number
of self-fertilised plants as 100 to 101 Thereforo the crossed
plants had no advantage over the sclf-fertilised ; and it is pro-
bable that the same explanation here holds good s in the case
of Pisum sativum ; for the flowers of this Canna are porfectly
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self-fertile, and were never seen to be visited by insects in the

ouse, 50 as to be crossed by them. This plant, moreover,
‘has been cultivated under glass for soveral generations in pots,
and thereforo under nearly uniform conditions. The capsules
produced by the cross-fertilised flowers on the above thirty-four
crossed plants contained more sceds than did the capsules
produced by the self-ertilised flowers on the self-fertilised plants,
in the proportion of 100 to 85; 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 work on heterostyled plants that this species is commonly
Taised in England from sclf-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, €0 as fo become in a greater or

degree equal-styled, and in consequence highly self-fertile.

Therefore I beliove that the cause of the crossed plants not

exceeding in height the seli-fertilised is the same as in the two
cases of Pisum sativum and Canna.

(24,95, 26 Nicotiana tabacum.—Four sets of measurements
were made; in one, the self-fertilised plants greatly excoeded in
height the crossed, in two others they were approximately equal
to the crossed, and in the fourth were beaten by them ; but this
Iatter caso does not 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, tho twenty-seven crossed
plants were in height to the twenty-seven self-fertilised plants
a8 100 to 96. This 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 slightly different variety,
that we may suspect (as explained under Table C) that most of
the individuals belonging to the variety which served as the
mother-plants in my experiments, had acquired a nearly similar
constitution, o as not to profit by being mutually intercrossed.

Reviewing these twenty-six cases, in which the
crossed plants either do not exceed the self-fertilised
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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
were worthless from the extreme unhealthiness of the
plants. In twelve other cases (three trials with Esch-
scholtzia here included) the crossed plants either were
superior in height to the self-fertilised in all the other
generations excepting the one in question, or they
showed their superiority in some different manner, as
in weight, fertility, or in flowering first; or again, the
fertilised 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 o, the want of amy advantage on the crossed
side is far from certain: with Thunbergia the parent-
plants were in an odd semi-sterile condition, and the
offspring 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,
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Lastly, with Pisum, Primula, the three generations of
Canna, and the three of Nicotiana (which together
complete the twelye cases), a cross between two plants
certainly did no good or very little good to the off-
spring ; but we have reason to suspect 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 Ipomeaand Mimulus, and toa 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 single
case in Table A which affords decisive evidence against
the rule that a cross between plants, the progenitors of
which have been subjected to somewhat diversified
conditions, is beneficial to the offspring. This is a
surprising conelusion, 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 treated 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 Ipomaa the
general average for the plants of all ten generations
is as 100 for the crossed, to 77 for the self-fertilised
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plants. This having been done in each case in which
more than one generation was raised, it is easy to
caleulate the average of the average heights of the
crossed and_self-fertilised plants of all the species
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, the
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 seli-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
45100 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
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~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 crossed,
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 belomging to differ-
ent varicties, in both of which cases they would almost
certainly differ in
by a wmpnnson of the Tables A and C. The latter
table gives the results of crossing plants with a fresh
stock or with a distinet 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 fifty-
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 stock 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.

TapLe B.

A few words must be added on the weights of
the crossed plants of the same stock, in comparison
BB it et Bl oasen s ivintin
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
stock. I regret that more trials of this kind were not
made, as the evidence 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
had to be collected when ripe, by which time the plants
had often begun to wither. In only one out of the
eleven cases in Table B, that of Eschscholtzia, do the
self-fertilised plants exceed the erossed in weight; and
we have already seen they are likewise superior to them
in height, though inferior in fertility, the whole ad-
vantage of a cross being here confined to the repro-
ductive system. With Vandellia the crossed plants
were a little heavier, as they were also a little taller
than the self-fertilised; but as a greater number of
more productive capsules, were produced by the cleis-
togamic 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 pl
superiority over the seli-fer
double thejr weight, except in one case, and here
the ratio is as high as 100 to 67. The results thus
deduced from the weights of the plants confirm in a
striking manner the former evidence of the beneficial
effects of a cross between two plants of the same stock ;
and in the few cases in which plants derived from a
cross with a fresh stock were weighed, the results are
similar or even more striking.
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CHAPTER VIIL

DIFFERENCE DETWEEN CROSSED AND SELF-FERTILISED PLANTS 1¥
(CONSTITUTIONAL VIGOUR AND IN OTHER RESFECTS,

Greater constitutional vigour of crossed plants—The effccts of great
erowding—Competition with other kinds of plants—Self-fertilised
plants more liable to premature death—Crossed plants generally
flower before the sclf-fertilised —Negative effects of intercrossing
flowers on the same plant—Cases deseribed—Transmission of the

00 cffects of a_cross to later generations—Effects of crossing
plants of closely related parentage—Uniform colour of the flowers
on plants self-fertilised during several generations and cultivated
under similar conditions,

Greater constitutional Vigour of crossed Plants.—As in
almost all my experiments an equal number of crossed
and self-fertilised seeds, or more commonly seedlings
just beginning to sprout, were planted on the oppo-
site sides of the sume 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 somo 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
seoparius) when under three inches in height were more
than twice as tall as the self-fertilised plants.
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After the crossed or the self-fertilised plants had
once grown decidedly taller than their opponents, a
still increasing advantage would tend to follow
from the stronger plants robbing the weaker ones
of nourishment and overshadowing them. This was
evidently the case with the crossed plants of Viola tri-
eolor, which ultimately quite overwhelmed the self-
fertilised. But that the crossed plants have an inherent

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
several cases, even with plants growing in close com;
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
sickly, but being ultimately conquered by it. The
plants of the eighth generation of Ipomaea 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 fect
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 sceds
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 imul y) a clear ad
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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 84.

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 been 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 opposite
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 very severe
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-
fortilised
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After the germinating seedlings had been planted
in pairs on the opposite sides of several pots, the
remaining seeds, whether or not in a state of germina-
tion, were in most cases sown very thickly on the two
sides of an additional large pot; so that the seedlings
came up extremely crowded, and were subjected to

ly severe ition and 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
kept 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 fally
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 54;
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 out of doors, than between the pairs which
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w in pots in the hothouse; but this may be
attributed to the self-fertilised plants being more
tender, 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
wulgaris, 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
unfavourable conditions far better than did the self-
fertilised plants, was shown on two occasions in &
curious manner, namely, with Iberis and in the third
generation of Petunia, by the great superiority in
height of the crossed over the self-fertilised seedlings,
when both sets were grown under extremely unfayourable
conditions; whereas owing to special circumstances
exactly the reverse occurred with the plants raised from
the same seeds and grown in pairs in pots. A nearly
analogous caso 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 Ipomaa, 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 tricolor. Even the tips
r of the shoots of the crossed plants of Sarothamnus

v
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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 ecrossed
seedlings of Nicotiana withstood a cold and wet
summer much better than the self-fertilised seedlings.
T have met with only one exception to the rule of
crossed plants being hardier than the self-fertilised :
three long rows of Hschscholtzia plants, consisting of
crossed seedlings from a fresh stock, of intercrossed
seedlings of the same stock, and of self-fertilised ones,
were left unprotected during a severe winter, and all
perished except two of the self-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.
Independently 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 vlgaris, 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 I 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
lost, that is more than four times as many. Mr. Galton,
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after examining some of my tables, remarks: “ It is very
evident that the columns with the self-fertilised plants
include the larger mumber 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 gencration of Lobelia
fulgens, in which the self-fertilised plants greatly ex-
‘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. T 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.

Species, of which the first Plants that flowered were
of Orossed P :
Ipomaa purpurea.—] 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.
u2
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Mimulus luteus (First Generation).—Ten flowers on the crossed
plants were fully expanded before one on the self-fertilised.

Mimulus luteus (Second and Third Generation).—In both thess
generations a crossed plant flowered before one of the self-
fertilised in all threo pots.

Mimudus luteus (Fifth Generation).—In all threo pots a crossed
plant flowered first; et tho solf-fertilised plants, which
belonged o the new tall variety, were in height to the

a5 126 to 100.

Mimulus luteus—Plants derived from a cross with a fresh stock,

85 woll as tho intercrossed plants of the old stock, flowered.

Origanum vulgare—During two successive seasons several

Brassica oleracea (First Generation).—All the msod  paata

growing in pots and in the open ground flowered

Brassica deracea (Second Generation)—A  crossed pxm in
threo out of tho four pots flowered before any ono of the
self-

Zberis umbellata.—In both pots a crossed plant flowered first.

Exclsclaltzia californica—Plants derived from the Brazilian
stock crossed by the English stock flowered in five out of
the nine pots first; in four of them a self-fertilised plant
flowered first; Andnotmwnapotdldmm tercrossed plant
of the old stock flower

Viola.tricolor.—A. crossed ])hnl in five out of the six pots
flowered before any one of the self-fortilised.

Dianthus caryophyllus (First Generation).—In two large beds
of plants, four of the erossed plants flowered before any one
of the self-fertilised.

Dianthus caryophylius (Second Generation)—In both pots a
crossed plant flowered first,

Dianthus caryophyllus (Third Generation)—In threo out of
the four pots n crossed plant flowered first; yet the crossed
were to the self-fertilised in height only as 100 to99, but in
weight as 100 to 49.

Dianthus caryophyllus.—Plants derived from a cross with a fresh
stock, and the intererossed 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 wero to the crossed in height as 109 to 100,

Tropeolum minus—A erossed plant flowered before any one of
the self-fertilised in three out of the four pots, and simul-
taneously in the fourth pot.

Limnanthes douglasii—A erossed plant flowered before any one
of the self-fertilised in four out of the five pots.

Phaseolus multiflorus—In both pots a crossed plant flowered
first.

Speeularia speculum.—In all four pots a crossed plant flowered
first.

Labelia ramosa. (First Generation)—In all four pots a erossed
‘plant flowered before any one of the self-fortilised.
Lobelia ramosa (Second Generation).—In all four pots a crossed
plant fowersd some days before any ono of the st
fertilised.

Nemaplila insignis—In four out of the five pots a crossed plant

flowered first.
inalis—In both pots a crossed plant flowered first.

Petunia. viddacea (Second Generation)—In all three pots a
crossed plant flowered first.

Nicotiana tabacum.—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 gt

clamen. persicum.—During two successive seasons
plant ﬂowsredmme wedka boies Gy s Gl It vl
in all fonr

Primula veris (oqunl-styled var)—In all threo pots a crossed
plant flowered first

B oo o al e pots plants derived from an
illegitimate cross between distinct plants flowered before
any one of the self-fertilised plants.

Primula sinensis.—A legitimately crossed plant flowered before
g o= of the self-fertilised plants in seven out of the eight

Fugvpyv-um eseulentum—A. legitimately crossed plant flowered
from one to two days before any one of the self-fertilised
‘plants in all threo pots.

Zea mays.—In all four pots a crossed plant flowered first.

Phalaris canariensis—The crossed plants flowered before the
self-fertilised in the open ground, but simultancously in the
pots.
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Specues, of which the first Plants that flowered were of
Self-fertilised Parentage.
ia californica (First ion).—The crossed plants
were at first taller than the self-fertilised, but on their second
growth during the following year the self-fertilised excecded
the crossed in height, and now they flowered first in_ threo
out of the four pots.

Lupinus luteus—Although the crossed plants were to the self-
fertilised mhmghtulwto&l et in all three pots the
self-fortilised plants flowered firs

Clarkia.elegans—Although the 7 plants were, as in the
last caso, to the self-fertilised in height as 100 to 82, yet in
the two pots the self-fertilised flowered first.

Lobelia fulgens (First Generation).—The crossed plants were to
the self-fertilised in height only as 100 to 127, and the latter
flowered much beforo 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 simultancously.

Petunia. violacex (Fourth Generation).—Although the crossed
plants were to the self-ertilised in_height as 100 to 69, yet
in three out of the five pots a self-fertilised plant flowered
first; 'in the fourth pot simultancously, and only in the fifth
did a crossed plant flower first,

Nicotiana tabacun _(First Generation)—The crossod_plants
‘were to the self-fortilised in height only as 100 to 178 and

a self-fertilised plant flowered first in all four pots.

Nieotiana tabacum (Third Generation).—Tho crossed plants
were to the self-fertilised in height as 100 to 101, and in
four out of the five pots a self-fertiliscd plant flowered first.

Canna warscewiczi—In the three generations taken together tlie
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.

Spesies in which the Crossed and Self-fertilised Plants
Hlowered almost simultaneously.

Mimulus luteus (Sixth Generation).—The crossed plants were
inferior in height and vigour to the self-fertilised plants
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which all belonged to the new white-flowered tall variety,
et 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

i ly.

imultancous|

ZLathyrus odoratus (Second _Generation).—Although the erossed
plants were to the self-ertilised in height as 100 to88, yet

iere was no marked difference in their period of flowering.

Lobdlia_fulgens (Second Generation).—Although the crossed
plants were to the self-fertilised in height as100 to 91, yet
they flowered simultancously.

Nicotiana 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 period of flowering of the crossed and self-fertilised
plants was recorded. In forty-four of them a crossed
plant flowered first either 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 Cyelamen, 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 tendeney 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 simultaneously.
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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 connected 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 wero of nearly equal
height, yet the self-fertilised tended to flower first.
On the other hand, with Primula sinensis, plants
raised from a cross between two distinet individuals,
whether these were legitimately or illegitimately
crossed, flowered before the illegitimately self-fertilised
plants, although all the plants were of nearly equal
height in both cases. So it was with respect to 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

1f-fertilised of the sixth ion 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
self-fertilised generation were thus raised, and the
latter flowered before the intercrossed in three out of
the five pots. Flowers on a plant both of Mimulus
Tuteus and of Tpomaea 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 case of the
Mimulus the self-fertilised plants flowered first in seven
out of the eight pots, and in the case of the Ipomea
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 Bfects of erossing Flowers on the same Plant.

In the discussion on the results of a cross with a fresh
stock, given under Table C in the last chapter, it was
shown that the mere act of crossing by itself does no
good ; but that the advantages thus derived depend on
the plants which are crossed, either consisting of
distinet varieties which will almost certainly differ

vhat in itution, or on the p i of the
plants which are crossed, though identical in every
external character, having been subjected to somewhat
different conditions and having 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-
clusion 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 distinet individual, and is capable of oceasionally 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, &e, and
sometimes even by seminal generationt There exist
also mumerous species in which the flowers on the
same plant differ from one another,—as in the sexual
organs of moneecious and polygamous plants,—in the
structure of the circumferential flowers in many Com-
posite, Umbelliferw, &c.,—in the structure of the
central flower in some plants,—in the two kinds of
flowers produced by cleistogamic species,—and in
several other such cases. These instances clearly
prove that the flowers on the same plant have often
varied independently of one another in many im-
portant respects, such variations having been fixed,

* It is, however, possible that  ments have been made with re-
the stamens which differin length  spect to_the stamens of Pel

or construction in the sume flower  mium,  With some of tho Mela-

co pollen differing in  stomacem, soedlings raised by mo

nature, and in this manner a cross  from flowers fertilised by pollon

might be made effective between  from the shorter stamens, cor-

the soveral flowers on the same tainly differed in appearance from

Mr, Macnab states (in o thoso raised from the longer stas

on to M. Verlot, ‘La  mens, with differently coloured

ction des Variétés,’ 1865, anthers; but here, again, there s

. 42) that scedlings mised from  some reason for believing’ that the
he shorter and longer stamens of  shorter stamens are tending

rhododendron differ in character;  wards abortion. In the vry dif-

rer stamens appa:  forent case of trimorphic hotero-

rently are becoming rudimentary,  styled plants, the two sets of sta-

o me_flower
that the result may be simply due widely diffrent ferilising powers.
i i + I have given numerous
the pollen, as in the caso of the of such bud-variations in my + Vae.
dwarfed plants of Mirabilis raised riation of Animals and Plans un-.
by Naudin by the use of too few der Domestication,’ chap. xi. Sud
len-graius. ~ Analogous state-  edit. vol. . p. 448,
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like those on distinct plants during the develop-
ment of species.

Tt 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 theif own pollen or crossing 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
flowers 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 species. 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 intercrossed plants in these two latter
pots had a real advantage over their self-fertilised
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opponents, was well shown by their relative weights
when cut down, which was as 100 to 7. The mean
height of the flower-stems on the twenty-five inter-
crossed plants in the ten pots taken together, was to
that of the flower-stems on the twenty-five self-forti-
lised plants, as 100 to 92. Thus the irftercrossed
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 distinct
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 superiority 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
much less liable to premature death,

(2.) Ipomaea purpurea.—Thirty-one intercrossed plants
raised from & 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-
erossed ; 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
erowded in nine of the pots (and theso 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 self-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, T shall have to recur in a future chapter. If we
now tumn 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 95, or if four dwarfed plants are excluded as
100 to 101 ; and in weight as 100 to 103. In seven out
of the eight pots a self-fertilised plant flowered before
any of the intercrossed. So that here again the self-
fertilised exhibit a trifling superiority over the inter-
crossed plants. For the sake of comparison, I may
add that seedlings raised during three generations
from a cross between distinet plants were to the self-
fertilised plants in height as 100 to 65.

(4) 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 differin height. When, on the other hand, flowers
on one of the above plants were crossed with pollen
taken from a distinct seedling, and other flowers were
self-fertilised, the crossed offspring thus obtained were
1o the self-fertilised in height as 100 to 74.

(5.) Origanum vulgare—A plant which had been
long cultivated in my kitchen garden, had spread by
stolons 5o as to form a large bed or clump. Seedlings
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raised by intercrossing flowers on these plants, which
strictly consisted of the same plant, and other seedlings
raised from self-fertilised flowers, were carefully 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 self-fertilised; two fresh lots of
scedlings 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-fertilised 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 samo 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 slightly superior to such intererossed
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 distinet individuals and oceasionally vary inde-
pendently of one another, agree well with our general
conclusion, that the advantages of a eross depend on
the progenitors of the crossed plants possessing some-
what different constitutions, either from having been
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exposed to different conditions, or to their having
varied from unknown causes in a manner which we in
our ignorance are forced to speak of as spontaneous.
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
hereafter be shown, often in fertility. To ascertain
whether this superiority would be transmitted beyond
the first generation, seedlings were raised on three
occasions 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
5o unequally that in both lots some were five times
as tall as the others. Therefore this experiment was
quite worthless; but I have felt bound to give it, as
opposed to my general conclusion. 1 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 experi-
ments may be found under the head of each spocies.

Secondly, a crossed and a self-fertilised plant of
Heartsease (Piola tricolor) grew near together in the
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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 nsects. Seeds were collected from both plants, and
seedlings raised from them. Those from the crossed
plants flowered in all three pots before those from the
self-fertilised plants; and when fully grown the former
were to the latter in height as100 to 82.  As both sets
of plants were the product of cross-fertilisation, the
difference in their growth and period of flowering was
clearly due to their parents having been of erossed and
self-fertilised parentage; 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 I possessed
plants, the parents and grandparents 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 aliowed to fertilise themselves under a net, and
their self-fertilised seeds saved. The scedlings thus
maised 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
Tots of seeds were likewise tried by being sown under
very ditions in poor d s0il, 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 & cross, have had a much shorter existence. Some
also of Mr. Laxton's varieties produced by artificial
erooses lmve remmd their astonishing vlgmlr mul
number of
B 2 1o utoes me, his experience ot
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
a8 the ddvantago 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

* Seo the_cvideuco on this mestication,’ chap. ix. vol. i. 2nd
head in my * Variation under Do- edit. p. 397.

x
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valuable experiments on hybrid Abutilons, that the
union of brothers and sisters, 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 relations possessed very weak
constitutions.* This same observer also foundt 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 bei
closely related they had little power of fertilising one
another}

Lastly, the ﬁxct of the intercrossed plants in
Table A not in height the ""‘ rtilised
plants in a greater and greater degree in the later
generations, is probably duo to their having become
more and more closely inter-related.

Uniform Colour of the Flowers on Plants, self-fertilised
and grown under similar conditions for several Genera-
tions.—At the commencement of my experiments, the
parent-plants of Mimulus luteus, Ipomaa purpurea,
Dianthus caryophyllus, and Petunia violacea, raised
from purchased seeds, varied greatly in the colour

kg Jemh—chn Zvnwhnﬂ. fir  Domestication” n{
B and 15, el vol 5 pr 151 oF habida of

Nat B. vii, pj
mz ma 1578, b 41430, Gladiolus and Cintus, auy ong of
14 fang, 1568, p 626, which could bo for
3 Enma nmxrhb from lll{ other, lmﬁ ot its
given in my Yokl tor.ove
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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
1 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

ter-related in the later 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.

Mimulus luteus—A tall variety, bearing large, almost
white flowers blotched with crimson, appeared amongst
the intercrossed and self-fertilised plants of the third
and fourth generations. This variety increased so
rapidly, that in the sixth generation of self-fertilised
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 appeared amongst the intercrossed plants,
yet from their offspring being intercrossed in each
Succeeding generation, it never prevailed amongst

x2
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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
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 sceds, but from its appearance amongst both the
crossed and self-fertilised plants of the third and fourth
generations; and from what I have seen of the variation
of this species on other occasions, 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 di 1f-fertilised t to the
complete exclusion of every other varicty.

Ipomaa purpurea.—My 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-
ceeding generations, up to the last or tenth, all produced
flowers coloured in the same manner. They were
absolutely uniform in tint, like those of a constant
species living in a state of nature ; and the 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
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than those which were first raised from the purchased
sceds. This dark purple variety did ot 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, throngh continued

and the of the plants
\mder 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 not improbable
that some of the parent-plants which were first self-
fertilised may have bome 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 samo 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.—In 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. 1
believe that this change of colour supervened quite
gradually; but I kept no record, as the point did not
interest me until I was struck with the uniform tint
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of the flowers on the self-fertilised plants of the fifth
generation. The flowers on the intercrossed plants of
the corresponding generation were mostly of the same
dull flesh colour, but not nearly so uniform as those on
the selffertilised 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 intererossed
plants in a less degree, 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 I did not attend to the uniformity in height of
the self-fertilised seedlings in the later generations of
the other species.

These few 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 s possible, and no intercrossing be per-
mitted.  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 intererossed in each generation, the colour
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of their flowers tended in some degree to change and to
become uniform. When 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.

Tue Bryects or CROS-PERTILISATION ASD SELP-FERTILIEATION 0N
e PRODUCTION OF SgEDs.

Fertility of plants of crossed and self-fertilised parentage, both lots
being fertilised in the same manner—Fertility of the parent-plants
when first crossed and sel-fertilised, and of their crossed and self-
i offspring when agnin crossed and self-fertilised—Com-

parison of the fertility of flowers fortilised with their own pollen

and with that from other flowers on the sume plant—Self-sterilo
plan of self-sterility—The appearance of highly self-
fortilo varieties—Self-fertilisation upparently in some respects

ficial, independently of the assured production of seeds—Relative

weights and rates of germination of seeds from crossed and telf-

fertilised flowers.

Tup present chapter is devoted to the Fertility of
plants, as influenced by cross-fertilisation and self-
fertilisation. The subject consists of two distinet
branches; firstly, the relative productiveness or fertility
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 sceds. 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
hiybrid plants; namely, in the first place the comparative
productiveness of  species when fertilised with pollen
from a distinet 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 Giirtner has shown, can
be crossed with great ease, but yield excessively sterile
hybrids ; while others are crossed with extreme 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 fertilising
them with their own pollen ; but as we have discussed
in the two last chapters the relative height, weight,
and constitutional vigour of crossed and self-fertilised
plants—that is, of plants raised from crossed and
gelf-fertilised seeds—it will be convenient here first
to consider their relative fertility. The cases observed
by me are given in the following table, ), in which
plants of crossed and self-fertilised parentage were left
to fertilise themselves, being either crossed by insects
or spontaneously self-fertilised. It should be observed
that the results cannot be considered as fully trust-
worthy, for the fertility of a plant is a most variable
element, 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
respect alike. In 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
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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 sceds per capsule
is a more valuable eriterion of fertility than the
number of capsules produced. This latter cireum-
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 mrely 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.

TasL D.—Relative Fertility of Plants of crossed and self-fertilised
Parentage, both sets being fertilised in the same manner, Fer-
tility judged of by various Standards, That of the crossed Plants
taken as 100.

IPOMEA PURPUREA—first._generation : r e
sed and self-fertilised plants, not growing much
1i-e

crowded, spontaneous rtilisod under a net, inf* 100 t0 99

number

IPOMEA PURPUREA—seeds per capsule on crossed and
self-fertilised plants from the same parents as in the last.

case, but growing much crowded, spontancously self-| -
frtilised under o net, in number . .+ .

Iroums roRroREA—prolutivenss of the sme plnts, s

Jjudged by the number of capsules produced, and average| ,, , 45
‘Bumber of TSR i o

IPOMGEA FURFUREA—thind generation: secls per capaule|
on crossed and self-fertilised plants, spontancously self.y ,, 5 84
fertilised under a not, In mumber . . . 4 00|

IrOMGEA. PURPUREA—productivencss of the same plants,)|
as judged by number of capsules produced, and average)
number of seeds per capsule + o .+ a . . |
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& seeds per capsulel

IPONGIA FURPUREA—Afth _generation
on crossed and self- rf\‘ﬁu.apn.m.nmmuumlumuu
hothouse, and spoatancousy

IPONGEA PURPUREA—ninth generation : nu
on crossed plants to those on selr rtied plants oponc
taneously self-fertilised under a net . .

1 MINULUS LUTEUS—an_equal numbvrofuplnlu on plants)

' descended from self-fertlised plants of the Sth genera-|

tion crossed by a fresh stock, and on plants of the 9th,

-lrr-numd pneration, both sets having been let

' orared and spontanesuly fetlsed, contalned seed

by welght - - v

. Moo Event—peainstiveses of the st drats,

by number of upnlu prod ..I }

per ca

. Vaxomun llullwmmrolu—mdn per u.p-uxu o
t:‘:il:hpm(c flowers on the crossed and self-fortilised

ks

ris cocorums—oresed plasts, spared with k"(”-}
tiiised ylnu. produced n..-m, in number

Inems UMBELLATA—plants left uncovered in greenhouse;
Winroromed laais f the Bed uaeretos, mp.m with

sed plants of the Snd guneration, seeds,

in number - 3.

IBERIS UMBELLATA—p]

asiation, compared v sl i i pl..u F tho v

generation, yielded seods, by weight . . .

PAPAVER VAGUM—crossed andself- rmuu pu-u, et
‘uncovered, produced capsules, in number

Bemsouourais. cuisronics—Bessilin stock; plants

andcrose-

+ plante e

fertilised by bees; capsules on|

intercrossed lillnh = th
S o et il

os-piaeiyaen Ul

f 2ud ;mm!(vn,;mp-ndvl
[EscuscioLTzia
. plants,as -d‘-lbynu-buofﬂnhpmi‘nd,nd

vod plasts of Sod pumaraio, on-
a8 j
‘number of seeds

Bscusouorzia nmmum—plmu left uncovered_and)
cross-fertilised by bees: capsules on ferived from|
ants of o guerston of the Bndlln
English stock, compared with
o sitbrtilved ,.lm- o354 graention o e
seeds, in number. . e
B i . roaial etz o e ne

of luc
R

n 2
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RESEDA ODORATA—crossed and self-fertilised plants, loft
uncovered and. cross-fertilised by bees, produced np-l-
in number (about)

VioLa Tricouon—crowsed and self-ferilisd plants, left
mereed sad cre Gl by boe, pedned sonlo
innumber . . .

DELeuINTUN coNsoLDA—crossed and self-fertilisod pllnu.
e wacovered.in the greenhouse, produced eapees in
Dumber .

and self-fetilised plants, M!}

VisoARIA 0GULATA—crossel
uncovered in the greenhouse, produced capsules in number
DIAXTHUS CARYORITLLS—plants spontaneously selffert
oed under » net; cpenls on ine
iriod pleata of he 3nd ‘contained seeds in
‘number
CARTOPIYLLDS —pluntsloft uncovered and cross)
friled by et offpriag from plats sl
ree generat

las 100 to 100

fortilisod by insects

oﬂbprlng h--un Blants self-frlsd
for_three Loy

and 1 a
stock, compared. with plants o the" S sttt
Eensration, produced esis by welght -

TROPEOLUM M1NUS—crossed and self-fortilised plants, lef
uncovered in the greenhouse, produced seeds in number .
Locedss poetasii—erosed and el fitlleed lunts

left w in greenhouse peules 1

“ and self-fer n;)hed plants of the
2nd geneation, e uncoversd i the greembonny pro-
duced seeds in number (judged from o w pods)
PiiaSeoL08 MULTIPLOROS—cromed and self fmnlmx ;-b.-.u.
left_uncovered in the greenhouse, prod:
number (about) .
Laruvios oporarts—crossed and self-fertilised plants o]
the 20d generation, left uncovered in the greenhouse, but
certainly self-fertilised, produced pods in number .

CLARKIA ELEGANS—crossed and self-fortilised plants, un)
|

uncovered in the groeuhouse, produced capsules in nurnber
Nesormuae tssoxis—cromed and it
vered

generat senls, s Julged by the weight ofan
Sl samber of capenles - : i
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TaBLE D—continued.

PeTusia viouuora—ieft uncoverel as sbove: afipring of
laats e fortlised fo four genertions and then
¥ & fresh stock, compared with plants of the m. wlifas 10010 48
firilisd goneration, produced sesls s judgel
weight of an equal number of capsules
Crouaes pumsiou—crosed and et rmmml plunu, |en
uncovered in the greenhouse, pr
B et i !emhsed phnu, |en
wncovered in the greenhouse, prndnud capsules in number
B v it momrsd s opn groend i cw}
ilised

sacts . afpring fom paats of the 3
i gitimate generation crossed by a fresh stock, compared
With plants of the 3t illegitmate and sell-ertilised |
generation, produ
Same plants in the following year ,
PROMVLA VERIS—(equal-styled variety):
opea ground. and. cros-fertilsed by insects
from plants slf-ertilised for two gennmlmm and then

aelf fertilised generation, produced upmle. in number. )
Pauria vems—(eyualatyled var) same plants; avrae
Bumber of seeds per capsulo
Pancria veas—(equal-styled var) produtiveness of the
same plants, as judged by nomber of capsules produced
‘verage nusiber of seeds per capoule . . .

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 ; both 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
eross-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 Ipomeea
and Dianthus, the plants were covered up, and both
lots were spontancously self-fertilised. This also was
necessarily the case with the capsules produced by the
eleistogamic 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 fertility
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
state 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 fall com-
plement of seeds. In 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 left to
fertilise themselves under a net; and it is almost
certain that the greater fertility of the self-fertilised
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 much
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 striking cases,
as that of Viola, between the intercrossed plants of the
same stock and the self-fertilised, even in the first
generation. The results most to be trusted are those
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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 there 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
scem 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.
Taptx E—Innate Fertility of Plants from a Cross with a fresh

Stock, compared with that of Intercrossed Plants of the same

Stock, and with that of Self-fertilised Plants, all of the corre~

sponding Generation ; all these sets being fertilised in the same

manner. Fertility judged of by the number or weight of seeds
produced by an equal number of Plants.

Selffortitised
Plauts,

Rn rvun—he nterrvend plants e o
cross between two plants of the

B sl vt omeraion. | Toeoal frsied
plants belong to the 9th generation . 2
ESCHSCHOLTZIA CALIFORNTCA—the intercrossed and)
St frtlnod plants belong o the 2ad generatien

DlA!tlmCAlvoPnnJ.m—lh-
derived from

g
.
®

00 | 45 | 40

g
&
g

&
e gementon. Tho slf [eruhuqrplnu betng
%o the 4th generation . i
B vricn. s ot i e
o piaats long o the Seh grasrtin ;]

100 54 | 46

XBln the sbov e, cceping i tht of Echucholas, the plnis
v from o cus ith  fresstock bnlong on the motherside to the
same stock with the intercrossed and self-fertlised plants, and
generatio
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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 samo number of generations. The
threo 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 plants.

With respect to the state of the reproductive organs
in the self-fertilised plants of the two last tables,
only a few observations wero made. In the seventh
and eighth generation of Tpomaea, 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 oceurs with hybrids. The
flowers likewise tended to be monstrous. In the
fourth generation of Petunia, the pollen produced
by the selffertilised and intercrossed plants was
compared, and there were far more empty and shrivelled
grains in the former.

Relative Fertility of Flowers crossed with Pollen from a
distinet Plant and with their own Pollen. This hwading
ineludes flowers on the Parent-plants, and on the erossed
and self fertilised Seedlings of the first or a susceeding Ge-
neration.—1 will first treat of the parent-plants, which
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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-
perimented 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 mature 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
ylelded capsules when they were crossed and self-fer-

; and as erossed flowers generally produce a
larger proportion of capsules, their superiority in fer-
tility, if this element had been taken into account,
would have been much more strongly 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 caleunlation, 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 crossed and self-fertilised flowers is given
in Table F as equal, or as 100 to 100. But if the
flowers which failed to produce capsules be included,
the crossed flowers yielded on an average 450 seeds,
whilst the self-fertilised flowers yielded only 094 seeds,
50 that their relative fertility would have been as 100
to 21. I should here state that it has been found con-
venient to reserve for separate discussion the cases of
flowers which ure usually quite sterile with their own
pollen.

Tanie Fo—Relative Fertility nf the Flowers on the Parent-plants
used in my Eaperiments, when fertilised with Pollen from a
distinct Plant and with their own Pollen. Fertility judged of
by the average Number of Seeds per Capsule. Fertility of
Crassed Flowers taken as 100.

crossed and self-fertilised flowers

ymlued ukd:u(:huul) } 100 to 100

MinULUs LTEvS—crossed snd selfferilsed lowers yielded .

seeds as (by weight) . } non T

Ris VUGS —crossed and self-frtilised fowers 7
‘ielded seeds as . »on

VANDELLIA. NUMNULARITOLTA—crossed and ulflermm-l

lied sods 0 A oo o
A pENDUL mfm.mi and selffertlised fowern)

‘yielded seeds as (by weight) S| » w100
SALVIA co0orxEA—crossed and self-fertlised lowers yielded
s ot (sbouty i

Brasich OLERACEA— crossed and  selt-fertilived ﬂnwcrs} e

yielded seeds as .
Esonsonotzis catironstea—(Eaglish stock) crossd and
self-fortilised flowers yielded seeds as (by weight) .
Esouscnourzia cavtronxica—(Brazilian stock grown in
England) crossed and self-fertilised d owers yilded soodi{ 18

(by weight) as (about) .
DeupNTON coNsoLIDA—cromed and self-fortilisod ﬁowm}

Gel-ertilsed capules spontancously produced bt reslt
supported by other evidence) yielded seod:
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Tasuz F—continued,
and self-fertilisedfowers
10040 38
nd-- weight S T
'u“ (b’ 'h) and " self-ferilised owers|
ey compared on following year with i
tancously -lrl-nlll:d‘::—-lu e
DIANTITS CABYOPUTLLTS—crossed 3
B e i i it i %
seeds as » 5
2OLOX nmmnnn'—uoui ‘and self-ertilsed e
lvnnyhld ’ "
LoixaxTies mvnulu—crmud and ul”erl(llnd o o
yielded seeds as (about) . R
B e = i I
oo luvrm‘-auaed and self-fertlised " owers| i
seeds " L
Ovrun -mm‘—u e and " self-fertilived Bowers g
Pilrions Guaciiss—crossed and sel-fetilied owers %
yielded sceds a0 A
| SeeovLamIA serooLUN—crossed and self-frtilised fowers -
yielded scods as o T
LoveLia r(vw!uu—cm-ud and self-fertilsed lowers yielded 0
. and " self-fertilised " flowers| P
ks e (o7 wlghD), -
BiRaGo oPFICINALS—crossed and self-fertilised flowers| -
NOUANA ROSTRATA — crossed and selffortilised flowers| b
PETUNIA VioLACEA — crossed and self-fertilised Howers »
yielded sceds as (by weight) . . . »
Nicoriaxa TABACU andself-fertilisedfowers Sic
il ses 1 by weight) »
CROLANEN Pr erossed and self-fertilised flowers %
S
| ANAGALLIS coLLixA— crosed and self-fertilised flowers| e
yielded seeds as . . . . . »
CaxxA waRscEWICTI—crossed and self-fertilised fowers (on
h i w8
All together) yioldod seeds a8 . . . . . . .

olum only six erossed and eleven

ane et ot el friliaed copenin wer com
ezo ol from The i«u—musdﬁ of the
Cuy crossed flower ropals
g e ey E
and of the Trope-

r2
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A sccond table, G, gives the relative fertility of
flowers on crossed plants again cross-fertilised, and of
flowers on_self-fertilised plants again self-fertilised,

either 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 ﬂovler. and the innate lessened fertility
of plants derived from self-fertilised seeds, which as we
bave seen in the previous Table 1) is strongly marked.
The fertility was determined in the same manner as
in Table F, that s, 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.

TABLE G.—Relative Fertility of Flowers on Crossed and Self-
Jertilised Plants of the First or some succeding Generation ; the
Jormer being again fertilised with Pollen from a mm.a Ph-g

‘and the latter again with their own Pollen.

of by the average Number of Sceds per Capsule. F.mm,q,

Crossed Flowers taken as 100,

IroxceA vURPUREA—orossed and self-fertilised flowers on|
the crosed and sel-ertilised plants of the st generation
yielded

Ir0NEA PURPUREA—crosed. and self-Grtilised flowers on
the crossed and self-fertilised plants of the 3rd generation
Yiolodo0bdn 88, Luivieuo <o vaiwiiinl 4s e

lml\u\ll,uwlu—cm—i and self-fertilised flowers on

At cromel 1 sl esliod pani of he 46 grreton
o

IPONGEA PURPUREA—crossed ‘and
the crossed and solf-
yielded seeds as .

MINULUS LUTES—crossed and self-fortilised no-m on thel

crossed and self-fertilised plants of the 9rd generation
iolded seeds 3 (b weight) .

MINULUS LUTEUS—same plants treated i mg sime maner

on following year yielded seeds as (by weigl
i S gyl S SRR

ferti
ertlised plants of the Sth generation,

vt el Ehllind planta of the 42 pkaciion
yielded seeds as (by weight) . . o
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Cuar. IX.  AND SELF-FERTILISED FLOWERS.
TaBLE G—eontinued.

825

Viots Taicoion—croued and et fertilse fowers on el
and se ek W0 B 116 pent

erosed and sel
ton ymm seeds
DraxTitus caRYOPHYLLDS —fowers on self- rmmud plln\.l
o the Srd geneation cromed by ntereroued pl
other flowers again self-fertilised yielded seeds
Duasruos civornriLos—fowers o0 nwm.n»d plants
of the 3rd ge
 flomers aga lf-tortined yxtldu‘
LATIYRUS ODORATUS--crossed and el fertilised flowers on
‘the crossed and self-fertilised plants of the 1st generation

ghled ssis ot .

—crossed ‘and self-fertilised lowers on the,
S aad slfferilised plnta of the 1ot sl
Teid sood s by weght) .
Peruia viouacis-—crosed and self-fortil wers o,
the crossed and self-fertilised plants of the 1st g‘nmlmn

Jieldod seeds s by wight)
rossed and seif-fortilised flowers on
‘the crssed and sel-frtlsed plaats of the 4th generation
yielded seeds as (by weight)
/SIA VI0LACEA—flowers oo self-

f-fertilised plants of the st genera-

A TABACUN-— ised flowers
the erossed and self-ertilised plants of the Lst generation
yielded seeds as (by weight)

NIOTIANA TABACUN—flowers on ..u mmm pn.m of
the 20d generation crossed by and
other lower agaia sel-frtilised ymd.a (e oy S

NicoTiANA TABACUN — flowers on self-fertilised planis of

the 8rd generation crossed by  fresh stock, and other!
ikt (] ool

ANAGALLIS COLLINA—flowers on & red variety crossed by
Bl varity, snd ather lowers on the red ariety e
fertlised yielded seeds as

i

CaxNA wAnscEWiozI—crossed and sel-ferifised flowers
the crosed ind selertilised plmll o thres ‘granritions
taken together yieldod seeds as

100to 69

o

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, being
produced by self-fertilised parents, and the crossed
flowers by erossed parents, which in the later generations
had become somewhat closely inter-related, and had
been subjected all the time to nearly the same condi-
tions. These two tables include fifty cases relating to
thirty-two species. The flowers on many 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 mean
relative fertility of the crossed and self-fertilised
flowers, we see that in a majority of the cases (ie.
in thirty-five out of fifty) flowers fertilised by pollen
from a distinet plant yicld 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 under
slightly changed conditions of life. Their fertility
ranges from zero to fertility equalling that of the
crossed 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 8 second trial. This was apparently the
caso 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.

Tt 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 material
allow of any judgment. There is therefore no evi-

denre aL present, that the fertility of plants goes on
i i If-fertili

in
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.

Tt is remarkable that there is no close correspondence,
either in the parent-plants or in the successive genera-
tions, between the relative number of seeds produced
by the crossed and self-fertilised flowers, 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
raised from the crossed seeds exceeded considerably in
height those raised from the self-fertilised seeds.
The crossed flowers of Linaria and Viscaria yielded
far more sceds than the self-fertilised flowers; and
although the plants maised from the former were taller
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than those from the latter, they were not so in any
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 nor heavier than the self-fertilised,
although the crossed flowers were far more productive
than the self-fertilised. But the best evidence of a
want of correspondence between the number of seeds
produced by crossed and self-fertilised flowers, and
the vigour of the offspring raised from them, is afforded
by the plants of the Brazilian and European stocks
of Eschscholtzia, and likewise by certain individual
plants of Reseda odorata ; for it might have been ex-
pected that the seedlings from plants, the flowers of
which were excessively self-sterile, would have profited
in a greater degree by a cross, than the seedlings from
plants which were moderately or fully self-fertile, and
therefore apparently had no need to be crossed. But
no such result foliowed in either case: for instance,
the crossed and self-fertilised offspring from a highly
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 as
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 are
applicable, in reference to the absence of any close
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 Ipomeea, Papaver, Reseda odorata, and
Limnanthes were almost equally fertile, yet the former
exceeded considerably in height the self-fertilised
plants. On the other hand, the crossed and self-fer-
tilised 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 method 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 Ipomeea rather more sceds, 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 Origanum 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 Eschscholtzia,
perhaps with Corydalis cava and Oncidium ; but not
sowith Bignonia, Abutilon, Tabernemontana, Senecio,
and apparently Reseda odorata.

Self-sterile Plants.

The cases here to be described might have been
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 next chapter relatively to flowers
which are sterile when insects are excluded ; for such
sterility depends not 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’ I 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 deseribed plants of Verbaseum phenicoum
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 Giirtner in the
caso of Verbaseum nigrum. So it was, according to
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
Tave 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,
Mz. Scott, and afterwards Mr. Munro, found that some
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species of Oncidium and of Maxillaria cultivated in a
hothouse in Edinburgh were quite sterile with their
own pollen;; and Fritz Miller found this to be the
case with @ large number of Orchidaceous genera
growing in their native home of South Brazil® He
also discovered that the pollen-masses of some orchids
acted on their own stigmas like a poison; and it
appears that Girtner formerly observed indications of
this extraordinary fact in the case of some other
plants.

Fritz Miller also states that a species of Bignonia
and Tabernmmontana echinata are both sterile with
their own pollen in their native country of Brazil. t
Several Amaryllidaceous and Liliaceous plants are in
the same predicament. Hildebrand observed with care
Corydalis cava, and found it completely self-sterile ;3
but according to Caspary a few self-fertilised seeds
are_occasionally produced : Corydalis halleri is only
slightly self-sterile, and C. infermedia not at all so.§

iy Hypecoum, Hild
observed | that H. grandiflorum was highly self-sterile,
whilst . procumbens was fairly self-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. alpinum, was
fond by Professor H. Hoffmann to be quite self-
sterile excepting on one occasion;¥ whilst P, somni-
Jferum has been with me always completely self-fertile,

Eschscholtzia californica.— This species deserves a

fuller consideration. A plant cultivated by Fritz

* <ot Zeitung 1665, p. 114, § ‘B, eitung; June 27, 1675,
§ T 1868, p. 626, and 1670, + kb, . Botanik,
Jo e,
; ‘Repﬂr\ of the Tntorational 11 ¢ Zur Speciesfrage; 1875,
Hort. Congress, 1 P47
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Miller in South Brazilhappened o 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
his plants were completely sterile, unless they were
erossed by insects or were artificially fertilised with
pollen from a distinet plant, in which case they were
completely fertile® Iwas much surprised at this fact,
as I 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
me in England, for the capsules produced by self-
fertilised flowers, compared with those from intererossed
flowers, contained seeds in the ratio of only 11 to 100.
At my request Fritz Miller sent me from Brazil seeds
of his self-sterile plants, from which I raised seedlings.
Two of theso were covered with a net, 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 eight capsules, one
of which contained no less than thirty seeds, and on
an average about ten seeds per capsule. Eight flowers
on these two plants were artificially self-fertilised, and
produced 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 twelve other flowers on
these two plants were artificially self-fertilised ; but
they yielded only two capsules, containing three and
six seeds. It appears therefore that a lower tem-
peraturo 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
bees, 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.., grandchildren of the plants
which grew in Brazil) were again self-fertilised, and
pmduced five capsules, containing on an average 27+4
seeds, with a maximum in one of forty-two seeds, 80
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
sont by me to Fritz Miller and grown in Brazl, were
much more self-fertile than his plants which had been
eultivated 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
wero erossed 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 somo 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 net a few spontancously
self-fertilised capsules. As soon as this oceurred,
sixteen flowers were fertilised with their own pollen,
and these produced five capsules, containing on an
average 34 sceds. At the same time I selected by
chance four capsules from the uncovered plants grow-
ing closo by, the flowers of which I had seen visited
by humble-bees, and these contained on an average
915 seeds; so that the seeds in the naturally inter-
crossed capsules to those in the self-fertilised capsules
were 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

* ¢ Jenaischo Zeitschr. fiir Naturwiss.’ B. vil. 1872, p. 22, and 1878,
p. 44l
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hemisphere, with a complete reversal of the seasons,
were thus rendered slightly self-fertile, whereas they
seem always to be completely self-sterile in their
native home,

Senecio cruentus (greenhouse varictics, commonly
called Cinerarias, probably derived from several fruticose
or herbaceous species much interorossed®).—Two purple-
flowered varieties were placed under a net 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. Two of the eight corymbs thus treated
produced very few sceds, but the other six produced
on an average 41°3 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. 1 examined many
flowers on both plants, and found the stigmas sponta-
neously covered with pollen; but they produced not a
single sced. These plants were afterwards left un- -
covered in the same house where many other Cinerarias
were in flower ; and the flowers were frequently visited
Dy bees. They then produced plenty of seed, but one
of the two plants less than the other, as this species
shows some tendency to be diacious.

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 produced eleven and twenty-

o1 am much cbliged o Mr.  lioves that Scucio cruntus, tus
Moo aund o Mr. Thislton Dyer  ilaginis, and. perbay i

fur gising me_information_with folius nm
e & (e vt o which  all been oy iy
T 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 three
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 odorate.—Having observed that certain in-
dividuals were self-sterile, I covered during the
summer of 1868 seven plants under separate nets, and
will call these plants A, B, C, D, E, F, G. 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 C, and produced thirteen fine capsules.
Sixteen flowers were fertilised with pollen from other
flowers on the same plant, but yielded not a single
capsule.

Fourteen flowers on B were crossed with pollen
from A, O, or D, and all produced capsules; some of
these were not very fine, yet they contained plenty ot
seeds. Bighteen 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 ffom 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 1) 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, C, 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 F' 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-
lised 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 single capsule,
In one case in which I examined the stigmas of the
flowers fertilised with their own pollen, these were
penetrated by the pollen-tubes, although such pene-
tration produced no effect. Pollen falls generally,
and I 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 thonght
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 met; 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
z
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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 nets;
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 early 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 pls.nt is a far more important element.
The fourth plant produced only a few capsules, many
of them of small size; yet it was far more self-fertile
than any of the seven plants tried during the previous
year. The flowers on four small branches of this
Semi-self-sterile plant were smeared with pollen from
one of the other plants, and they all produced fine
capsules.

As T was much surprised at the difference in the
rosults of the trials made during the two previous
years, six fresh plants were protected by separate nets
in the year 1870. Two of these proved almost com=
pletely self-sterile, for on carefully searching them I
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 fow 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, a8
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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 wero 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 eighteen 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
10 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 mo 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 mets. Ome of these soon became
covered with spontaneously self-fertilised capsules, as
mumerous as those on the surrounding unprotected
plants; so that it was evidently quite self-fertile.

z2

© The Complete Work of Charles Darwin Online



340 SELF-STERILE PLANTS. Crar. 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 tall,
the uppermost branches became pressed against the
net and grow 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.
These 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.

In 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 Senccio with pollen from
other flowers on the samo corymb; but this made no
difference in the result. Fritz Miiller tried both kinds
of self-fertilisation in the case of Bignonia, Taberne-
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
9-5seeds ; whereas only fourteen flowers out of twenty-
one fertilised with their own pollen set capsules,
these containing on an average 90 seeds. Hildebrand

* * Pringsheim’s Jahrbuch. fiir wiss. Botanik;’ vii. p. 467,
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found a trace of a similar difference with Corydalis
cava, as did Fritz Miller with an Oncidium.*

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 same 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
self-sterility 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 course of my
experiments I have found three new cases, and as Fritz
Miller 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 ssme manner. Thus
Verbasoum phaeniceum and nigrum are self-sterile, whilst
V. thapsus and lychnitis are quite self-fertile, 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

under Dom ehap.  auratum, Impatiens pallida and

xvii. 20d edit. vol. i. pp. 113115, fulea, canuot be fertilised with
f i Wikder, the editor of & ‘thelr'own pollon n shows

Bortcultor jonrual in the U that rve it probably sterile with

States (quoted in * Gard. Cl its own pollen.

1868, p. 1256) states that i
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in the genus Passiflora, and with the Vandes 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
eava, oceasionally, 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 self-fertile. Even with the
individuals of the same species, as just remarked,
some are utterly self-sterile, others moderately so, and
some perfectly self-fertile. 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 Miiller 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
a close analogy with self-fertilisation, whilst a legi-
timate 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

for i ion between the pollen-g

and stigma, Thus with Linum grandiflorum, as I
have elsewhere shown,} 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 occurs when it is legitimately
fertilised.

On the other hand the difference in innate fertility,
as well as in growth between plants raised from crossed
and self-fertilised 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 tum to the more immediate cause of
selfsterility, 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

* CBot. Zeitung, 1865, pp. 114, e Dvﬂ‘nrvnt Forms of
15, lowers,’ &c.,
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in a single generation partially self-fertile, and still
more 5o in the sccond generation. Conversely, the
offspring of English plants, after growing for two
seasons in Brazil, became in the first generation quite
self-sterile. Again, Abufilon darwinii, which is self-
sterile in its native home of Brazil, became mode-
rately self-fertilo in a single generation in an English
hothouse. Some other plants are self-sterile during the
early part of the year, and later in the scason become
selt-fertile. Passiflora alata lost its self-sterility when
grafted on another species. With Reseda, however,
in which some individuals of the same parentage are
self-sterile and others are self-fertile, we are forced in
our ignorance to speak of the cause as due to spon-
taneous variability ; but we should remember that the
progenitors of these plants, either on the male or
female side, may have been exposed to somewhat
different conditions. The power of the environment
thus to affect so readily and in so peculiar a manner
the reproductive organs, is a fact which has many
important bearings; and I have therefore thought
the foregoing details worth giving. For instance, the
sterility of many animals and plants under changed

of life, such as evidently comes
within the same general principle of the sexual
system being easily affected by the environment. It
has already been 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 conditions, 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 differentiation 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 under the same conditions. Conversely, we
may further infer that plants which are self-sterile in
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 scems 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
sme 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 wqmmd on account of the injury caused by self-
The fact of i Is of the same
parentage differing greatly in their degree of self-
sterility is likewise opposed to such a belief; unless,
indeed, we suppose that certain individuals have
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 changed conditions in cither 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
lhruugh 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
stexility caused in the case of animals by confinement,
and in the case of plants by too much manure, heat, &c.
I do not, however, wish to maintain that self-sterility
may not sometimes be of service to a plant in preventing
self-fertilisation ; but there are so many other means
by which this result might be prevented or rendered
difficult, including as we shall see in the next chapter
the prepotency of pollen from a distinct individual
over a plant’s own pollen, that self-sterility seems an
almost superfluous acquirement for this purpose.
Finally, 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.
It 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 I 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
isno difficulty in believing that the sexual clements
of each differ slightly in the same diversified manner
as do their external characters; and it has often been
remarked that no 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 Varietios—Wo
have just scen 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 off-
spring growing taller thm their self-fertilised parents,
or than the i d plants of the

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 blotched with crimson,
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 faithfuily, but
disappeared from the intercrossed plants, owing no
doubt to their characters being repeatedly blended by
crossing. The self-fertilised plants belonging to this
variety were not only taller, but more fertile than the
intercrossed 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
s 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 self-fertilised capsules contained a
greater number of seeds, In the seventh generation
the self-fertilised plants were to the crossed in height
as 137 to 100; and twenty flowers on these self-fer-
tilised 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 o have become specially adapted to profit
inevery way by self-fertilisation, although this process
was so injurious to the parent-plants during the first
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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
Ipomeea a single plant named the Hero appeared, 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
degtee of self-frtility, to m cluldren, grandchildren,
and If-fertilised children
of Hero were in height to other self-fertilised plants
of the same stock as 100 to 85. Ten self-fertilised
eapsules produced by the grandchildren contained on
an average 5°2 sceds; and this is a higher average
than was yielded in any other generation by the
eapsules 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 unfavourable 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
spontancously 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 seli-fertilised sceds 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 distinct stock or variety.

Lastly, as certain individual plants of Reseda odorata
and ludea are incomparably more self-fertile than other
individuals, the former might be included under the
present heading of the appearance of new and highly
self-fertile varicties. 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,
that varieties sometimes arise which when self-fer-
tilised possess an increased power of producing seeds
and of growing to a greater height, than the inter-
crossed or selffertilised 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 theme
selves, such as Ophrys apifera and some other orchids,
or as Leersia oryaoides, which produces an abundance
of cleistogamic flowers, but most rarely flowers capable
of cross-fertilisation.*

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 a

* On Leersia, see * Different Forms of Flowers,’ &c., p. 385,
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rule very small compared with that from a cross with
a distinct plant. Thus we have seen in the last chapter
that seedlings of Ipomeea 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 seedlings
raised from flowers crossed with pollen from other flowers
on the same plant; and this superiority apparently was
t00 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- femlny of Pwmula veris mcuused after several
which is a
process mlngmu to self-fertilisation, but only as long
as the plants were cultivated under the same favour-
able conditions. I have also elsewhere: shown® that
with several species of Primula equal-styled varieties
oceasionally appear which possess the sexual organs
of the two forms combined in the same flower. Con-
sequently 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 distinet individual. Formerly it appeared
to me probable, that the increased fertility of these
heterostyled plants might be accounted for by the
stigma lying so close to the anthers that it was im-
pregnated at the most favourable age and time of
the day; but this explanation is not applicable to the

* «Different Forms of Flowers,’ &, p. 272.
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above given cases, in which the flowers were artificially
fertilised with their own pollen.

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 difficult
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 especially with one of a fresh stock. Should
this suspicion be hereafter verified, it would throw
light, as we shall sce 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 intererossed.

Relative Weight and Period of Germination of Seeds
from 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.

Tpomea purpurea (parentplants) . . . . . . . 45100 to 127
(ﬁmg:nem“un) o » B0

Sal¥ia coccinea n 100
Brasscaalercen » 5 o
umbellata (Gecond gene u«n) » » 108

consol s

Hibiscus africanus < now 108
olum minus wits. et et
Lathyrus ooratus (about) . . . 0 . 0 0 0 1 L 100
Sarothamnus scoparius . . . . . . . . . . 3 on 8

. Errara, who intends pub-  snother flower. T hope that his

lnlnng on the prosent bt view may eraticr o proved
2o kind ue io sond me ooty 5o tho smbicet of e
o i Ty g I be

R el s v~ o limpllﬁed.
more beneficial than & cross with
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Cyelamen persicum (sbout) . v o 50
Fagopyrum esculentum . »ow 82
Canna warscewiczi (three generations) é » W iR

It is remarkable that in ten out of these sixteen
cases the self-fertilised seeds were either superior or
equal to the crossed 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
erossed seeds. The superiority in weight of the self-
fertilised seeds in at least six out of the ten cases,
namely, with Brassica, Hibiscus, Tropeolum, Nemophila,
Borago, and Canna, may be accounted for in part by
the self-fertilised capsules containing fewer seeds; for
when a capsulo contains only a few seeds, these will 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, Jt is remarkable in the case of Brassica

lum, N phila, and of the first ion of
Ipomcea, 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

heavy and fine seeds tend to yield the finest plants.

Mz Galton has shown that this holds good with Lathyrus
odoratus ; as has Mr. A. J. Wilson with the swedish
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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 thicke
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 the relative period of germination of
crossed and selffertilised seeds, a record was kept in
only twenty-one cases; and the results are very per-
plexing. Neglecting one case in which the two lots
germinated simultancously, iu ten cases or exactly one=
Lalf many of the self-fertilised seeds germinated before
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 stock
were compared with self-fertilised seeds from one of the
later seltfertilised generations ; and here again in half
the cases the crossed seeds, and in the other half the
seli-fertilised seeds, germinated first. Yet the plants
of Mimulus raised from such self-fertilised sceds were
inferior in ll respects to the crosed plants, and in

* ‘Gardeners’ Chnmmla 1857, by long-continued scleetion,
1107, Loiselour-Deslon, havo Given. 16 the frains of 1l
¥ LosCaralon? 1842,pp. m.m) cereals a greater amount of
R Uiy s, etatons. o oe wihae watin: i U
the extraordivary conclusion that  lings can utilise for their
tho sualer graia of cercls pro-  There can bo_litle-doubly il

¢ plants os the large, Humboldt long ago

This conluaion is, however, con. _ that  the  graias of cereals
tradicted by Major Hallets great  been rendered attractive to
suocess in Improving wieat by 1 o degree which is igh!
{he selecion of the fihest graini, jurious 10 tho spec
It is possible, hmm, that man,
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the case of Eschscholtzia they were iuferior in fertility.
unately the relative weight of the two lots of

s was ascertained in only a few instances in which
germination was observed ; but with Ipomeea and
1 believe with some of the other species, the relative
lightness of the sclf-fertilised sceds apparently deter-
ined their carly germination, probably owing to the
er mass being favourable o the more rapid com-
of the chemical and morphological changes

y for germination.* On the other hand, Mr.
ton gave me seeds (no doubt all self-fertilised) of
odoratus, which were divided into two lots of
eavier and lighter sceds; and several of the former
minated first. It is evident that many more obser-
ns are necessary before anything can be decided
Tespect to the relative period of germination of
ed and self-fertilised seeds.

Mr. J. Scott remarks (‘Man-  latter subject see an abstract in
il of Opium Husbandry,’ 1877,  Burbidge's * Cultivated Plants,’
181) that the smaller sceds of 1877, p. 33, on the important
somniferum germinate  experincnts showing the sme
He also states that the  results, by Dr. Murck and Prof.
¢ seeds yicld the finer cop  Lehuana.
With respect to this
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OHAPTER X.
Meaxs O FERTILIsaTION.

Surthcy g frtiliy of plant when insools areaxeludod—The ekl

which flowers ara cross-fertiliscd—Structures favourable to ull-
it Rcutn, btmeen. 1 s and conspicuousn

o Sowrs the Yisita of fasocts sad the adventages of cvoms Tociial

tion—The means by which flowers are fertilised with pollen

from o distinct plant—Greater fertilising power of such pallen

of speics info

i plants ge
have their sexes mplnbﬂ ~Ooutasien. of disliors into bl
phrodite flowers—Trees often have their sexes sepurated.

Iy the introductory chapter T briefly specified
various means by which cross-fertilisafion is favou
or ensured, namely, the separation of the sexes,—
maturity of the male and female sexual elements
different periods, — the heterostyled or dimo
and_trimorphic condition of certain plants, —
mechanical contrivances,—the more or less complefe
inefficiency of a flower’s own pollen on the stigma,—an
the prepotency of pollen from any other individual
over that from the same plant. Some of these po
require further consideration; but for full details ]
must refer the reador to the several excellent

sterile or produce less than about half the full com
plement of seeds, when insects are excluded;
second list of plants which, when thus treated, are
fertile or produce at least half the full comple

© The Complete Work of Charles Darwin Online



Crar. X. MEANS OF FERTILISATION. 357

of sceds. Theso lists have been compiled from the
several previous tables, with some additional cases from
my own observations and those of others. The species
are arranged nearly in the order followed by Lindley
in his ‘Vegetable Kingdom’ Tho reader should
observe that the sterility or fertility of the plants in
these two lists depends on two wholly distinct 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
obvious that with plants in 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 heterostyled plants, in which the same
necessity occurs to a limited extent. Experience 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 number
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 inseets.

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.

Passiflora alata, racemosa, cwrulea, edulis, laurifolia, and some
individuals of P quadrangularis (Passifloracers), are quito
sterilo under these conditions : seo * Variation of Animals
and Plants under Domestication,’ chap. xvii. 2nd edit. vol. ii.

P 118,

Fila caninc: (Viclacom).—Pertoct fowers quite sterile unless

fertilised by bees, or artificially fertilised.
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V. tricolor.—Sets very few and poor capsules.
Reseda odorata (Resedaceze).—Some individuals quite sterile.
R. lu e —Some individuals produce very few and poor cap-

PPl L (Malyaces).— Quite sterile in Brazil: see
revious discussion on selfsterilo plants.

Nympluea (Nymphaceze)—Professor Caspary informs me that
some of the species are quite sterile if insects are excluded.

Buryale amazonica (Nymphwacew)—Mr. J. Smith, of Kew, in-
forms me that capsules from flowers left to themselves, and.
probably not visited by inseets, contained from cight to fif-
teen seeds; those from flowers artifically fertilised with
pollen from ofher 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.
Tespectively sixty and seventy-five sceds. 1 have given
theso statements because Professor Caspary advances this

Phys-ikon. Gesell. zu Konigsberg, B. vi. p.
Delphinium consolida (Ranuneulaces).—Produces many eapsules,
but these contain only about half the number of seeds com=
pncd with capsules from flowers naturally fertilised by

ia californica Brazilian plants quite
ithlo: Tl ans reiins a'fom sl

Papaver vagum (Papaveraces)—In the early part of the summer
produced very fow capsules, and these contained very fow

P. alpinum—H. Hoftmann (‘Specicsfrage; 1875, p. 47) states
that this species produced seeds capable of germination only.
on one occasion.

Corydalis cava (Fumariaces).—Sterile: see the previous diseus-
sion on self-sterile plants.

€. solida—T had a single plant in my garden (1968), and saw.
many hive-bees sucking the flowers, but not a single seed
was produced. I was much surprised at this fact, as Pro-
fessor Hildebrand's discovery that C. 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 aro
interesting, because botanists formerly thought (sce, for
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instance, Lecoq, * De Ia Fécondation et do PHybridation,
1845, r 61, and Lmdley Vegetable Kingdom, 1853, p. 436)
that all th adapted
for self-fertilisation.

€. lutea.—A. covered-np plant produced (1861) exactly half as
‘many eapsules as an exposed plant of the same size grow-
ing close alongside.  When humble-bees visit the flowers
(and 1 repeatedly saw thom thus acting) the lower potals
suddenly spring downwards and the pistil upwards; this
is due to the elasticity of the parts, which takes effect, as
s00m as the coherent edges of the hood are separated by the
entrance of an insect. Unless insects visit the flowers the
parts do not move. Nevertheless, many of the flowers on
the plants which 1 had protected produced capsules, not-
withstanding that their petals and pistils still retained their
original position; and I found to my surpriso that theso
capsules contained more seeds than those from flowers, the
petals of which had been artificially separated and allowed
to spring apart. 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 wo should
remember that if bees had been permitted to visit these
flowers, they wonld have visited them at the best time for
fertilisation. The flowers, the petals of which had been
artificially separated, sct their capsules before those which
were loft undisturbed under the not. To show with what
certainty the flowers are visited by bees, T may add that
on one occasion all the flowers on some unprotected plants
were examined, and every single one had its petals sepa-
rated; and, on a second occasion, forty-one out of forty-
fhree flowers were in this state. Hildebrand states (Pring.
Jah. £, wiss. Botanik, B. vii, p. 450) that the mechanism
of tho parts in this species is nearly the same as in €. oclro-
Teuca, which he has fully described.

Hypecoun grandifiorum (Fumariaces)—Highly self-sterile (Hil-
debrand, ibid.).

Kalmia latifolia (Ericacem).—Mr. W. J. Beal says (‘ American
Naturalist; 1867) that flowers protected from insects wither

.nd drop off, with “most of the anthers still remaining in

the poc
Pdargamum sonale (Geranince).—Almost sterile; one plant
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produced two fruits. Tt is probablo that different varieties
would differ in this respect, as some are only feebfy dicho-
gamous.

Dianthus caryophyllus (Caryophyllaces)—Produces very few
capsules, which contain any good seeds.

Phaseolus multiflorus (Leguminosw). — Plants protected from
insects produced on two occasions about one-third and oue-
cighth of the fall number of seeds: see my article in
“Gardeners’ Chronicle,” 1857, p. 225, and 1858, p. 828; also
« Annals and Mag. of Natural History,’ 8rd serics, vol. .
1858, p. 462, Dr. Ogle (* Pop. Science Review,’ 1870, p. 168)
found that s plant was quite sterile when covered up. The
flowers are not visited by insects in Nicaragua, and, accord-
ing to Mr. Belt, the species is thero quite sterile: ‘The
Naturalist in Nicaragus,’ p.70.

V-mfam (Leguminosse). —Seventeen covered-up plants yielded

40 Dbeans, whilst seventeen plants left unprotected and
growing close alongside produced 135 beans; these latter
plants were, therefore, between three and four times more
fertile than the protected plants: see ¢ Gardeners’ Chronicle*
for fuller details, 1858, p. 828.

Erythrina (sp.7) (Leguminos).—Sir W. MacArthur informed

e that in New South Wales the flowers do not set, unless
the petals are moved in the same manner as is done by

insects.

Lathyrus grandifiorus (Leguminose)—Ts in this country more or
less sterile. Tt never sets pods unless the flowers are visited
by humble-bees (and this happens only rarely), or unless
they are artificially fertilised : sce my article in * Gardeners’
Chronicle,’ 1858, p. 828.

scoparius (Legumi Extremely sterile when
the flowers are neither visited by bees, nor disturbed by
being beaten by the wind against the surrounding net.

Melilotus offcinalis (Leguminosm).—An unprotected plant visited
by bees produced at least thirty times more secds than &
protected one. On this latter plant many scores of racemes
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 corniculatus (Legnminosw).—Several covered-up plants
produced only two empty pods, and not a singlo good seed.

Trifolium repens (Leguminos).—Several plants were protected

from insects, and the sceds from ten flower-heads on theso
plants, and from ten heads on other plants growing ontside
the net (which I saw visited by bees), were connted ; and
the seeds from the latter plants were very nearly ten times
as numerons 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 seed,
whilst twenty heads on the plants outside the net (which T
saw visited by boe) yielded 2200 sceds, as caleulated by
weighing all the seed, and counting the number in a weight
of two grains.

. pratense.—One hundred flower-heads on plants protected by
a net did not produce a single seed, whilst 100 heads on
plants growing outside, which were visited by bees, yiclded
68 grains weight of seeds; and as cighty sceds weighed two
grains, the 100 heads must have yielded 2,720 seeds. I have
often watched this plant, and have never seen hive-bees
sucking the flowers, except from the outside throngh holes
bitten by humble-bees, or deep down betsween the flowers, as
if in search of some secretion from the calyx, almost in the
same manner as describod by Mr. Farrer, in the case of
Coronilla (‘Nature,’ 1674, July 2, p. 169). I must, how-
ever, except one occasion, when an adjoining field of sainfoin
(Hedysarum onobrychis) had just been cut down, and when
the bees scomed driven to desperation. On this oceasion
most of the flowers of the clover were somewhat withered,
and contained an extraordinary quantity of nectar, which
the Tees were able to suck. An experienced apiarian,
M. Miner, says that in the United States hive-bees never
suck the red clover; and Mr. . Colgate informs me that
To has observed tho same fuct in New Zealand after the
introduction of the hive-bee into that island. On the other
hand, H. Miller ‘ Bofruchtung,” p. 224) has often seen hive-
Tees visiting this plant in Germany, for the sake both of
pollen and nectar, which latter they obtained by breaking
apart the petals. It is at least certain that humble-bees aro
the chief fertilisers of the common red clover,

2, incarnatum.—The flower-heads containing 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
849 grains weight of seeds, whereas 60 on the covered-up
plants yielded only 63 grais, and many of the seeds in the
Iatter lot were poor and aborted. Therefore tho flowers
which were visited by bees produced between five and six
times as many seods as those which were protected. The
covered-up plants not having been much exhansted by seed-
bearing, bore a second considerablo crop of flower-stems,
whilst the exposed plants did not do o.
()v_/tum tuburnum (Legnminossz).—Seven flower-racemes ready to
pand were enclosed in a large bag made of net, and they
QA0SR o onsh Tujore by s trontments Oy
threo of them produced any pods, each o single one; and
these three pods contained one, four, and five sceds. So
that only a single pod from the seven racemes included &
fair comploment,of s

on '.he same phmt artificially fsrhhsed \mder tho net yielded

Vinars 'ma/ar (Apocynaces).—Is generally quite sterile, but some-
times sefs seeds when artificially cross-fertilised : seo my
‘notice, ¢ Gardeners’ Chronicle,” 1861, p.

V. roses.—Behaves in the same manner as the last species:
“Gardeners’ Chronicle, 1861, pp. 699, 736, 81

Tubernamontana echinata (Apocynaces).—Quite sterile.

Petunia violacea (Solanacew)—Quite sterile, as far as T have
observed.

Solanum tuberosum (Solanaces).—Tinzmann says (*Gardeners’
Chronicle,” 1846, p. 183) that some varieties are quite sterile
unless fertilised by pollen from another vari

Primula seotica (Primulacese)—A non-dimorphic species, which
is fertile with its own pollen, but is extremely sterile if
insects are excluded. J. Scott, in ‘Journal Linn. Soe. Bot."
vol. viii. 1864, p. 119.

Cortusa matthioli (Primulaces)—Protected plants completely
sterile; artificially self-fertilised flowers perfectly fertile.
J. Scott, ibid. p. 8.

Cyclamen persicum (Primulacess).—During one season several
covered-up plants did not produce a single s

Borago oficinalis (Boraginacess)—Protected plxnm produced
about half as many seeds as the unprotected.

Salvia tenori (Labiatze).—Quite sterile; but two or threo flowers

© The Complete Work of Charles Darwin Online




Cuap. X. PLANTS STERILE WITHOUT INSECT-AID, 363

on the summits of threo of the spikes, which touched the
net when the wind blew, produced a few sceds. ‘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. I removed the net, whilst
one little branch still bore a few not completely faded
flowers, and these wero visited by bees and yielded seeds.

8. coccinea.—Some covered-up plants produced a good many
fruits, but not, I think, half as many as did the uncovered
plants; twenty-cight of the fruits spontancously produced
by the protected plant contained on an average only 145
sceds, whilst some artificially self-fertilised fruits on the
same plant contained more than twice as many, viz., 83
sceds.

Bignonia (nnnamed species) (Bignoniacer).— Quite sterile: sco
account of self-sterile plants.

Digitalis purpuren (Serophulariacesn).—Extremely sterile, only
fow poor capsules being produced.

Linaria valgaris (Serophulariacesm)—Extremely sterile,

Antirrhinummajus, ved var. (Scrophulariaces).—Fifty pods
gathered from a large plant under a net contained 9°8 grains
weight of seeds; but many (unfortunately not counted) of
the fity pods contained 1o seeds. Fifty pods on a plant
fully exposed to the visits of humble-bees contained 28'1
grains weight of sced, that is, more than twice the weight;
but in this case again, several of the fifty pods contained no

a

sceds.
4. majus (white var., with a pink mouth to the corolls).—
Tifty pods, of which only a very fw were empty, on a
covered-up plant contained 20 grains weight of seed; so
that this variety seems to be much more self-fertile than
the previous one. With Dr. W. Ugle (‘Pop. Seience
Review,' Jan. 1870, p. 52) a plant of this species was muc
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
s many seeds as the unmutilated flowers.
majus (peloric var.)—This variety is quite fertile when arti-
ficially fertilised with its own pollen, but is utterly sterile
when left to itself and uncovered, as humble-bees cannot
crawl into the narrow tubular flowers.

B
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Verbas i

V. nigrum.—Quite sterille . . . .

Campanda carpathica (Lobeliacem).—Quito sterile.

Lobelia ramosa (Lobeliacese)—Quito sterile.

L. fulgens—This plant is never visited in my garden by bees,
and is quite sterile; but in a nursery-garden at a few miles’
distance 1 saw humble-bees visiting the flowers, and they

uced some capsules.

Tsotoma (a white-flowered var.) (Lobeliacem).—Fivo plants loft
unprotected in my greenhouse produced twenty-four fine
capsules, containing altogether 122 grains weight of sed,
and thirteen other very poor capsules, which were rejected.
Five plants protected from insects, but otherwise exposed
to the same conditions as tho above plants, produced sixteen
fine capsules, and twenty other very poor and rejected ones.
The sixteen fine capsules contained seeds by weight in such
proportion hat twenty-four would have yiclded 4-66
grains. So that the wnprotected plants produced nearly
thrice as many seeds by weight as the protected plants.

Leschenavtia. formosa (Goodeniacem).—Quito sterile. My experi-
ments on this plant, showing the necessity of insect aid,
are given in the * Gardeners’ Chronicle,’ 1871, p. 1166.

Senecio cruentus (Compositae).—Quite sterile: soo my account of
self-sterile plants.

‘megicanum Quite sterile; but
this species and the following members of the group pro-
duce plenty of seed when artificially self-fertilised.

Phexia glandulosa (Melastomace).—Set. spontancously only two
or three capsules.

Centradenia floribunda (Melastomaces).—During some years pro-
duced spontaneously two or three capsules, sometimes

my ac-
ot of self-

. fterileplants,

none,
Pleroma (unnamed species from Kew) (Melastomacess).—During
some years produced spontaneously two or three capsules,
sometimes none.
iferum During some years pro-

duced spontancously two or three capsules, sometimes

none.
Hedychium (unnamed species) (Marantaces).—Almost self-sterilo
without aid.

Orchidee.—An immense proportion of the species sterile, if
insects are excluded.
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List of Plants, which when protected from Tnsects are
cither quite Fortile, or yield more than half the Number
of Seads produced by unprotected Plants.

Passifiora gracilis (Passifloraces).—Produces many fruits, but
these contain fewer seeds i i flowers.

Brassica. oleracen (Crucifers). — Produces many capsules, but
these generally not so rich in seed as those on uncovered
lants,

plants,

Raplanus sativus (Crucifers)—Half of a large branching plant
was covered by o 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 35
seeds, whilst twenty of the protected capsules contained only
1°85 sceds, that is, only a little more than half the number.
This plant might perhaps have been more properly included
in the former list.

Tberis unbellata (Crucifers).—Highly fertile.

1 amara.—Highly fertile,

Reseda odorata and lutea (Resedacer).—Certain individuals com-
plemly self-fextile.

Ei

fessor Caspary

i plant s ighly self fetme when insects are excluded. He

remarks in the paper before referred to, that his plants (as

well s those of the Victoria regia) produce only one flower
at o time; and that as this species is an annual, and was
introduced in 1809, it must have been self-fertilised for tho

Inst fifty-six generations; but Dr. Hooker assures me that to

his knowledgo it has been repeatedly introduced, and that at

Kew the same plant both of the Earyale and of the Victoria

produce several flowers at the same fime,

Nymphaa (Nymphaacete).—Some species, as T am informed by
Professor Caspary, are quite self-fortile when insects are
excluded.

Adonis astivalis (Ranunculacem)—Produces, according to Pro-

fsor I, Hofluaan (Speciatige; p. 11, platy of sols
when protected from insect
Rani acris (] Prods plenty of seeds

Papaver somniferum (Papaveraces).—Thirty capsules from un-
covered plants yielded 156 grains weight of sced, 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. Hoffmann
(* Speciesfrage,’ 1875, p. 53) also found this species self-fertile
when protected from inscets.

P. vagum—Produced late in the summer plenty of seeds, which
germinated well.

P, argemonoides . . . .)Acouing to Hildebrand (*Jahr

P } o 0 it

Argemone oehrleuca (Papaveracem)

Adlumia cirrhosa (Fumarinces).—Sets an abundance of capsiles.

Hypecouns procumbens (Fumariacers).  Hildebrand says (idem),

with respect to protested flowers, that “ cine gute Frucht-

bildung eintrete.”

) ke by 5o means terile.

Covered-np and

plants .pwandy pmd\mud an equal number of capsules,
and the seeds of the former seemed to the eye equally good.
1 have often watched this plant, and so has Hildebrand, and
we have never scen an insect visit the flowers. H, Miller
has likewiso been struck with the rarity of the visits of insects
to it, though he has sometimes seen hive-becs at work.
The flowers may perhaps be visited by small moths, as is
‘probably the case with the following species.
capreolata.—Soveral large beds of this plant growing wild
were watched by me during many days, but the fowers
were never visited by any insects, though a humble-bee
was once scen closely to inspect them. Nevertheless, us
the 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 th least;
but they had been opened by some means in a certain
portion of the flowers, in the same manner as follows when
a thick bristle is pushed into the nectary; so that in this
respect they resomble 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. 1t is there-
fore clear that somo of the flowers had been visited by
insects, while the majority had not ; yet almost all produced
capsules.
Lusum usitatissimum (Linaces).—Appears

I, Hofmann,  Bot. Zltung, 1670, p.
Lipatiens barbigera (Balsaminaces).—The flowers, though ex-

o be quite fertile.
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cellently adapted for cross-fertilisation by the bees which
freely visit them, set abundantly under a net.

1 nolime-tangere (Balsaminacese).— This species produces cleis-

icand perfect flowers, A plant was covered with a net,
and some perfoct flowers, marked with threads, produced
eleven spontaneously self-fertilised capsules, which contained
on an averago 3-45 seeds. I neglected 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 of
theaboveaverage. Mr. A. W. Bennett has carefully described
the suuctnn:a! the flowers of 7. fulva in * Journal Linn. Soc.
vol. xiii. Bot. . 147. This latter species is said to
be sterile with m; own pollen (* Gard. Chronicle; 1868, p.
1286, and. if so, it presents a remarkable contrast with 7.

irbigerum and noli-me-tangere.

L.mmm, douglasii (Geraniaces).—Highly fertile.

Viscaria oculata (Caryophyllaces).— Produces plenty of capsules
with good seeds.

Stellaria media (Caryophyllacem)—Covered-up and uncovered
pl.m pmdum.d an equal mumber of capsules, and the seeds

appeared equally numerous and good.

Beta vilgaris (Chenopodmcem) —nghl) self-ertile.

Vicia sativa (Leguminos tected and unprotected plants
produced an equal number of pods and equally fine sceds.
I there was any difference between the two lots, the covered-

p plants were the most productive.

V. hirsuta, — This species bears the smallest flowers of any
British leguminous plant. The result of covering up plants
was exactly the same as in tho last species.

Pisum sativum (Leguminose).—Fully fertile.

Zathyrus odoratus (Leguminos).—Fully fertile,

L. nissolia.—Fully fertile.

Lupinus luteus (Leguminosse)—Fairly productive.

L. pilosus.—Produced plenty of pods.

Ononis minutissima (Leguminose).—Twelve perfect flowers on a
plant under a net were marked by threads, and produced
eight pods, containing on an average 233 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.

Phaseolus vulgaris (Leguminosm).—Quito fertile,

Trifolium arvense (Leguminosse).—The excessively small flowers
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are incessantly visited by hive and humble-bees. When
inseets were excluded the flower-heads seemed to produce as
‘many and as fine sceds as the exposed heads.

. procumbens—On one occasion covered-up plants seemed to
yield as many seeds as the uncovered. On a second occasion
sixty uncovered flower-heads yielded 9°1 grains weight of
sceds, whilst sixty heads on protected plants yielded no iess
than 17°7 grains; so that these latter plants were much
more productive; but this result 1 suppose was accidental.
T have often watched this plant, and have never seen the
flowers visited by insects; but I suspect that the flowers of
this species, and more especially of 7vifolium minus, are
frequented by small nocturnal moths which, as 1 hear from
Mr. Bond, haunt the smaller clovers.

Medicago lupulina (Leguminose)—On account of the danger of
losing the seeds, T was forced to gather the pods before they
S i 1 Drscieon ‘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, &e., bei Medicago, 1873) has
described the means of fertilisation in this genus, as has the
Rev. G. Henslow in the * Journal of Linn. Soc. Bot.’ vol. ix.
1866, pp. 827 and 855.

Nicotiana tabacum (Solsnacem)—Fully self-fertile.

Ipoman purpurea (Convolvulacese).—Highly selt-fertile,

Leptosiphon androsaceus (Polemoniaces).—Plants under a net

2 good many capsules.

Primula mollis (Primulacesz).—A homomorphic species, self-fer-
tile: J. Seott, in Journal Lin. Soc. Bot.’ vol. viii. 1864, p. 120,

Nolana prostrata (Nolanacew).—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.

4juga reptans (Labiatw).—Sot a good many seeds; but none of

ems under o not produced so many as several un-
covered stems growing closely by.

Buplrasia offcinalis (Scrophulariacez).—Covered-up plants pro-
duced plenty of sced ; whether less than the exposed plants T
cannot say. I saw two small Dipterous insects (Dolicliopos
nigripennis and Empis chioptera) Tepeatedly sucking the
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flowers ; as they erawled into them, they rubbed against the
bristles which project from the anthers, and became dusted
with pollen.

Ve i C produced
B s o e T 2 aot Ve whokts any insects
visit the flowers; but T have observed Syrphid repeatedly
covered with pollen visiting the flowers of V. hederaolia and
chamadrys.

b (Scmphnlmmn) —Highly self-fertile.

Culeeolas -Highly self-

el

anwum thapsus (Scrophulariacese).—Highly self-fertile.

V. e —Highly self-fortle.

Vandel Perfect flowers
‘produce a good many capsules.

i (Scrophulariaccss). —Covered-up plants produced
2 good manyseeds; but several of these wero shrivelled, nor
were they so mumerous as those produced by unprotected
plants, which were incessantly visited by hive and humble-
bees.

Specularia._speculum (Lobeliaces). — Covered plants produced
almost as many capsules as the uncovered,

Lactuca sativa (Compositse).—Covered plants produced some
seeds, but the summer was wet and unfavourable.

Galium aparin: (Rubiaces).—Covered plants produced quite as
many seeds as the uncovered.

Apium petroselinum (Umbelliferze)—Covered plants apparently

productive as the uncove
Zeon mays (Gummem) N sm,gle Plant o fhe' greenbouse

a y grai

Canna warscewiczi (umntwem) —Highly selffertile,
Orchidaceee. — Tn Europe Ophrys apifera is as regularly self-
fertilised as is any cleistogamic flower. In the United States,
South Africa, and Australia there are a few species which
are perfectly self-fertile. These several cascs are given in
the 2nd edit. of my work on the Fertilisation of Orchids.

Allium cepa (blood red var.) (Liliaces).—Fonr 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.

2
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Each of these lists contains by a mere accident the
same number of genera, viz., fortynine.* The genera
in the first list include sixty-five species, and those in
the second sixty species; the Orchidem in both being
excluded. If the genera in this latter order, as well as
in the Asclepiade and Apocynacete, 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 variable
character, that each species ought to have been tried
many times. The above number of species, namely,
123, is as nothing to the host of living plants; but
the mere fact of more than half of them being sterilo
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
fetility, there is at least a good chance of cross-fertili-
sation. 1 do not, however, beliove that if all known
plants were tried in the same manner, half would be
found to be sterile within the specified Limits; for

* Tho plants i these o lists  anlers from tho flores of one
ntomophilous, or adapted for  variety of wheat, erthe-
Tertilisation, by inscots, with the less produced a considerable nue
exception of Zeaand Beta, which ber of grafus. being fertlised by,
are anemophilons or fertilised by  the surrounding plants. I state

y re here this fact, because M. -
repeat_that, accordi son eoncludes from b lent

n (‘Landwirth. Jurbnch, B. vi. s (* Gardeners’ Chroni-
1877, pp. 19?-233. 1078), Larch 21, p. 375) that

o' i siacil, If"tho accsss OF rariably sel ferlised
pollen from other plaats i pre-  and o doui
reas wheat and barley M Wilaon belioves: that au -

fen she
lepqn states (p. 199) that 15 nbwlm.ely el i 1
the different varieties of wheat be- conelusion which it would
have differently with respect o very rigid proof to make me to
self and ecrossfertilisation. He admit.

removed at an early age all the

3
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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 moderately fertile when inscets were
axclmled only about twenty-one out of the forty-nine

Lor present any Tabl pecul\arny.

i of e mos
B e Ly il pollen i caried) fom tl.m
anthers to the stigma of the same flower, or from flower
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

* T yill here give all the cxses  (Gould, *Introduction to the Tro-
Mhdm, lﬁhl ps 15, l?ﬂ *Gard,
Chonicl o1

Sotoriist in hmmzul. p.1

Soc. Bot. vol
151) 1 ma
that I of in Chile a Mimus
ith it head ’ello' ith polien

m, as I belicve, o Cassia.

pe. ‘Hope, 8t

short-beal ol B et

fin its largo corola i ordr to Thero cun hirdly o doubtthak

biaintho nectar in an legitinate  many A flowers are fir-
medhyenamnyhmy.mm«

birds o that country. M. Wal-

Tce ddress to th
o Bectos: Bt Ao,
that he has “ol'um obmerved the
Teuks and faces of the hrush-
tongued lories of the Mola cas
covered with pollen.” Tn New

from flower to ﬂower Tn n! Fuchwin (¢
merica they to New Zealnd Instiote; ol il
hmnnhcl.lu\\:nn(lmp.nncm: 1870, p. 72)
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in a quite subordinate degree, is the wind; and with
some aquatic plants, according to Delpino,* currents of
water. The simple fact of the 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 s 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 thoso of self-fertilised
parentage. But we should always keep in mind that
two somewhat opposed ends have to be gained; the
first and more important one being the production
of seeds by any means, and the second, cross-ferti-
lisation.

The ges derived from ilisation throw
aflood of light on most of the chief d:mcters of flowers.
We can thus understand their large size and bright
colours, and in some cases the bright tints of the
adjoining parts, such as the peduncles, bractew, even
true leaves, as with Poinsettia, &e. By this means
they aro rendered conspicuous to inseets, 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 cons
spicuousness 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 différ in colour in accordance
with the kinds of insects which frequent them.

* See also Dr. Ascherson’s interesting essay in *Bot. Zeitung?
1871, p. 444, |
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Not only do the bright colours of flowers serve 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 ome, 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 confined to the lips of an irregular flower. In the
white varieties of many flowers, such as of Digitalis
purpurea, Antirrhinum majus, several species of Dian-
thus, Phlox, Myosotis, Rhododendron, Pelargonium,
Primula, and Petunia, the marks 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,
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 the nectary and
bite holes through it 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. Lubbock
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

* ¢ British Wild Flowers in relatior: to Insects,’ 1575, p. 44,
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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 50 as to become pelorie or regular, they lose their
nectaries and at the same time the dark marks.
When the neetary is only partially aborted, only one
of the upper petals loses its mark. Therefore the nee-
tary and these marks clearly stand in some sort of close
reltion 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 us
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
visit and suck a greater number of flowers within a
given time than would 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
putamount importance.

The odours emitted by flowers attract inscets, as T
have observed in the case of plants covered by a muslin
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.* Tt would appear that they
must be guided by the simultancous action of sight
and smell, for M. Plateaut found that excellently
made, but not scented, artificial flowers never deceived
them. It will be shown in the next chapter that the
flowers of certain plants remain fully expanded for

* ‘Enstehung, &c, der Natur  Assoc. for the Advancement of
hist. Art. 1863, p. 25 Soience, 1876
¥ Proceedings of the French
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days or weeks and donot attract any insects; and it is
probablo that they are neglected from not having as
yet secreted any nectar or become odoriferous. Nature
may be said occasionally to try on a large scale the
sume experiment as that by M. Plateau. Not a few
flowers are both conspicuous and odoriferous. Of all
colowrs, 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 82 per cent. are odoriferous.® 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. Most flowers which are fer-
tilised by crepuscular or nocturnal insects emit their
odour chiefly or exclusively in the evening, and they
are thus less likely to be visited and have their nectar
stolen by ill-adapted diumal insects. Some flowers,
however, which are highly odoriferous depend solely
on this quality for their fertilisation, such as the night-
flowering stock (Hesperis) and some species of Daphne ;
and these present the rare case of flowers which are
fertilised by inseets being obseurely coloured.

The storage of a supply of nectarin a protected place
is manifestly connected with the visits of insects. So
is the position which the stamens and pistils occupy,
either permanently or at the proper period through
their own movements ; for when mature they invariably
stand in the pathway leading to the nectary. The
shape of the nectary and of the adjoining parts are
likewise related to the particular kinds of insects which

The colours and odours of I have not seen their original
fhe Bowers of 4200 spocies have  work, but o very | full abstract

Lan
aud by Sciiibler and e
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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 certain
kinds of insects, by secreting nectar particularly attrac-
tive to them, and unattractive to other kinds; of which:
fact Epipactis latifolia offers the most striking instance
known to me, as it is visited exclusively by 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.t I need say nothing
here of the endless contrivances, such as the viscid
glands attached to the pollen-masses of the Orchidez
and Asclepiadee, 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, &e.,
hese contrivances evidently favour 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 (Antirthinum), various
Papilionaceous and Fumariaceous flowers, are in
appearance closed. It cannot be maintained that their
openness is necessary for fertility, as cleistogamic flowers
which are permanently closed yield a full complement
of seeds. Pollen contains much nitrogen and phos-

* <Nature, 1874, p. 110; 1875, &e.—protect the flowers from the
P- 190; 1876, pp. 210, 289. access of crawling or wingless

+ Beli, “The Naturalist in Ni-  insccts, which would steal  the
caragua,” 1874, p. 132 Kerner nectar, and yet,as they do not
Lias shown in his admirable essay,  ermmonly carry pollen from one
‘Die Bolntamittel der Bilther,  plant o snother, but only frum
gogen unberfene Giste, wer er
el ks viocks * plank wouit oone o
glands, the position of the parts, the species.
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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 ovil 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,—by the presence of hairs, &c., and as Kerner
has shown in his interesting essay,t by the movements
of the petals or of the whole flower during cold and wet
weather. In order to compensate the loss of pollen in
50 many ways, the anthers produce a far larger amount
than is necessary for the fertilisation of the same flower.
I 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 cleistogamic flowers, which lose none of their pollen,
in comparison with that produced by the open flowers
bome 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 A single plant of Typha
produced 144 grains by weight of pollen, and as this
plant is anemophilous with very small pollen-grains,

up in the atmosphere, during the

the ripe authers of rye first fine and dry days after wet

dehisce whilst kept under a bell  weather, than at other times :
in a atmosphere, ¢ Experimental Rescarches o

‘whilst other anthers exposed to  Hay Fever, 1878, p. 127.

the sume tempernture in theopen ¢ Die Schutzmittel des Pol-

air dehisocd freely. Healsofound lens,’ 1873.

much more polien adhering to 1 *Annals and Mag. of Nat.

the sticky slides, which were Hist. vol. viil. 1842, p. 108.

attached fo kites and sent high
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their number in the above weight must have been
prodigious. We may judge of this from the following
facts: Dr. Blackley ascertained® by an ingenious
‘method, that in the three following anemophilous plants,
a single grain-weight of the pollen of Lolium perenne
contained 6,032,000 grains; the same weight of the
pollen of Plantago lanceolata contained 10,124,000
grains ; and that of Seirpus lacustris, 27,302,050 grains,
Again Mr. A. 8. Wilson estimated by micro-measure-
mentt that a single floret of rye yielded 60,000 pollen-
grains, whilst one of spring wheat yielded only 6864
grains, The editor of the ¢ Botanical Register” counted
the ovules in the flowers of Wistaria sinensis, and care-
fully estimated the number of pollen-grains, and he
found thatforeach ovule there were 7000 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,
Kolreuter found that sixty grains were necessary to fer-
tilise 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 urbanum, however,
according to Giirtner, the pollen is only ten times too
much§ As we thus see that the open state of all
ondinary flowers, and the consoquent loss of much
pollen, the development of so prodigions an
excess of this precious substance, why, it may be asked,
are flowers always left open? As many plants exist
throughout the vegetable kingdom which bear cleisto-
gamic flowers, there can hardly be a doubt that all

Now Obeervations on Hay 1846, p. 71
Fover W70, 1h. Kuueuwr,‘meﬁ
 Gardeners’ ¢ Clironicle,’ March Fcht? 1761 .. Gartner,
1874, p. 3 g6 zur Kountniss &, p. 946,

:Qn«zul in *Gard. Chron’
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open flowers might easily have been converted into
closed ones. The graduated steps by which this pro-
cess could have been effected may be seen at the
present time in  Lathyrus nissolia, Biophytum sen-
sitivum, and several other plants. The answer to the
above question obviously is, that with permanently
closed flowers there could be no cross fertilisation.

The frequency, almost regularity, with which pollen
is transported by insects from flower to flower, often
from a considerable distance, well deserves attention.*
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 bas 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 observer,
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

An exporiment mado b runds o counted the seeds of
nukr (¢ Fortset-ung,” lTu th : the flowers which he
mee on. hml femlued with such astonish-

this liead. Hibiscus vesicarius is 11,257 sceds,
gtzongly dichogunous, s pollen to the inscets
Teing shed before the d 10,886 ; that is, a less
mature. Kolreuter marked 510 51; and_ this
oy d put pollenfror accounted

y is
other flowers on their stigmas for by the insects not having
erery vy, w0 fhut they Were  workod during scme days, whe
thoroughly fertilised; and he left  the weather was cold with cons
the same number of other flowers tinued rain.

1o the agency of insects. After-
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nearer.* But the most striking case which has been re-
corded is that by M. Godron, who shows by the nature
of the hybrids produced that Primula grandiflora must
have been crossed with pollen brought by bees from
P. offcinalis, 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,
fnsist in the strongest terms on the liability of castrated
flowers to be fertilised by pollen brought from distant
plants of the sume species.t The following case shows
this in the clearest manner: Girtner, before he had
gained much experience, castrated and fertilised 520
flowers on various species with pollen of other genera
o other species, but left them unprotected ; for, as he
says, he thought it a langhable idea that pollen should
be brought from flowers of the same species, none of
which grew nearer than between 500 and 600 yards§
Tho result was that 289 of these 520 flowers yielded no
seed, or none that germinated ; the sced 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

* Mr. W. O. Marshall caught
10 less than seven specimens of
moth (Cueullia_ umbratica) with
thepollinis of the butterfly-oreliis
(Habenaria_chlorantha) sticking
fo their cyes, and, therefore, i
the proper position for fertil
the flowers of this s

ies, on an
island in Derwentwater, at the

distance of half

mile from any

¥ Nuture? 1872, p. 393
+ ‘Revuo ds Se. Nat’ 1875,

331

£ See, for instance, the remarks
Herbert, ¢ Amaryllidace,’

1837, p. 849, Also Girtner’s

stroug expressions on this subject

202 flowers produced per-

“Bastarderzeugung,’ 1849
p. 670; aud * Kenntniss der Be-
fruchtung,’ 1844, pp. 510, 578,

s0 Lecog, * De la Fécondation,’
&, 1845, p. 27.
have been published during late
ears of the extraordinary fen=
dency of hybrid plants to revert
to thieir parent forms: but as it is
not said how the flowers were

otected from insects, it may be
suspocted that they were often
fertilised_with pollen brought
from a distance from the parent=
species.

§ ¢ Kenntniss der Befruchtung,"
Pp. 539, 550, 575, 576.
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fectly pure plants, so that these flowers must have
been fertilised by pollen brought by insects from a
distance of between 500 and 600 yards* 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 seeds
from only seventy of these, that is considerably less
than 1 per cent., produced pure or unhybridised
offspring.t

From the various facts now given, it is evident that
most flowers are adapted in an admirable manner for
cross-fertilisation. ~Nevertheless, the greater number
likewise 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.t Such structures are
best shown in those curious cases discovered by H.
Miller, in which a species exists under two forms,—
one bearing conspicuous flowers fitted for eross-fertilisa-
tion, and the other smaller flowers fitted for self-fer-

* Henschel's experiments two genera, and put on their
uoted by Giirtner, ¢ Kenntniss’  stigmas either no pollen, or pollen
e, p. 574), which are worthless  from distinct genera, yct they all

in 0l otfer respects, likewiso mded.mdamhm..ﬂmgnmed

show how largely flovrs e io-. rom them waro of cours

tercrossed by in: He + *Kenntniss? &o. pp. 555, 576,
ted many remas S $ H. Miiller, ‘Die Befruchtung,

seven pecies, belouging to twenty-  &o. p. 448,
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tilision, with many parts in_the latter slightly
modified for this special purpose.”
As two objects in most respects opposed, namely,
and self- ion, 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 cleistogamic flowers, which are adapted exclu-
sively for self-fertilisation, and ordinary flowers on the
same plant, which are adapted so as to allow of at least
occasional cross-fertilisation.t The former are always
minute, completely closed, with their petals more or
less rudimentary and never brightly coloured ; 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 ean 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
inmany respects cleistogamic flowers, but differ widely
in ot being closed, in producing an_extraordinary

* Nabure? 1878, pp. 44,435, the old nest. Tho fallydeedl

 + Fritz Miller has discovered
ingd

. p. 451)
2 case curiously analogous to that
of the phnh ‘Which bear cleis-
togamio and perfect dowers. Ho
finds. m Lhe nests of Termites, in
Brazil, males and females with
imperfect. wings, which do not
Teave the nests and propagao the
species in a cleistogamic manner,
butonly if a fully-developed queen

swarming docs not euter

loped males and fomales
‘ringed, aud fodividuals from die

tinct nests can o
reross. t
swaraing Sy ave ducoy i

almost infinite nun\ben by a host.
of enemies, so that a

roal of Lina, Soc’ vol.
it Bog 1888, P77
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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 betwsen the Structure and Conspicuous-
ness of Flowers, the Visits of Insects, and the Advan-
tages of Cross-fertilisation.

It has already been shown that there is no 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 is in most cases
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-
fertilisation and to favour cross-fertilisation. The
means for favouring cross-fertilisation must have been
acquired before those which prevent self-fertilisation ;
4 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 theu ﬂowers are excel-
lently ructed for for instance,
those of many papilionaceous species.

* ¢ Die Gesclilechter Vertheilung, &e. p. 32.
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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 carry pollen from one to the other.*
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 Tropmolum minus has a long
nectary and an irregular corolla, whilst Limnanthes
douglasii has a regular flower and no proper nectary,
yet the crossed seedlings of both species aro 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 Ipomea are regular; and the erossed seedlings of
the former are in height to the self-fertilised as
100 to 76, whilst those of the Ipomeea are as 100 to
77. Fagopyrum is heterostyled and Anagallis collina
is homostyled, and the crossed seedlings of both are
in height to the self-fertilised as 100 to 69.

With all European plants, excepting the Ko
tively rare ilous kinds, the
distinet individuals intercrossing depends on the
visits of insects; and H. Miller has proved by his
valuable observations, that large conspicuous flowers:
are visited much more frequently and by many more
kinds of insects, than are small inconspicuous flowers,
He further remarks that the flowers which are rarely

* Boo the interesting disousion on ths subjet by I, Mller,
¢ Die Befruchtung, &. p. 4
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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
eapreolata) are not visited by small nocturnal Lepi-
doptera, which are so numerous and are known to be
strongly attracted by sugar.t The two lists given in
the early part of this chapter support Miller's con-
clusion that small and inconspicuous flowers are com-
pletely self-fertile ; 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 in-
sects were excluded. The singularly inconspicuous
flowers of the Fly Ophrys (0. muscifera), as I have
elsewhere shown, are rarely visited by insects; and it
i8 a strange instance of imperfection, in contradiction
to the above rule, that these flowers are not self-fertile,
80 that a large proportion 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 Ipomaa purpurea, Adonis
astivalis, Verbascum thapsus, Pisum sativum, Lathyrus
odoratus, some species of Papaver and of Nymphiea,
and others.

The rarity of the visits of insects to small flowers,

* ¢ Befruchtung &c., p. 426 collector of Noctuw, come very
Nate e s B freely to sugar, and w0 doubt
f1 tnswer (o o quesion by naturlly vistlowers 2 tho *En;

itor of an i tomologists”
journal writes —* The Depres- 1860, p. 108.
fatim, us s notorious to every
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does not depend altogether on their inconspicuousness,
but likewise on the absence of some sufficient attraction 3
for the flowers of Trifolium arvense are extremely
small, yet are incessantly visited by hive and humbleé=
bees, as are the small and dingy flowers of the
asparagus. The flowers of Linaria cymbalaria ave
small and not very conspicuous, yet at the proper time,
they ate freely visited by hive-bees. I may add that,
according to Mr. Bennett,* there is another and quite
distinet elass of plants which cannot be much frequentec:
by insects, as they flower either exclusively or often
during the winter, and these seem adapted for self-
fertilisation, as they shed their pollen before the flowers.
expand.

That many flowers have been rendered conspicuous
for the sake of guiding insects to them is highly
probable or almost certain ; but it may be asked, have
other flowers been rendered inconspicuous so that they:
may not be frequently visited, or have they merely
retained a former and primitive 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 corolla, as T have else~
where shown (‘ Different Forms of Flowers, 1877, p.
148), is also liable to be greatly reduced, through the
direct action of unfavourable climate. Size and colour
ate 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. Papilionaceous flowers are manifestly
constructed in relation to the visits of insects, and i
seems improbable, from the usual character of

* *Nature,’ 1869, p. 11.
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group, that the progenitors of the genera Vicia and
Trifolium  produced such minute and unattractive

fiowers 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-
spicuous, so that they are now but little visited by
insects. In either case they must also have acquired
or retained a high degreo 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

seadily 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
eourse 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 ci of propagati h s
for very many generations by self-fertilisation. This
is the case with the varieties of Pisum sativum and of
rus odoratus which are cultivated in England, and
Oplrys apifera and some other plants in a state
nature. Nevertheless, most or all of these plants
in structures in an efficient state which cannot be
the least use except for cross-fertilisation. We have
seen reason to suspect that self-fertilisation is in
peculiar manner beneficial to certain plants ;
if this be really the case, the benefit thus derived
far more than counterbalanced by a cross with a
stock or with a slightly different variety.

ithstanding the several iderations just
, it seems to me highly improbable that
s bearing small and inconspicuous flowers have
or should continue to be subjected to self-

202
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fertilisation for a long series of generations. T think
50, not from the evil which manifestly follows from
self-fertilisation, in many cases even in the first gene-
ration, as with Viola fricolor, Sarothamnus, 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 oceasionally intercrossed, and did not profit by the
process, all their flowers would probably have been
rendered cleistogamic, as they would thus have largely
benefited by having to produce only a small quantity
of safely-protected pollen. In coming to this cone
clusion, I have been guided by the frequency with
which plants belonging to distinet orders have been
rendered cleistogamic.  But I can hear of no instance
of a species with all its flowers rendered permanently’
cleistogamic. Leersia makes the nearest approach fo
this state; but as already stated, it has been known
to produce perfect flowers in one part of Germany,
Some other plants of the cleistogamic class, for instance
Aspicarpa, have failed to produce perfect flowers during
several years in a hothouse; but it does not follow that
they would il to do so in their native country, any
morothan witha Vandellia and Viola, which with mepros
duced only cleistogamic flowers during certain years®
Plants belonging to this class commonly bear

kinds of flowers every season, and the perfect flowers
of Viola canina vield fine capsules, but only wh

visited by bees. We have also seen that the seedli
of Ononis minutissima, raised from the perfect flo
fertilised with pollen from another plant, were

* ‘These cases are given in ch. viii. of my ¢ Different Forms of F!
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than those from self-fertilised flowers; and this was
likewise the case to a certain extent with Vandellia,
As therefore o species which at one time bore perfect
though small and inconspicuous flowers has had all its
flowers rendered cleistogamic, I must believe that
plants now bearing small and inconspicuous flowers
profit by their still remaining open, 5o as to be occa-
sionally intercrossed by 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.”

It should be remembered that in two of the cases in
which highly self-fertile varieties appeared amongst
my experimental plants, namely, with Mimulus and
Nicotiana, such varicties were greatly benefited by a
cross with a fresh stock or with a slightly different
varioty; and this likewise was the case with the
cultivated varicties of Pisun satioum and Lathyrus
odoratus, which have been long propagated by self-
fertilisation. Therefore until the contrary s distinctly
proved, T must believe that as a general rile small and

flowers are by
insects; and that after long-continued self-fertilisation,

* Some of the

L the common potalo (S
for they are said by  though they do not secrete

H, Maller (‘Befruchtung, p. is9)  (Kur, - Boloupung der Nokia-

tobe unmmmo o fosecl from  sien? 1688, p 40) yot cannot be
B ousldersd 03
BBl plles, and ot being vers " thoy  see. somelsmms. isted 1.,

comspicuous. Hence probably it n.,.gmomlmm a8 T have
hih{nl,mnlmg'?Vﬂlot(‘Pm- R et Tind:

s, . manh (as in ¢ Gardeners'

varicties of “les aubergines Chronicle, " lm, p. 183) found
e les tomates” (species of Kola hat some of tho varieios did not
num) do not intercross when they  bear secd when fertilised with

are cultivated near together; pollen from tho saume variety, but
it should bo remembered ‘that were fertilo with that from an-
ot endemic specics,  other variety.
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if they are crossed with pollen brought from a plant
growing under somewhat different conditions, or:
descended from ome thus growing, their offspring
would profit greatly. It cannot be admitted, under
our present state of knowledge, that self-fertilisation

inued during many i fons is ever
the most beneficial method of reproduction.

The Means which favour 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.
flowers; 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,
or often be effected by some means. The fact of bees
and of some Diptera visiting the flowers of the same
species as long as they can, instead of promiscuously
visiting various specics, favours the intercrossing of
distinet plants. On the other hand, insects usually
search a large number of flowers on the same plant
Defore they fly to another, and this is opposed to
fortilisation. The extraordinary number of flow
which bees are able to search within a very short sp
of time, as will be shown in a future chapter, increa
the chance of cross-fertilisation; as does the
that they are not able to perceive without entering
flower whether other bees have exhausted the ne
For instance, . Miller found® that four-fifths of

* ¢Die Befruchtung; &. p. 811
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flowers of Lamium album which a humble-bee 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 mountain
the individuals of the same species do not commonly
disappear near its upper limit quite gradually, but
xather 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
Targe part on vigorous seedlings being produced only
as high up the mountain as many individuals can
subsist together.

With respect to dicecious plants, distinct individuals
must always fertilise each other. With monaeious
‘plants, as pollen has to be carried from flower to flower,
there will always be a good chance of its being carried
from plant to plant. Delpino has also observed * the
‘eurious fact that certain individuals of the moncecious
walnut (Juglans regia) are proterandrous, and others
proterogynous, and these will reciprocally fertilise each
‘other. Soit is with the common nut (Corylus avellana),t
and, what is more surprising, with some few her-
maphrodite plants, as observed by H. Miller.t These
latter plants cannot fail to act on each other like
‘dimorphic or trimorphic heterostyled species, in which

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 distinct individuals; but this would

i fuse i

purt % ‘Die Befruchtung, &. pp.
. 337, 285, 539.
+ Nature, 1875, p. 26.
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render the plants less conspicuous to insects, unless
the flowers were of large size, as in the case of several
bulbous plants. Kemer thinks * that it is for this
object that the Australian Villarsia parnassifolia pro-
duces daily only a single flower. Mr. Cheeseman also
remarks,t that as certain Orchids in New Zealand
which require inseet-aid for their fertilisation bear only
a single flower, distinct plants cannot fail to intercross,
So it is with the American species of Drosera,} and, as
U hear from Professor Caspary, with water-lilie.

which p 1 b
the vegetable kingdom, much increases the chcmue of
distinet indivi With
species, which are far more common than pro-
terogynous, the young flowers are exclusively malo
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 upper flowers, which they carry
to the stigmas of the lower and older flowers on
the next spike which they visit. The degree to 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 flowers and.
with depending racemes, the manner in which inseets
visit the flowers ought to be reversed in order that
distinet plants should be intercrossed. But this whole
subject requires further investigation, as the great
importance of crosses between distinct individuals,
instead of merely between distinet flowers, has hitherto
been hardly recognised.

- ‘Dmsdmtzmmcl. &e.p. 28.  work, in ‘ American Journal of

+e . Now Zoaland In- Seleioey vol. iy Fob. 1877, B
siffutos vl v, 187, . 300

3 Asa Gray, in a review of this
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Tn 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 proboscis of an
insect do not move into the proper position for striking
the stigma, until ample time has clapsed for the insect
to fly to another plant. With Spiranthes autumnalis,
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
described 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 direetly on our
present subject, is that of a plant’s own pollen over that
from a distinct species.  If pollen from a distinet species
be placed on the stigma of a castrated flower, and then
after the interval of soveral hours, pollen from the same
species be placed on the stigma, the effects of the
former are wholly obliterated, excepting in some rare
cases. I two varieties aro treated in the samo manner,
the result is analogous, though of a directly opposite
mature ; 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
segularly falls on the stigma of its own flower, for the

* ¢The Various Contrivances Orchids are fertilised? Ist odit.
by which British and Foreign p. 128, Second edit. 1877, p. 110,
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plant is highly fertilo 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-eight seedlings
thus raised, every one bore yello\ush ﬁewers, so that
the pollen of the yellow variety completely overwhelmed
that of the mothel\plant Again, Iberis umbelbzta is

1f-fertile, and I saw an ab of
pollen from their own flowers on the stigmas ; neverthes
less, of thirty seedlings raised from non-castrated flowers
of a crimson variety crossed with pollen from a pink
variety, twenty-four bore pink flowers, like those of the
male or pollen-bearing parent.

In these two cases flowers were fertilised with pollen
from a distinct 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 in seeds. I planted a white Kohl-rabi, a purple
Kohl-rabi, a Portsr.outh broccoli, 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
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 varicties of cabbage with purple-green and white-
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gieen laciniated leaves; and of the 825 seedlings
mised 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 bees from flower to flower on the same
lurge branching stem much more abundantly than
from plant to plant; and in the case of plants 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 distinet 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
. The onion produces a large number of flowers, all
erowded 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
untbers. Consequently the plant is fairly self-fertile
when protected from insects. A blood-red, silver,
globe and Spanish onion were planted near together;

Pt ot o the ‘Garieners ing was tro o fte kind, and
Chronicl p. 730) says e
that he plm\lml " 15 of Gurmips + Dubamel, aa  gquoted by God-
rapa) and of rape (B. ron, ‘Do 'Espece, tom. i. p.
napuy) cl ) closctogetiicr, and nowed  makes an_analogous  statement
Lo former. The  with respect to his plant.
s e scarcely one seed-
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and seedlings were raised from each kind in four
separate beds. In 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 effcts of variability and intore
crossing ; but I have collected evidence on the natural
crossing of varieties of the tulip, hyacinth, anemone,

berry, Leptosiph 7  orangh}
rhododendron and rhubarb, all of which plants I believe.
to be self-fertile.* Much other indirect evidence could
be given with respect to the extent to which varieties
of the same species spontaneously intercross.

Gardeners who raise sced for sale are compelled by
dearly bought experience to take extraordinary pre-
cantions aguinst intercrossing. Thus Messrs. Sharp

* With rospest to_ talips and Fhinum, tho yriotios o which aro
some other flowers, see mown 'to_cross bocause
L p. 252. Fnr zhme plants are nxA n.l‘lnyl lslf-
Gard. Chron 1859, fertile. T know nothing
i H

Nemuplull, or Antir-

g
e sitfertilty of Tl (e
In Fecondation, 1862,
and Crivum, in
rbil] gonera thespescsnterroes
largely.
e Gy v pro-
cure in._this  omiey e A
mens of M. m or
and the vunn\u epuuel of c?lnm
- by
32) 1o Ca
(naely st pu ol couid ol
saved,
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“have land engaged in the growth of seed in no less
then eight parishes.” The mere fact of a vast number
of plants belonging to the same variety growing
together is a considerable protection, as the chances
are strong in favour of plants of the same variety inter-
crossing ; and it is in chief part owing to this circums
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 distinet 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 Early
Barnes Cabbage growing at a distance was placed on
both 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 ;
Dut three out of the fifteen plants raised from the two
capsules thus produced were plainly mongrelised : and
I have no doubt that the twelve other plants were
affected, for they grew much more vigorously than 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 dark-red Polyanthus, which is a variety of

> With rospectto Mossa. Shary, . 825, Lindley's Thoory of Hory
100+ Gardonce’ Chronieloy 1805, Heulture,’ p. s

© The Complete Work of Charles Darwin Online



398 MEANS OF CROSS-FERTILISATION,  Cuar. Xi

the cowslip. From the flowers thus treated thirty
scedlings were raised, and all these without exception
bore reddish flowers; o that the effect of the plant’s
own pollen, though placed on the stigmas twenty-
four hours previously, vas quite destroyed by that of
the red variety. It should, however, be observed that
these plants are heterostyled, 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 distinct 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
inseets 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 seif-fertilised offspring.*
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 lufeus until the fourth generation. Out
of six pairs of crossed and self-fertilised cabbages, every

LT 3 .
Brassica oleracea, Reseda odorata  Calceolaria, Verbascum thapsus,
and lutea, Limnantles douglasi’,  Vandellia mummularifolia, Lac-
Papaver vagum, Viscaria coulata, tuca sativa, and Zea maye.
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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 other
species of which the crossed seedlings are more
vigorous than the self-fertilised, as shown in Tables A,
~ B, and C, besides the above 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
I e v spplicshln o;them.;: Soarcelyany roanit
from my experiments has surprised me so much as this
of the prepotency of pollen from a distinct individual
over each plant’s own pollen, as proved by the greater
constitutional vigour of the crossed seedlings. The
evidence of prepotency is here deduced from the com-

parative growth of the two lots of seedlings; but we
have similar evidence in many cases from the much
greater fertility of the non-castrated flowers on the
mother-plant, when these received at the same time their
~ own pollen and that from a distinet plant, in comparison
with the flowers which received only their own pollen.
From the various facts now given on the spontaneous
intercrossing of varieties growing near together, and on
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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 distinct plant will generally prevent the action of
pollen from the same flower, éven though it may have
been applied some time before; and thus the’ inter-
crossing of plants in a state of nature will be greatly
favoured or ensured.

The case of a great tree covered with innumerable
hermaphrodite flowers seems 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 on a great tree, an incom-
parably larger number 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 many species only a few flowers on the same
peduncle produce a seed; and that these seeds are
often 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 one flower

* *Variation under Domestication,’ ch, xvii, 2nd edit. vol. i, p. 120,
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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 sedling should hereafter struggle
to maturity, then a large proportion of the seedlings
would ily 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 being
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 for the accid ion 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
in the spring, we should not falsely accuse nature of
wasteful expenditure, though comparatively little fruit
is produced in the autumn.

|
|

" Anemophilous Plants—Tho nature and relations of
plants which are fertilised by the wind have been
admirably discussed by Delpino® and H. Miller; and
. # Osservazioni filo,’

s Dhogaing past 1 e et oomo Betrochbnngy o
1870; and *Studi sopra un Lig-  pp. 412, 442. Both these authors
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T have already made some remarks on the structure of
their flowers in contrast with those of entomophilous
species. There is good reason to beliove that the first
plants which appeared on this earth were cryptogamic
and judging from what now oceurs, the male fertilising
element must either have possessed the power of spone
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 indispensablo 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 notexist,and plantswonld notthen have been
rendered Even at a later
period the more specialised orders of the H

Lepidoptera, and Diptera, which are now chiefly cons
cerned with the transport of pollen, did ot exist.
Therefore the earliest terrestrial plants known to us,
namely, the Conifers and Cycades, no doubt were an
mophilous, like the existing species of these
groups. A vestige of this carly state of things
likewise shown by some other groups of plants which
are anemophilous, as these on the whole stand lower
in the scale than entomophilous species.

remark that plants must have
boo anemoplilous befors thoy
wero entomophilous. H. Miller
further discusses in a very in-
teresting mumer tho steps by
which entomophilous flowers be-
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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 inseets;
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
w the hairy bodies of insects, as we see with some

i Ericacew, and Mel ‘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 rthubarb (Rheun 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. Miller,* some
species of Plantago are in a similar intermediate
condition.

Although it is probable that pollen was aboriginally
whe sole attraction to insects, and althougl 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 excretedt as a waste product of
chemical changes in the sap; and that when the ex-

* DieBefruchtung, &. p.342.  exeretion, as stated by Martinct
t Nectar was regarded by in*Anval. desSe. Nat. 1872, tom.
De Candolle and Dunal as an  xiv. p. 211,
2p2
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crotion happened to occur within the envelopes of a
flower, it was utilised for the important object of
ilisation, being much increased
in quantity and stored in various ways. This view
is rendered 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. This is the case with the leaves of the
lime; for although some authors have disputed the
fact, a most capable judge, Dr. Maxwell Masters,
informs me that, after haying heard the discussions on
this subject before the Horticultural Society, he feels
no doubt on this head. Prof. H. Hoffmann has lately
(1876) described the case of the leaves of a young
camellia secreting profusely, without the possibility of
the intervention of aphides. The leaves, as well as
the cut stems, of the manna ash (Fraainus ornus)
secretoin alike manner saccharine matter.* Accordi
to Treviranus, so do the upper surfaces of the leaves
of Carduus arctioides during hot weather. Many ana-
logous facts could be given.t There are, howewer,
a considerable number of plants which bear small
glands on their leaves, petioles, phyllodia, stipules,

* <Gard. Chron. 1876, p. 242.  cxeretion by many epiphytal o
+ Kurr,* her  ahids and passion-fovers. M
die Bedeutung dor Nektarien! Rodgers has seen much neotar
1838, p. 115. scoreted from the bases of the
3 A'large number of cases are  flower-pedunclesof Vanilla. Link
given by Delpino in the ‘Bul- says that the only example of &
I i i Tnown to

fetino Entomologico, Anno_ vi. hypopetalous nect wn
1874, To these may be added him is extemally at the base of
those given in my text, as well the flowers of Chironia :
as the excretion of saecharine *Reports on Botany, Ray So-
matter from the calyx of two ciety, 1846, 5 impor-
species of Iris, and from tho tant memoir bearing on this sub-
of certain Orchider : seourr,  ject has lately appeared by
*Bedeutung der Nektarien, 1833,  (* Géttingen Nachrichten,’ 1873,
Pp. 25,28, Bolt also refers (‘ Ni-  p. 825), who shows that in many’
o to o similar plants the tips of the
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bractesw, or flower peduncles, or on the outside of their
calyx, and these glands seerete minute drops of a sweet
fluid, which is eagerly sought by sugar-loving insects,
such as ants, hive-bees, and wasps. In the case of
the glands on the stipules of Vicia 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.* Ihave 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 gained, for the sake of
attracting ants and wasps as defenders of the plant
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 o little attacked by
enemies of any kind in this country as the common
bracken-fern (Pteris aquilina); and yet, as my son

o the leaves in the bud bear (hw

glands which secreto only at o

very early age, and which have

o e morplmlognml structure
g glands.

", published a brief notice of

true_nectar-seo
Ho firther shows that the pestur-

ing glands on the petioles
of Prunus avium are not deve-

omologous with those
serrations of the blades of

the _sun
theie structure and by transiton-
forms; for the lowest serrations
B i tiaionof ot o the eaves
seeelo egfur nstead of peein

Beidos d1 Lirebes; sootber
spec moth, ants, and
tho Kinds of fice sucked the
drops of fluid on the stipules.
The larger drops tasted sw

The hive-bees never even looked
at the flowers which were open
at the same time; whilst two
specia o humblo-bees neglected
the stipules and visited only

e e Char ee Darwin e e
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Francis has discovered, the large glands at the bases
of the fronds, but only whilst young, excrete much
sweetish fluid, which is eagerly sought by innumerable
ants, chiefly belonging to Myrmica; and these ants
certainly do not here serve as a protection against any.
enemy. In S. Brazil, however, ants attracted by the
secretion to this plant, defend it, according to Fritz
Miller,* against other leaf-devouring and highly de-
structive ants; so that, if this fern originated in tropical
. America, the capacity of secretion may have been
acquired for this special purpose. Delpino argues
that sugar-secreting glands ought mever to be con-
sidered as merely excretory, because if they were so,
they would be present in every species; but I 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 observa«
tions of Delpino, and more especially from those of
Mr. Belt on Acacia spharocephala, and on passions
flowers. This acacia likewise produces, as an additional
attraction to ants, small bodies containing much oil
and lasm, and analogous bodies are developed
by a Cecropia for the sume purpose, as described by
Fritz Miller.t

Tho excretion of a sweet fluid by glands seated

2 fm s hilein \utu",'-'lllle Acacia. With respect to th

1877, p. 100, by n Francis,  cropia, see * Nature,’ 1576,1).3)4.
with Juteresting extracts from & My son Francis has descriied thel
Ietter by Fritz Miller. microscopical structure and deve-

+ M Bolt has glren  most  lopment o theeo wonderful oo
interesting ac “The Natu- bodies in o paper read the

Tl in Nicaraguar 1874, p. 318) Linncan Saoietys - Bot. vo 21t
of the paramount importance of

ants as_ defenders of the above

© The Complete Work of Charles Darwin Online



Caar. X. QUANTITY OF POLLEN. 407

outside of a flower is rarely utilised as a means for
cross-fertilisation by the aid of insects; but this is the
case with several species of Euphorbia and with the
bractem of the Marcgraviaces, as the late Dr. Criiger
informed me from actual observation in the West
Indies, and as Delpino inferred 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. With one of Malpighiaces,
bees gnaw the glands on the calyx, and in doing so
get their abdomens dusted with pollen, which they
carry to other flowerst It further appears probable
from the observations of Rev. W. A. Leighton, that the
fluid so abundantly secreted by glands on the phyllodia
of the Australian Acacia 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, as before stated, that the weight of
pollen produced by a single plant of the bulrush

‘Ult. Oservaz. Dicogamia,” contained in the intercellular

1866.60, . 158 spaces. T further suggested, in
+ ‘}uhm' 1874, p. 169. the case of some other orchids
$ As desoribed by Fritz Milller  which do not secrete nectar, that

in* Nature, Nov. 1877, p. 28, insects guawed the labellum; and

§ ‘Amals and Mag. of Nat. this suggestion has since been
Bt vol xvi. 1865, p. 14. In proved true, 1L Miller and Del
my work on the ¢ Fertilisation of  pino have now shown that some
hids? and in o paper subse-  other plants v thickened pe-
uently ‘published in the * Annals m. whil
and

ut. History, it has iseets, their fertilisation being
Teen shown that although certain P e L

nectary, o

actually screted by by Delpino in his * Ult, Ossery.’

i, bm that inseots penctrate the  part i. fasc. i 1875, pp. 69-68.
alls and suck the fuid
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(Typha) was 144 grains. Bucketfuls of pollen, chiefly
of Coniferw and Graminesw, have been swept off the
decks of vessels near the North American shore;
and Mr. Riley has seen the ground near St. Louis,
in Missouri, 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 similarly dusted ; and
Mr. Blackley found numerous pollen-grains, in one
instance 1200, adhering to sticky slides, which were
sent up to & height of from 500 to 1000 feet by means
of a kite, and then uncovered by a special mechanism,
It is remarkable that in these experiments there
were on an average nineteen times as many pollen-
grains in the atmosphere at the higher than at the
lower levels* Considering these 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 tho early part of summer every object is thus
dusted with pollen; for instance, I examined 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 velyety
surfaces.

The extraordinary quantity and lightness of the

* Hassall's observa-

For M omer, ‘Die Schutamittel des
tions see ¢ Annals and Mag. of

Pollens; 1873, p. 6. This i

Nat. Hist. vol. viii. 1842, p. 108,

In the North American Journal

of Scnce/ Jan. 1642, theo it an
e pollen swept off

Tnscots of Missour; 1873, p

has also seen a lake in
50 covered with punm m-z the

water no lon red blue,
3. Blac Kloy, * Expermontal ot

on’ Hay-fover, 1878,
P 18, 1411162,
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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 Conifersw,
by the naked ovules secreting a drop of fluid, as
shown by Delpino. Although the number of ane-
mophilous species is small, as the author just quoted
remarks, the number of individuals is large in com-
parison with that of entomophilous species. 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 Coniferse and other trees, such as oaks,
beeches, birches, ashes, &c.; and in the Graminesw,
Cyperacem, 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 willows, as we may
infer from the nature of their nearest allies.*
It seems at first sight a still more surprising fact

* H. Milller, *Die Befruchtung, &. p. 149.
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that plants, after having been once rendered entomo-
philous, should ever again have become anemophilous;
but this has occasionally though rarely oceurred, for
instance, with the common Poterium sanguisorbu, 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 altogether to be visited
by insects, it would probably perish wunless it were
rendered anemophilous, or acquired a full capacity for
self-fertilisation; but in this latter caso we may
suspect that it would be apt to suffer from the long=
continued want of cross-fertilisation. A plant would
be neglected by insects if nectar failed to be secreted,
unless indeed a large supply of attractive pollen was pre-
sent; 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 secrete necs
tar still retaining coloured guiding-marks, the failure
of the secretion cannot be considered as a very ime
probable 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 singlo plant in the great orler of the Cruciferm,
namely, Pringlea, which is anemophilous, and this
plant is an inhabitant of Kerguelen Land,® where i
thero are hardly any winged insects, owing probably, |
as was suggested by mo in the case of Madeirs, |
to the risk which they run of being blown out to sea
and destroyed.

A remarkable fact with respect to anemophilous
plnts i that they o often dilinous,tha i, they aro

* The Rev. A. E. Eaton m‘Pmc.Rny:Al% vol. xxiii. 1875, p. 851
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either monwecious with their sexes separated on the
same plant, or dicecious with their sexes on distinct
plants. In the class Moneeia 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
latter 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
wind. In the above two classes taken together there
are thirty-cight anemophilous and thirty-six ento-
mopl.ulous genera; whereas in the great mass of
dite plants the
to entomophilous genera is excremely 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,
Niigelit It is indeed difficult to avoid this con-
clusion, if we admit the view, which seems highly
probable, that the conjugation of the Algw 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
Detween the cells which conjugate can be traced,
thus leading apparently to the development of the

® cBtudi sopra un Lignaggio 4 « Entatohung und Bogriffder
anemofilo delle Compostte, 1871,  naturhist. Art,” 1865, p.
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two sexual forms* We have also seen that as
plants became affixed to the ground and were more
highly developed so as to be rendered phanerogamie,
they would be compelled to be anemophilous 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 dis-
connected. If this view is correct, plants must have
been rendered hermaphrodites at a later though still
very early period, and entomophilous at a yet later
period, namely, after the development.of wingod inscots.
So that the relati between h and
fertilisation by means of insects is likewise to a certain
extent intelligible.

Why the descendants of plants which were originally
diaecious, and which therefore profited by always inter-
crossing with another individual, should have been
converted into hermaphrodites, may perhaps be ex-
plained by the risk which they ran, especially as long as
they were anemophilous, of not being always fertilised,
and consequently of not leaving offspring. This latter

o fee the tateneting dheut ¥ Tafike, wiokies reEE
tion on_this whole subject b rary
Bkt i ie tudien abor e calien by him capullllon) does nok

ersten Entwickelungsvorgingeder  lead to the development o
Eizelle,! &c. 1876, pp. 207-219.  ova, bt rganisat

Also, Dr. A. Dodel, “ Die Kraus-  rojuvenescence of the individual.
haar-Alge” ¢ e bo a close anal

£, wiss. Bot’ B. in such o result with hie
elmann, “ Usber Enmemnng follows from the union of the
Yon Tufusorien,” *Morphol. Juh:  mole and female eloment is-

buch,’ B. i. p. 578. R alainict | Hacktlanis fothe seedlings thus
of this important memoir has raised may be said to show re-
appeared in * Archives do Zoolog. generation or rejuvenesconce in
imentale,” Tom. v. 1876, i i i

ngelmann concludes tional vigour.
tat the conjagation of various
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evil, the greatest of all to any organism, would have
been much lessened by their becoming hermaphrodites,
t.hongh wlth the contingent dlsﬂdvﬂnwge of frequent
y what graduated steps an herma-

phrodite condition was acquired we do not know. But
we can see that if a lowly organised form, in which
the two sexes were represented by somewhat different
individuals, were to increase by budding either before
or after conjugation, the two incipient sexes would
be capable of appearing by buds on the same stock,
as occasionally occurs with various characters at the
present day. 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-
sisting 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 ;
and some hermaphrodite plants, descended as I am led
to believe from aboriginally diclinous plants, have had
their sexes again separated. That this has occurred,
wemay infer from the presence of rudimentary stamens
in the flowers of some individuals, and of rudimentary
pisﬁls in the flowers of other individuals, for example
in Lychnis dioica. But a conversion of this kind will

* M. . Thioclion Dyﬂ. ina
e ‘review of this work
:‘gl‘nl’t, Feh 1877, p-
B e iy o
in favour of the belief ﬂ.\a‘. -!l

isms much lower in the seale than
Ferns inella. Mr. Dyer
adds that my notion of
simple male and fomalo flowers
e ottt axa e
common envelo

e morpl

Togical difficulties.

© The Complete Work of Charles Darwin Online



414 SEXUAL RELATIONS OF PLANTS.  Cmar. X.

not have occurred unless eross-fertilisation was already
assured, generally by the agency of insects; but why
the production of male and female flowers on distinet
plants should have been advantageous to the species,
cross-fertilisation having been previously assured, is
far from obvious. 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 be saved by the flowers becoming diclinous.

A related point is worth notice. 1 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 fo
Asa Gray and Hooker, in North America and New
Zealand.* Tt is, however, doubtful how far this rule
holds good generally, and it certainly does not do so
in Australia. But I have been assured that the flovers
of the prevailing Australian trees, namely, the
Myrtacew, swarm with insects, and if they are dicho=

Ifind in the ‘London Cata- ing to thirty-five families. Of
Togue of British Plants, that there  these 108 trees, fifty-two, or
S Ry bwo indliggnons. trgos very nearly half, Kave their sexea
and bushes in Great Britain, moreor less separated.
classed under nine families; bu
o ar an the salo side, T ‘havo
pecics of wil-
Tows. Of the thirty-two trees nd
bushes, nineteen, or more than
half, e their seses soparated;
crone g Aas Gfa taforas we g1 A

tion compw\red with other British United States there are 132 tive

P Now Zealand abounds belonging to twenty-five

mlh Jitinous plants and tocs ol of which nney ﬂv.?;:

and Dr. Hooker calouluos that  longiog o seventeo )

ot 0 gty m vo their sexes more or less

])lnnkl lnbabitag the luads no raied, for the greater purt
8 s trc, ‘helong.  dceidedly separa
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gamons they would be practically diclinous.* As far
as 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;
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
diseussion that a tree bearing numerous hermaphrodite
flowers would rarely intercross with another tree,
except by means of the pollen of a distinet 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
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-
mation occasionally failing and seeds not being pro-
duced, than in the case of short-lived plants. Hence
it probably is, as Lecoq has remarked, that annual
plants are rarely dicecious.

* With respect to the Proteacese  is held by the eunuch (ie., one
of Australia, Mr. Bentham ro- of the stamens which is burren)

vol. xifi. 1871, pp. 55, 64) on the  brother anthers, and is preserved
various contrivances by which the  intact for auy pollen that may bo
iga i i insects and other

follen fom the sume fover, ¥or

¢ Schatzmittel des
med, in Synaphea ¢ the stigma 3, p. 4.
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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 tho female—so
that plants were aboriginally dicecious. At a v
early period such lowly organised dicious plants
probably gave rise by budding to monecious 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. During subsequent ages some few
entomophilous plants have been again rendered anemo-
philous, and some hermaphrodite plants have had their
sexes again separated; and we can vaguely see the
advantages of such recurrent changes under certain
conditions.

Dicious plants, however fertilised, have a great
advantage over other plants in their cross-fertilisation
being assured. But this advantage is gained in the
case of anemophilous species at the expenso of the

d of an fluity 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

o oTiers i o considersble dmls which roprosentod the NG
amount of evidence that all the incipient sexes. On this view, the
higher animals are the descend.  higher snimals may mow ows
ans of hormaphrodites: and it s their bilateral struoture, with all
2 ourlons problom whetber sucl  their organs double ot an early
hermaphroditism may not have  embryonio 5

the result of the conjugatio fugatlon of two pe
of two slightly diftront fadivl-  individuaia.
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seed, and this might possibly be a disadvantage.
Delpino remarks that dicecious plants cannot spread so
‘easily as moncecious and hermaphrodite species, for &
single individual which happened to reach some new
site could not propagate its kind; but it may be
doubted whether this is a serious evil. Monecions
anemophilous 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 additional advantage of occasionally or often
producing some self-fertilised seeds. When they are
also dichogamous, they are necessarily dicecious in
function. Lastly, hermaphrodite plants can generally
produce at 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 prevents self-fertilisati
they are in the same relative position to one another
a8 moncecious or diccious plants, with what may be
an advantage, namely, that every flower is capable
of yielding seeds.

2z
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CHAPTER XI.

Tiwe HamTs OF INSECTS IN RELATION T0 THE FERTILIATION OF
Frowess.
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Bers and various other insects must be directed
instinet to search flowers for nectar and pollen,
they act in this manner without instruction_as.
as they emerge from the pupa state. Their i
however, are not of & specialised nature, for they
many exotic flowers as readily as the endemic
and they often search for nectar in flowers which
not secrete any ; and they may be seen attempting
suck it out of nectaries of such length that it ca

be reached by them.* All kinds of bees and
other insects usually visit the flowers of the same s
as long as they can, before going to another spe
This fact was observed by Aristotle with respect to
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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-

n; not that the habit is invariably followed. Mr.

ett 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
ablo 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
know that varieties may differ widely in the colour of
their flowers and yet belong to the same species. I
we repeatedly seen humble-bees flying straight from
a plant of the ordinary red Dictamnus frazinella to a
variety; from one to another very differently
ured variety of Delphinium consolida and of
imula veris ; from a dark purple to a bright yellow
iety of Viola tricolor; and with two species of
wver, from one variety to another which differed
in colour; but in this latter case some of the
flew indifferently to either species, although pass-
by other genera, and thus acted as if the two spe-
were merely varieties. H. Miller also has seen
bees flying from flower to flower of Ranunculus
and arvensis, and of Trifolium fragiferum
repens; and even from blue hyacinths to blue

+
‘Some species of Diptera or flies keep to the flowers

"!-wn,' 1874, Jue ith, $eBienen Zeitung; July 1676
3
22
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of the same species with almost as much regularity as
do bees; and when captured they are found covered
with pollen. I have seen Rhingia rostrata ncting in
this manner with the flowers of Lychnis dioica, Ajuga
veptans, and Vicia sepium.  Volucella plumosa and Empis
cheiropteraflew straight from flower to flower of Myosatis
syloatica. Dolichopus nigripennis behaved in the same.
manner with Potentilla. tormentilla ; and other Diptera
with Stellaria holostea, Helianthemum vulgare, Bellis
perennis, Veronica hederafolia and chamedrys ; but some
lies visited indifferently the flowers of these two latter
species. Thave seen more than once a minute Thrips,
with pollen adhering to its body, fly from one flower fo.
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 ha
once entered the flowers of Aristolochia they ne
escape,—a statement which T could not believe, as
this caso the insects would not aid in the cross-fe
sation of the plant; and this statement has now
shown by Hildebrand to be erronous. ~ As the spa
of Arum maculatum are furished with filaments apy
rently adapted to prevent the exit of insects,
resemble in this respect the flowens of Aristolochias
on examining several spathes, from thirty to
minute Diptera belonging to three specios were fo
in some of them ; and many of these insects wer I
dead at the bottom, as if they had been permanent
entrapped. In order to discover whether the livi

tied in the spring of 1842 a fine muslin bag tigh
round a spathe; and on returning in an hour's ti
several little flies were crawling about on the i
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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 burst, 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 stiy
1 do not know whether Lepidoptera generally keep
to the flowers of the same species; but I once observed
many minute moths (I believe Lampronia (Tinea)
calthella) apparently eating the pollen of Mercurialis
annua, 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 fifteen 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 Yucca
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 larve feed. With respect to
Coleoptera, I have seen Meligethes covered with pollen
flying from flower to flower of the same species; and

* Desoribed by Mr. Riley in the * American Nuturalist,’ vol. vii.
Oet. 1875.
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this must often oceur, as, according to M. Brisout,
“many of the species affect only one kind of plant.”®

Tt 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. Ina
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 anthers were completely aborted,
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
distinct individuals of the same species; but no one
will suppose that insects actin this manner for the good
of the plant. The cause probably lies in insects bei
thus enabled to work quicker; they have just learnt.
how tostand in the best position on the flower, and how
far and in what direction to insert their proboscides.
They act on the same principle as does an_artificer
who has to make half-a-dozen engines, and who sat
time by making consecutively each wheel and part
all of them. Insects, or at least bees, seem much in-
fluenced by habit in all their manifold operations;

* Asquoted in ‘ American Nat.'  conclusion with res to
May 1873, p. 270. cause of inscots frequenting

incethese romarks were long as they can the flowers

3
written, I find that H. Miiller has ~ same spocies: * Bienen Zeitung?
come {0 almost exactly the same  July 1876, p. 182.
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we shall presently see that this holds good in their
felonious practice of biting holes through the corolla.
Tt s a curious question how bees recognise the flowers
of the same species. 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 he re-
moved the corollas of the Caleeolaria, bees never visited
the flowers.*  On the other hand, in some large masses of
Geranium phaum which had escaped out of a garden, I
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 visited
by humble-bees. But the bees might have learnt that
these flowers with all their petals lost were still worth
visiting, by finding nectar in those with only one or
two lost. The colour alone of the corolla serves as
an approximate guide: thus I watched for some time
humble-bees which were visiting exclusively plants of

would naturally produce sceds
under these circumstances: but I

Caar. XL IN RELATION TO CROSS-FERTILISATION.

seve , and found that  miu
the mber i other of Delphinium, and
but insects probably would not  Viola tricolor, should have pro-
the loss of the uced a fuir supply of seeds when
until they had inserted thus treated ; but it docs not ap-
into the holes thus pear that ho compared the number
and in doing s of the -eed thus produced with
fertilise the flowers. thwo yielded by unmutilied
moved the whole corolla from & fowers left 19 the a8 of
nu

and these Jikowise yielde
Flowers which aro self-fertile

inseots:* Bed ummg g der Nek-
tarien,” 1853, pp. 128155,
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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 vulgaris), 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
whichl repeatedly passed in a direct line from one
variety to another of the same species, although 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. Tn 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? Improbable 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 1 observed humble-hees flying in a perfectly
straight line from a tall larkspur (Delphinium) which:
was in full flowe 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 suffice
to induce repeated visits from insects, unless nectar 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 bees were industriously at work on the flowers.
It 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 excretion
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 secing a bee at work, and then sud-

denly all the flowers were visited by many bees. Now
how did s0 many bees discover at once that the flowers
were secreting nectar? I presume that it must have 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
presently see, when we treat of the perforation of the
corolla, that bees are fully capable of profiting by the

oA faet mentioned by IL dowersof the longstyled form, in
htung, &e., which the Tow
B 547) shows that boes posscss down in the fabulas corsl m
scute powers of vision and dis- the difference in aspect botweer

" for those engagged in  the long-styled aud. short-styled
pollen from Primula forms is extremely slight.

[ Soiity pamed by e
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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 flowers in a garden. I have repeatedly
seen them passing round a corner, but otherwise in a3
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 o 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 nectar 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-bees search 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 Fiola.
tricolor.* T have known humble-bees to visit the flowers
of Labelia fulgens in one garden and not in another at
the distance of onlya few miles. The cupful of nectar
in the labellum of Epipactis latifolia is never touched
by hive- or humble-bees, although I have seen them
fiying close by; and yet the nectar has a pleasant
taste to us, and is habitually consumed by the common.
wasp.  As far as I have scen, wasps seek for nectar in.
this country only from the flowers of this Epipactis,
Serophularia _aquatica, Hedera helia, Symphoricarpus
racemosa,t and Tritoma ; the three former plants being
endemic, and the two latter exotic. As wasps are so

* ¢Gard. Chron.’ 1844, p. 374. three plants are alone visited
fiMhe wme fiot appurcnily  wasps: * NettariBitran

holds good in Italy, for Delpino  Bullettino ‘Entomologi

says Lﬂlt the flowers of Igeu
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fond of sugar and of any sweet fluid, and as they do
not disdain_the minute drops on the glands of Prunus
laurocerasus, 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 not visit the
flowers of the Epipactis, o, as far as I have seen, those
of the Serophularia aquatica; although they do visit
the flowers of Serophularia nodosa, at least in North
America.*

The extraordinary industry of bees and the number
of flowers which they visit within a short time, so that
each flower is visited repeatedly, must greatly increase
the chance of each receiving pollen from a distinct
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 to
visit many more flowers than they otherwise would.
But they endeavour to lose as little time as they can;
thus in flowers having several nectaries, if they find
one dry they do not try the others, but as T 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 no time and fly very quickly
from plant to plant, but I 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 at

* ¢Sillimar’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 a given time, I observed that in exactly one
minute a humble-bee visited twenty-four of the closed
flowers of the Linaria eymbalaria ; 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
(Enothera was visited eight times by several humble-
bees, and I followed the last of these bees, whilst
it visited in the course 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 Nemophila 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
frazinella 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-stalks 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 beesis also some=
times shown by the manner in which the petals are
scratched by their hooked tarsi; Ihave seen large beds
of Mimulus, Stachys, and Lathyrus with the beauty
of their flowers thus sadly defaced.

Perforation of the Corolla, by Bees.—I 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
Europe, 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
insocts entering the flowers, will fail to produce seed
when their nectar is thus 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 caso was observed by me near Bourne-
mouth, where there were formerly extensive heaths.
T took o long walk, and every now and then gathered
a twig of Hrica tetraliz, and when I had got a hand-
ful examined all the flowers through a lens. This
process was repeated many times; but though many
hundreds were examined, 1 did not succeed in finding
a single flower 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 hero 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 flover-garden
some large beds of Salvia grahami, Stachys coccinea,
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
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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 overy flower
had been perforated.”*

As far as T have seen, it is always humble-bees which
first bite the holes, and they are well fitted for the work
by possessing powerful mandibles; but hive-bees after-
wards profit by the holes thus made. Dr. H. Miller,
however, writes to me that hive-bees sometimes bito
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 Tropmolum tricolor, yet I have found this plant
untouched in more than one garden, while the floers
of other plants had been extensively perforated ; but
a fow years ago Sir J. Lubbock’s gardener assured
me that ho had seen humble-bees boring through
the nectary of this Tropwolum. In the United States
the common garden Tropwolum, as I hear from Mr.
Bailey, is often pierced. Miller 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.

Ogle, Pop. Science Re-  * American Nat.” Nov 1873.p. 690,
view, July 1869, p. 207, Duiley, ~Gentry, ibid. May 1875, p. 364
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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
Ranunculace, 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 fuil to yield the full number
of seeds and would be a comparatively rare plant,
as Dr. Ogle informs me was the case.

Bees show 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
eoccinea 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 ave 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 several cases

“the perforations were on the upper side, but in dntir-

* Das Entdecke,” &e. p. 278.
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rhinum 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
Jknown to me, is that of the perforation of the flowers of
Lathyrus sylvestris, as described by my son Francis.*
The nectar in this plant is enclosed within a tube,
formed by the united stamens, which surround the
pistil so closely that a bee is forced to insert its
proboscis outside the tube; but two matural 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 cither a variety
of the same species or a closely allied one, that the
left passage was larger than the right one. And here
comes tt kable point,—the humble-bees bite holes
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: It 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
invisiting other flowers. But in either case they showa
remarkable power of making use of what they have
leamt by experience.” It seems probable that bees
owe their skill in biting holes through flowers of all

* ¢ Nature,’ 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.

In the early part of the summer of 1857 I was
led to observe during some weeks several rows of the
searlet kidney-bean (Phaseolus multifiorus), 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 I found several humble-
bees employed in cutting holes in flower after flower ;
and on the next day every single hive-bee, without
excoption, instead of alighting on the left wing-petal
and sucking the flower in the proper manner, 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.* Mr. Belt
has communicated to me (July 28th, 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 the bitten
ones. Now how did the hive-bees find ont 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.
2r
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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 high in the scale,
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 sume knowledge. Yet habit comes in
play to a certain extent,as in so many of the other
operations of bees. Dr. Ogle, Messrs. Farrer and.
Belt have observed in the case of Phaseolus multij
that certain individuals went exclusively to the p
forations, while others of the same species visi
only the mouths of the flowers. I noticed in
exactly the same fact with Trifolium pratense. Sop
sistent is the force of habit, that when a bee which
visiting perforated flowers comes to one which has n
been bitten, it does not go to the mouth, but instantl

o Dr. Ogle, Pop. Seloncn Re-  Hisk? 4th serlen, vo. 1. 18088
Tow' April 167. 258, Mr. Belt in a letter to
Amuh Ta gy o Nk
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away in search of another bitten flower. Never-
eu, I once saw a humble-bee visiting the hybrid

dendron azaloides, and it entered the mouths
some flowers and cut holes into the others. Dr.
Miiller informs me that in the same district he has
n some individuals of Bombus mastrucatus boring
gh the calyx and corolla of Rhinanthus alectero-
and others through the corolla alone. Different

cies of bees may, however, sometimes be observed
acting differently at the same time on the same plant.
have seen hive-bees sucking at the mouths of the

ers of the common bean ; humble-bees of one kind
cking through holes bitten in the calyx, and humble-

of another kind sucking the little drops of fluid
ed by the stipules. Mr. Beal of Michigan
ns me that the flowers of the Missouri currant
aurewn) abound with nectar, so that children
suck them; and he saw hive-bees sucking
ough holes made by a bird, the oriole, and at the

time humble-bees sucking in the proper manner
 the mouths of the flowers.* This statement about
onnls calls to mind what T have before said of

much time in climbing into and out of large
and in forcing their heads into closed ones.
were able to visit nearly twice as many flowers,
ras I could judge, of a Stachys and Pentstemon

\Tho flovers of the Ribesaro ~ through and rob seven fowers
mes perforated by of their honey in a minute:
...m,m,-,- {American Notunlit;” 1875, p
they were
2r2
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by alighting on the upper surface of the co
and sucking through the cut holes, as by enteri
in the proper way. Nevertheless each bee
it has had much practice, must lose some hmo
making each new perforation, especially when the p
foration has to be made through both calyx
corolla. This action therefore implies foresight,
which faculty we have abundant evidence in th
building operations; and may we not further beli
that some trace of their social instinct, that is, of
working for the good of other members of the co
munity, may here likewise play a part?

Many years ago I was struck with the fact
humble-bees as a general rule perforate flowers o
when these grow in large numbers near together.
a garden where there were some very large beds
Stachys coccinea and of Pentstemon argutus, every single
flower was perforated, but I found two plants of tl
former species growing quite separate with their p
much scratched, showing that they had been freque
visited by bees, and yet not a single flower
perforated. I found also a separate plant of
Pentstemon, and saw bees entering the mouth of
corolla, and not asingle flower had been perforated.
the following year (1842) T visited the same gan
several times : on the 19th of July humble-bees
sucking the flowers of Stachys coccinea and
grahami in the proper manner, and none of the corolls
were perforated.  On the Tth of August all the flower
were perforated, even those on some few plants o(
Salvia which grew at a little distance from the
bed. On the 2lst of August only a few flowers on.
summits of the spikes of both species remained fi¢
and not one of these was now bored. Again, in my.
garden every plant in several rows of the common
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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 crowded and their per-
foration by the bees there held good, and was answered
in the affirmative. Mr. Bailey informs me that the
Gerardia, pedioularia which is so largely perforated,
and Tmpatiens fulva, are both profuse flowerers, Hence
it follows that the red clover (Trifolium pratense) and
the common bean when cultivated in great masses in
fields,—that Hrica 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 per-
forated.

The explanation of this fact isnot difficult. Flowers
growing in large numbers afford a rich booty to the
bees, and aro conspicuous from a distance. They are
eonsequently visited by crowds of these insects, and 1
once counted between twenty and thirty bees flying
about a bed of P They are thus sti 1
1o 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 mamner, such as

* ¢Nature; Jan. §, 1874, p. 189,
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those of most species of Salvia, of Trifolium prat
Phaseolus multiflorus, &c., will more or less comple
fail to produce seeds if the bees confine their
to the perforations. The perforated flowers of th
species, which are capable of fortilising themsel
will yield only self-fertilised sceds, and the seedling
will ‘in consequence be less vigorous. Therefore

plants must suffer in some degree when bees ob
their nectar in a felonious manner by biting hole
through the corolla; and many species, it might b

thought, would be thus exterminated. But here, as
is so general throughout nature, there is a tendency
towards a restored equilibrium. If a plant suf
from being perforated, fewer individuals will
reared, and if its nectar is highly important to
bees, these in their tumn will suffer and decrease
number ; but, what is much more effective, as soon
the plant becomes somewhat rare so as not to g
in crowded masses, the bees will no longer bo stim
lated to gnaw holes in the flowers, but will ent
them in a legitimate manner. More seed will then
produced, and the scedlings being  the product
cross-fertilisation will be vigorous, so that the s
will tend to increase in number, to be again c
as soon as the plant again grows in erowded masses,
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CHAPTER XIL
Grxenar Resvurs.

Cross-fertilisation proved o be beneficial, and self-fertilisation fn-
jurious—Allied specics differ greatly in the means b roes-
fertilisation is favoured and self-fertilisation avoided—The bencfits
‘and evils of the two proccsses depend on the degree of differentiation

in
‘morbid tendencies in the parents—Nature of tho conditions to which
‘plants are subjectod when growing near together in a state of nature
or under culture, and the effects of such conditions—Theoretical
i ith respect o the s ion of sexual
elements—Practical lessons—Genesis of the two sexes—Close corre-
spondence between the effects of cross-fertilisation and self-fertilisa-
tion, and of the legitimate and illegitimate unions of heterostyled
plants, in comparison with hybrid unions.

THE first and most important of the conclusions which
may be drawn from the observations given in this
volume, is that generally cross-fertilisation is beneficial,
and self-fertilisation often injurious, at least with the
plants on which I experimented. Whether long-
continued self-fertilisation is injurious to all plants
is another and difficult question. The truth of these
conclusions 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 the two propositions,
‘namely, that self-fertilisation is often injurious, we have
abundant evidence. The structure of the flowers in
such plants as Lobelia ramosa, Digitalis purpurea, &c.,
renders the aid of insects almost indispensable for
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their fertilisation; and bearing in mind the prepos
tency of pollen from a distinet individual over that
from the same individual, such plants will almost cer-
tainly have been crossed during many or all previous
generations. So it must be, owing merely to the
prepotency of foreign pollen, with cabbages and varions
other plants, the varioties of which almost invariably
intercross when grown together. The same inference
may be drawn still more surely with respect to those
plants, such as of Reseda and Eschscholtzia, which
are sterile with their own pollen, but fertile 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. Therefore
the difference between the self-fertilised and crossed
plants raised by me cannot be attributed to the supes
tiority of the crossed, but to the inferiority of the
self-fertilised seedlings, due to the injurious effects of
self-fertilisation.

Notwithstanding the evil which many plants suffer
from self-fertilisation, they can be thus propagated
under favourable conditions for many ions, 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
exotie plants, which are never or most rarely cross=
fertilised in this country. But all these plans, as far
as they have been tried, profit greatly by a cross with
a fresh stock. Many species which bear small and
inconspicuous flowers are never, or most rarely, visited
by insects during the day; and Hermann Miller
infers that they must be always, or almost always,
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self-fertilised. But the evidence appears to me in-
sufficient, until it can be shown that such flowers are
not visited during the night by any of the innumerable
kinds of small moths. From the simple fact of these
small flowers expanding, and from some of them
secreting nectar, it scems probable that they are at
least occasionally visited and intercrossed by nocturnal
insects. It is much to be desired that some one should
eross and self-fertilise such plants and compare the
growth, weight, and fertility of the offspring. The
Rey. G. Henslow* remarks that the plants which have
spread the most widely through the agency of man into
new countries, and have there grown most vigorously,
commonly bear small and inconspienous flowers; and,
as he assumes that these are always self-fertilised,
he infers that this process cannot be at all inj\lrious
to plants. He belioves that “as long as a plant is
#gelf-fertilising, it remains in the same condition, and
“retains its average standard, but does not degenrate
“in any way. It cannot be benefited, as it cannot
“introduce anything new into its system, so long ns it
«lives in the same place; hence its results are negative.
«I, however, self-fertilising plants can migrate, and
5o obtain mew peculiarities from fresh surrounding
“medin, then they may acquire astonishing vigour,
“and even oust the native vegetation of the country
“they have invaded.” According to this view the
male and female sexual elements must become in such
cases differentiated through the action of the new

GENERAL RESULTS.

* 3. Henslow Las published
n laborto eview of the

'nrk in the * Gardeners’ mn
Imul Jan. 15¢h to May 5thy
$h77, sl 1 - Soencs and. Art
May lst, 1877, p. 77; from hioh
latier journal the quotation is
taken.” I have modified some

ges in this book, and en-
voured to make others clearer,

many of his inferences. I have
o profted by an able reriow by
Hermann_Miller in ¢ Kosmos,

April 187, p. 57,
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conditions; and this seems not improbable, judging
from the remarkable effects of changed conditions on
the reproductive system of Abutilon and Eschscholtzia,

Some few plants, owing to their structure, for in-
stance, Ophrys 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
and self-fertilisation injurious, any more than the
existence of plants which, in a state of nature are
propagated asexually, that is, exclusively by rhizomes,
stolons, &e.* (their flowers never producing seeds),
should make us doubt that seminal generation must
have some great advantage, as it is 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 pro=
pagated by grafts or buds. Andrew Knight formerly
maintained that under these circumstances they always.
become weakly, but this conclusion has been warmly
disputed by others, A recent and competent judge,
Prof. Asa Gray,t 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, notwith=
standing many opposed facts. .

With respect to the first of the two propositions.
at the head of this chapter, namely, that cross-fertilisa-
tion is generally beneficial, we have excellent evidence,
iy Vet e Dometis  Birlevepammioing o Dy
:{»T‘;;ach‘ xviil. 2ud edit. vol. ii. 1876, p. 338 1
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Plants of Tpomaea were intercrossed 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 of the tenth generation in height as 100 to 78,
and in fertility as 100 to 51. An analogous experi-
ment 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 genera-
tions, and this no doubt was injurious; but when
these plants were fertilised by a fresh stock and by
intererossed 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
& nearly parallel case. With various other plants, the
wonderful effects of a cross with a fresh stock may
be seen in Table C. 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 ;
50 that here neither self-fertilisation nor relationship
even in a remote degree can have comeinto play. We
may therefore conclude that the above two propositions
are true,—that cross-fertilisation is generally beneficial
and self-fertilisation often injurious to the offspring.
That certain plants, for instance, Viola fricolor,
Digitalis. purpurea, Saroflamnus scoparius, Cyelamen
persicum, &c., 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 an astonishing fact. The evil does not depend in

“;h Variation under Domestication, ch. xix. 2nd edit. vol. ii. p.
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any corresponding degree on the pollen of the self-
fertilised parents acting inofficiently on the stigmas of
the same flowers; for in the case of the Ipomeea,
Mimulus, Digitalis, Brassica, &e., the self-fertilised
parents yielded an abundant supply of seeds; never-
theless the plants raised from these seeds were
markedly inferior in many ways to their cross-fertic
lised brethren. Again with Reseda and Eschscholtzia
the more self-sterile individuals profited in a less
degree by cross-fertilisation than did the more self-
fertile individuals,. With animals no manifest eyil
has been observed to follow in the first few generations
from close interbreeding ; but then we must remember
that the closest possible interbreeding with animals,
that is, between brothers and sisters, cannot be con-
sidered as nearly so close a union as that between the
pollen and ovules of the same flower. Whether with
plants the evil from self-fertilisation goes on increas-
ing during successive generations is not as yet known 3
but we may infer from my experiments that the increasey
if any, is far from rapid. After plants have been pro-
pagated by self-fertilisation for several ions, a
single cross with a fresh stock restores their pristine
vigour; and we have a strictly analogous result with
our domestic animals.* The good effects of cross-fer-
tilisation are transmitted by plants to the next gene-
ration ; and judging from the varieties of the common
pes, to many succeeding generations. But this may.
merely b that crossed plants of the first generation
are extremely vigorous, and transmit their vigour, like
any other character, to their successors.

The means for favouring cross-fertilisation and pre-
venting self-fertilisation, or conversely for favouring

* “Variation under Domestioation,’ ch. xix. 2nd edit. vol. i. p, 159,
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self-fertilisation and preventing to a certain extent
eross-fertilisation, are wonderfully diversified; and it
is remarkable that these differ widely in closely allied
plants,*—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 it 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.t Several genera
include both  heterostyled (dimorphic or trimorphic
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.
Bome 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 cleistogamic flowers which cannot be crossed, as
well as perfect flowers, whilst others in the same genus
never produce cleistogamic flowers. Some species exist
under two forms, the one bearing conspicuous flowers
adapted for cross-fertilisation, the other bearing in-
conspicuous flowers adapted for self-fertilisation, whilst
other species in the same genus present only a single
form. Even 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

* Hildebrand has insisted  natsbericht K. Akad. Berlin,” Oct.
strongly to this effect in his 1872, p. 763.
Salweble oeorvations on the for- 1 Dr. Engler, *Bot. Zeitung,’
tilisation of the Graminew: ‘Mo- 1868, p.
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differs in the individuals of the same species. The relas
tive period at which the sexual elements in the same
flower are mature, differs in the varieties of Pelar-
gonium ; and Carribre gives several cases,* showing
that the period varies according to the temperature to
which the plants are ex
This extraordinary diversity in the means for
favouring or preventing cross- and self-fertilisation in
closely ailied forms, probably depends on the results
of both processes being highly beneficial o the species,
but in a directly opposed manner and dependent on
variable conditions. Self-fertilisation assures the pro-
duction of a large supply of seeds; and the necessity
or advantage of this will be determined by the averago
length of life of the plant, which largely depends on
the amount of destruction suffered by the seeds and
scedlings. This destruction follows from the most
various and variable causes, such as the presence of
animals of several kinds, and the growth of surround-
ing plants. The possibility of cross-fertilisation de-
pends 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.
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
complex_ and ditions, with
two somewhat opposed ends to be gained, namely, the
safe propagation of the species and the production of
cross-fertilised, vlgorous offspring, it is not surprising

* “Des Variétés, 1865, p. 30.
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that allied forms should exhibit an extreme diversity
in the means which favour either end. If, as there is
reason at least to suspect, self-fertilisation is in some
respects beneficial, althongh more than counterbalanced
by the advantages derived from a cross with a fresh
stock, the problem becomes still more complicated.

As I only twice experimented on more than a single
species in a genus, I cannot say whether the ¢
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 cross-
fertilisation, and the degree to which their offspring
profit by this process; but we may easily err on this
head, as there are two means for favouring 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
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 offspring.
The same remark applies to crossed and self-fertilised
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
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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. 3

i
There are two other important conclusions which
may be deduced from my observations: firstly, that the

advantages of cross-fertilisation 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 dife
ferent conditions, or to their having varied in a manner
commonly called spontaneous, so that in either case
their sexual elements have been in some degree differ-
entiated. And secondly, that the injury from selfs
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
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
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derived from the same selffertilised 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 support the same conclu-

sion. A cross with a fresh stock or with 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 sume plant can rarely
have been dJﬂ'exenm.wi, 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
plnnts which are | crossed having been subjected d\u'm"
previous hat different condi

or to their having vmed 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

ined by several ph must be

mma, namely, that all the evils from breeding

animals too closely, and no doubt, as they would say,
2a
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from the self-fertilisation of plants, is the result of the
increase of some morbid tendency or weakness 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,
s0 t.}mt if she had been unhenlthy she would have

d half her morbid d 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. Mores
over, this belief cannot be extended to the strongly.
marked advantages which invariably follow, as far as
my i serves, from i ing the indivi-
duals of the same variety or of distinct varieties, if
these have been subjected during some generations
different conditions.

Tt 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
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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 toact on its sexual elements. We see tkis 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 ;

0 that they will not unite, or if they unite do not

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

* Numerous cases together wit the different organs of animals
m-nrlw in my ¢ vm- are excited into different degrees

tempe-
n-m Bud edit. vol i, & 254. rature and food, and beeome th &

With ‘respe ok 10 e crtaly extont adapld o them.
has bown,  °°} *Variation wnder Domentcn-
Ammrmmnmm g R o o e
Edinburgh, 1860) that . 460,
2¢2
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in the first generation, a fair supply of self-fertilised
sceds,

Butit may be said, granting that changed conditions
act on the sexual clements, how can two or more
plants growing close together, either in their native
country or in 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 from.
several points of view. In my experiments with
Digialis purpurea, some flowers on a wild plant were.
self-ertilised, 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 theso two plants.
was highly beneficial ; but how could their sexual
elements have been differentiated by exposure fo
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 Tpomaa,—or the self-fertilised plants of the
eighth generation of Mimulus,—or the offspring from
flowers on the same plant,—and in this case a cross
between the two plants of Digitalis would have done
1o good. But sceds are often widely dispersed by
natural means, and one of the above two plunts o
one of their ancestors may have come from a. distance,
from a more shady or sunny, dry or moist place, or fro
a different kind of soil containing other organic
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inorganic matter. We know from the admirable
ryesearches of Messrs. 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 surrounding 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 whatit could obtain
from the soil. So it would be even with respect to
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 retain
traces of former ridges and furrows. Nevertheless, as
the proportional numbers of the ing 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
ean absorb from the soil. It is surprising how the free
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
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

* «Journal of the Royal Agricultural Soc. of England,’ vol. xxiv,
part .
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long lain dormant; for gardeners believe that the
production of double flowers and of fruit is thus in-
fluenced. Sceds, 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.

Tt 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-
dnce an unusually large number of sceds; 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.
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 not quite the same conditions, is the
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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
intercrossed over the self-fertilised seedlings. Never-
theless, the continued intercrossing of plants thus
treated does tend to obliterate such differentiation, as
may be mlcrred from the lessened beneﬁt derived from
such plants, in 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.
From the foregoing several considerations we may,
1 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 range, we are apt to over-estimate the
degree to which the individuals have been subjected
to absolm,ely 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
propagated 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 fertilise and be fertilised by any other individual
of the same species, but are altogether sterile with their
own pollen, become intelligible, if the view here pro-
pounded is correct, namely, that the individuals of the

llent treatise, ¢ i der

* See Prof Hi
Pllauzen,’ 1575
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same species growing in a state of nature near together,
have not really been subjected during several previous
generations to quite the same conditions,

Some naturalists assume that there is an innate
tendency in all beings to vary and to advance in
organisation, independently of external agencies ; and
Lhey mould I presume, thus explain the slight

di; all the individuals of the
same specles hoth in external characters and in cone
stitution, as well as the greater differences in both
respects between mearly allied varieties. No two
individuals can be found quite alike; thus if we sow a
number of seeds from the same capsule under as nearly
as possible the same conditions, they germinate at
different rates and grow more or less vigorously. They
resist cold and othe
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 sumo poison, or by the same
disease. They have different powers* of transmitting
their characters to their offspring ; and many analogous
facts could be given. Now, if it were true that
plants growing near together in a state of nature had
been subjected during many provious genewtmns to

just specified would be quite mexphcuble but ehey
are to a certain extent intelligible in accordance with
the views just advanced.

As most of the plants on which T experimented
were grown in my garden or in pots under glass, a fow
words 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

* Vilmorin, as quoted by Verlot, ‘ Des Varictés; pp. 82, 88, 39,
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or may not be subjected to a change of climate, but it
is always 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.

I have attempted to show that with plants growing
naturally in the same district, except in the unusual
easo of each individual being surrounded by exactly
the same proportional numbers of other species having
certain powers of absorption, each will be subjected to
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 intercross ; and
this will give to their sexual elements during a

id, number of i i t
of differentiation for a cross to be beneficial. More-

a suffi
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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 flowers are
not visited by our mative 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 mot benefited by being
crossed one with another, though they were greatly
benefited by a cross with a fresh stock.

I 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, prodnced 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 1 by self-fertilised
seeds on the same spot. The plants in pots were,
however, exposed to less severe fluctuations of climate
than those out of doors; but their conditions, though
closely uniform for all the individuals of the same

ion, differed hat in the 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 différence
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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, Ipomcea, Dianthus,
and Petunia which were first raised, varied excessively in
the colour of their flowers, their offspring, after being
self-fertilised and grown under uniform conditions for
some generations, bore 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 cross
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 wn in-
comparably higher degree than do young or old beings
from a mere change in their conditions. In this
latter case we never 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 bemgs will affect the wlmle constitution at

sr hm given PRPeSPE T T T, Domestication,’ ch.

on this head in my ‘ Vari-  xviii. vol. ii. 2nd edit. p. 127.
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a very early period of life, whilst the organisation is
highly flexible. We have, moreover, reason to believe
that changed conditions generally act differently on
the several parts or organs of the same individual;®
and if we may further believe that these now slightly
differentiated parts react on one another, the harmony
between 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 observér, Sprengel, who
first showed how important a part insects play in the
fertilisation of flowers, called his book ¢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 distinct 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 extraordinary fact that with many species,
even when growing under their natural conditions,
flowers fertilised with their own pollen are either
absolutely or in some degree sterile; if fertilised with
pollen from another flower on the same plant, they are
sometimes, though rarely, a little more fertile; if:
fertilised with pollen from another individual or variety
of the same species, they are fully fertile; but if
with pollen from a distinet species, they are sterile
in all possible degrees, until utter sterility is reached.

- See, for instance, Brackenridge, * Thoory of Diathesis, Ediuburghy
9. B
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We thus have a long series with absolute sterility at
the two ends ;—at one end due to the sexual elements
ot 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-grain and ovules, Both actions, judging from
the increased fertility of the parent-plants and from the
increased powers of growth in the offspring, are favoured
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
remarks: “ 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 ten: ency to
unite is feeble.”* This latter proposition accords well
with the fecble 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 both ways of pollen from an
individual which has been differentiated by exposure
to changed conditions, or by so-called spontancous
variation. But the analogy fails when we turn to the
negative or weak effects of pollen from one species on
adistinet species ; for although some substances which
are extremely dissimilar, for instance, carbon and

* “Elements of Chemistry, 4th  views with respeet o chemical
edit. 1867, part i p. 11 Dr.  affinity are gencrally aceopted by
Fraukland informs me that similar ~ chemists,
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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 mot 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 wnion of two
organisms,

Mr. Herbert Spencer has discussed this whole subject
at great length, and after stating that all the forces
throughout nature tend fowards an equilibrium,
remarks, “that the need of this union of sperm-
cell and germ-cell is the need for overthrowing this

and active mol
change in {ha dutaatat germ—a result which is
probably 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 distinct species. We cannot
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-fertilied 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

* «Principles of Biology.vol.i.  changes in the condi
. 274, 1864 In my *Origin of from crossing widely distin
Boocies, publshed ‘in 1839, T (ic. spocies), as o sories of fcts
spoke of the good effects from  * conneeted together by som
light changes 5 the conditionsof  common but _ynknowr, bondy
lifo and from cross-fertilisation,  which is essentially related to
and of the evil effects from great  the principle of life.”
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among plants which have been self-fertilised and
grown under uniform conditions during several gene-
rations. We can form no 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
either 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 5o far as they are
apt.to resemblo 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
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 fow breeders, guided by their keen powers of
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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 closo interbreeding on
animals, judging again from plants, would be dete-
Tioration in general vigour, including fertility, with no
necessary loss of excellence of form; and this seems.
to be the usual result,

It is a common practice with horticulturists to
obtain seeds from another place having a very dif-
ferent soil, so as to avoid raising plants for a long
succession of generations under the same conditions 3
but with all the species which freely intercross by the
aid of insects or the wind, it would be an incomparably
better plan to obtain seeds of the required variety,
which had been raised for some generations under a8
different conditions as possible, and sow them in
alternate rows with sceds 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 ; and this would yield far more
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,

* * Variation of Animals and Plants under Domestication,’ ch. xvii.
20d edit. vol. ii. pp. 98, 103.
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4s 100 to 78 in height, and as 100 to 51 in fertility ;
and plants of Eschscholtzia similarly compared wero
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 cross 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 new variety would remain constant even if
grown under somewhat different conditions; and there
would no longer be any necessity to gnard against inter-
erosses 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
onthe 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 samo

* Journal of Staistical Soc. June 1875, p. 153; and * Fortaightl
Review,’ June 1875. L 4
2m
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place and followed the same habits of life. Nor can I
s 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 guinto
science to know that numberless structures in her-
maphrodito plants, and psobably 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 embryo is benefited in the same manner as is
& 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 mnle. There are also many other mevdmh
by which can be
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
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 being fused completely

together. 4
1t has been shown in the present volume that the
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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 or frequent self-fertili 0 88 to
ensure 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 undemmndmg how an_organism, formed by the

of twi id which he

two incipient sexes, might give riso by buddmg first
toa ious and then to an h )

and in the case of animals even without b\xddmg w
an_hermaphrodite form, for the bilateral structure of
animals perhaps indicates that they were aboriginally
formed by the fusion of two individuals.

282
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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 division of
physiological labour. 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 sexes
may have been re-separated for the sake of preventing
too frequent self: ion; but this
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 produee
offspring.

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

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
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crossed species are subjected. A plant’s own pollen
is strongly prepotent over that of any other species,
50 that if it is placed on the stigma some time after
foreign pollen has been applied to it, any effect from
the latter is quite obliterated. It is aiso 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 con-
dition. 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 infer se, their descendants are
more or less sterile, and they often become still more
sterile in the later generations ; but then close inter-
breeding has hitherto been practised in all such cases.
The more sterile hybrids are sometimes much dwarfed
in stature, and have a feeblo constitution. Other
facts could be given, but these will suffice for us.
Naturalists formerly attributed all these results to
the difference between species being fundamentally
distinet 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
eross-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-
lised with pollen from another individual or variety.
Some self-fertilised flowers are absolutely sterile ; but
the degree of their sterility is largely determined by
the conditions to which the parent plants have been
exposed, as was well exemplified in the case of Bsch-
scholtzia and Abutilon, The effects of pollen from the
same plant are obliterated by the prepotent influence
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of pollen from another individual or variety, although
the latter may have been placed on the sfigma some
hours afterwards. The offspring from self-fertilised
flowers are themselves more or less sterile, sometimes
highly sterile, and their pollen is sometimes in an
imperfect condition; but T have not met with any case
of complete sterility in self-fertilised seedlings, as is
50 common with hybrids. The degree of their sterility
does not correspond with that of the parent-plants when
first self-fertilised. Tho 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 ascertain whether
this applies to decreased fertility.

T have clsewhere shown * that by uniting in various
ways dimorphic or tri plants,
which belong o 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 distinet plant belonging
to the same form, yield fewer, often much fewer seeds,
than they do when legitimately fertilised with pollen
froma plant belonging to a distinet form. They some
times yield no seed, not even an empty capsule, like
a species fertilised with pollen from a distinet genus, -
Tho degree of sterility is much affected by the condi-
tions to which the plants have been subjected. The
pollen from a distinct form is strongly prepotent over
that from the same form, although the former may
have been placed on the stigma many hours afterwards,

15y, The Different Forms of Flowers on Plants of the same spees?
77, p. 240,
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The offspring from a union between plants of the same
form are more or less sterile, like hybrids, and have
their pollen in & more or less aborted condition ; and
some of the seedlings are as barren and as dwarfed as
the most barren hybrid. They also resemble hybrids in
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 of 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 conditions or by spontaneous variation. The
manner in which plants have been rendered hetero-
styled is an obscure subject, but it is probable that the
two or three forms first became adapted for mutual

ilisation, that is for ilisation, through the
variation of their stamens and pistils in length, and
that afterwards their pollen and ovules became co-
adapted ; the greater o less sterility of any one form
with pollen from the same form being an incidental
result.* Anyhow, the two or three forms of hetero-
styled species belong to the same species as certainly
as do the two sexes of any one species. We have
therefore no right to maintain that the sterility of
species when first crossed and of their hybrid offspring,

* This subject has been discussed in my *Different Forms ot
Flowers &c.,” pp. 260-268.
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is d ined by some cause fund: lly different

from that which determines the sterility of the indi-
viduals both of ordinary and of heterostyled plants
when united in various ways. Nevertheless, I am
aware that it will take many years to remove this
prejudice.

There is hardly anything more wonderful in nature
than the sensitiveness of the sexual elements to external
influences, and the delicacy of their affinities. We see
this in slight changes in the conditions of life being
favourable to the fertility and vigour of the parents,
while certain other and mot 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 ordie
nary plants the pollen of another variety or merely of
another individual of the same variety is often strongly
prepotent over its own pollen, when both are placed
at the same time on the same stigma. In 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 elose 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
erossed 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
surpriso 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 1 have shown in my ‘Variation under
Domestication,’ the mutual sterility which distinct
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 is not known, though
some facts indicate that it does. The elimination of
sterility through long-continued domestication may
probably be attril to the varying conditions to
which our domestic animals have been subjected ; and
no doubt it is qwing to this sume 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 probablo
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 eclements
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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 unjustifiableto
m

assume that the sterility of species when first

and of their hybrid offspring, mdmmmm,'

differ in some fundamental manner from the varieties
or individuals of the same species.

N
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— vagum, 107; measurements,
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ravLLE, rrss.

100; mumber of copley 815 | Palomomiacan 182

scods, 858 prepotency of other | Pollen, relative fortlity of fowers

pollen, 398 crossed from a d.llhm:t plant, or
Papille of the lea tricolor at- with their own, 820;

tractive to insects, 124 of resultsin Nolana prostrata, 521,
Parsley, 172 oyt 4o r-fmm.d

Puseifrs alata, 5,

‘mensurements,
et i fertilid
216; sels, 823

Panlﬁmm, 171, 857
ea, common, 160, 351
Pelargonium zonale, 142 ; measure-
ments, 143; effocts of inter-
croaing, 801, almast selbateil,
oo

Pentstemon argutus, perforated co-

mlh, 429, 431, 436
Petunia_violacea, 158; measure-
‘ments, 189-203; wmgm of seed,

196; cross with

201 relative fertilty, 201- m‘
colour, 203; summary of experi
mnts, 265, eriority of
crowd over sclffertlised, 3895
carly owering 255, 24 wniform
colour of m‘ll' fv.‘rtl (7?[
pers

seods, 8

352
Phalaris canaiensy, 235
75 oaly fomestng

150
us, 150 messurement,
nlly steri

i foriiaed, 970
‘fowering of crossed, 2931
sceds, 316; perforated by humble-

Tees, 433, 138
Phassols ‘wulgaris, 153; self-fortile,

Pmm-utmm.lw messurements,
162; uldn;n e, 160
sum o experiments 64,

375 seltferile

Plants, m'md. gmw consti-
tutional vigour,

Platea on insects and arti-
e ﬂowen, 874,875
Pleroma, 364

bx
1% Febetan ot Paony,
7 1n Lotium perenne, Plantage
Tanceolata, Scirpus lacustris, and

Polyantin e
olyanthus, prepotency over cows-
ip, 307-5

Polygones, 228
Posogqueria fragrans, 5, 393
Potato, 389

Proteace of Australia, 415
Pranss avium, 403

isus, 405
Pleris aquitins, 105
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Reseda lutea, 117; measurements, |
118, 119; romlt of experiments,

0 sl fetle, 365
ta, 119 measrenents,
TR0 e ol soreelyer
cecded b 280; md-‘Slb‘
yaat o ence
vi pring,
 rosult of experiments, 3363
el ond sel-frtile, 838, 365
eseda

o azaloides, 435
Rhubarb, 896, 8

Riley, Mr., carried by wind,
;?:’s m‘f-"""‘mm T

Rim cross.fertilisation
ol Rye, 241 on tho sel-fetiity
-ig xs, Mr., secretion of nectar in
Vanilla,

Rye, experiment on pollen of, 577

s
via ; ments,
93; carly flowering of: crossed,
203; sceds, 815, 822 partiall
self-sterile, 363 2
— glutinosa, 430

Salvia grahami, 429, 431, 436
— tenori, 363
168; mea-
surements, 165.167; lnv'riﬂnly
of er

Scods, 333; solf mnh‘

stacuys.
Seabiosa aty urea, 172; mea-

urcients, 17, 175

Soott, I, Pagaser somniferum 108:

terility i ov
i nd Maeilorta, 33

of Papaser 353 on =
Primula scotica aud Cortusa
i,

size and germination of, 352,

Selaginella, 41

Seli-fertile varicties, appearunce of,
B847-851

Sel-fertilisation, mechanical struc-
ture to check, 383

Selfsterile plants, 520-347; wide
distributon,  throughout. _the
vegetablo kingdom, differ-
‘ence. its, 512: enuc of
self-sterility, scs; affected by
o lnged conditic vt
nocceity of differentiation iu the
sexua) clements, 5
Senecio cruentus,
—— heritieri, 33
—— maderensis, 335
wlifolius, 335

Sharp, Mosirs, pmuuanl against
intercrossing, 396

fertile, 369
Spencer, Herbert, chemical affinity,
462

Spiranthes autumnalis, 391, 424
Sprengel, C. K., fertilisation of
flowers' by insects, Viol

tachys coccinea 430,
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STELLARIA. VANDELLIA,

Stellaria media, 367

Strachey, General, perforated flowers

in the Himalaya, 436 v.
Struwberry, 316
Strelitzia fertilised by the Nectarini-

dezs, 571

Structure of plants adapted to cross

Jants
sl it rm.mn. M
le, Mz, garden lupine not v
by bea- In New Zealand, 1
Sweet-pe

x

Tabernemontana echinata, 331, 362
Tables of measurements of heights,
Jelsht, wnd. frlty of ‘lants

il mperfetly  doveloped
alata, 96, 277, 831

unbergia.
’l'hqu 421

wun, on Solanum tuberosum,
389

 hmvciakcn o€ foe grod ol
of 8 cross o laer genentions,

Trees, separated sexes, 414
Trifolium arvense, 367, 356
e e
Z pratense, o1, 420,438
cmbens,

—

Tropnctum minus, 144 measure.
ments, 140 wly ﬂowmng of

d, 293; seeds, 8
—irieotor, 130 loedl

Tulips, 896
Typlay 877, 408
o

nbeliorm, 17
Uthan e, femlx-hon of Medicago

— thay
0; sl el B su 369

Verlot or s tricolor, 55 ;

Nerophila, 1835

Vitors parnassifolia, 392

Vilmortn o ruseniting charscter
to offspring, 456

Vinca major bea

sza canina, 357

plmu,
Howerlng, 26 m 206 uﬂ'ucu of
cross-

iscaria. oculata, 130; measures
monb 132 abergo height of
. 2

ey "
Scods, 316, 523; el fsmlo, i

w.

Wallace, Mr., the and faces
of brash mgm lories eovered
qyrith polle, 871

attracted by Epipactis lati-
m 576 e
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' nhnm of erossed and
‘7 for s, 244, m .
.,f Yucea moth, 421
2—&55
‘Wilder, M.r. fmm-non nf flowers 7
Wllml A. .Y pﬂum' f | Zea 16, 283 s,
L s W | o 10,2
ity v | “TTE i s o R
=
len of 'hmt, m nn lill! o‘rl, ﬂnwering of crossed,
5 iy o it 3 Bt
dm ‘sinensis, 378, 480.
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Civil Wars of Prax England. 2 Vols, 16s.
omasnders o Fieits and Armies. 3 Vel 1.
————————— Annals of the w.m—mh & 19th Century,
With Maps, 9 Vols, Post 80, G, eacl
DAVY (m Howemar). cumlnlom ln Travel; or, Last Days
Philosopher. 8.

Feap.
_ onin; or, Dnyl of !Ly Fishing.  Woodeuts,
DE cossuN (& A, The Cradle of the Blue Nile; 2 Joumey

nia and Soudan, and a Residence at the Court of King.

nox, Bdon, Tvtsd, ecording al tho laet Discoverion. Wit 20
Plans and 200 Hlustrations, 2 vois. Medium 8vo.

DENT (Eaxua). Avnals of Wincheombe and Sndclny, With 120
‘Portraits, PIx cs and Woodeats. dto. 420,

DERBY (Euy o). Tiad of Homer rendored into English
Blaok Verss. With Portrait. 2 Vols. Post 8o,
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DARWIN'S (Cmanzss) WORKS :—
Jnvuu or A Frmnun pumixe A VOYAGE ROUND THE

Omu or Srmlu Y llnn or Navoaus Suscrion o, the

‘Preservation of Favourod Kaces in the Struggle for
Crawn vo,

Vanumox ov Awxais sxp Puaxts vaves Doxzsrioasion
Woodeuts. 2 Vols. Crown

Dasomsr or Max, Axp Enmlox  Riuamos 1o Swx.
Woodeats, Crown 8vo. 9.

Exeasssions or xux Exorioxs 1x Max Axp Axnuss, With
Tilwstrations.  Crown Svo. 124

Vantovs Cosmtvaxess. wx wiion Oscuios axs Fasuans
br Insecrs, Woodents, Crown 8

Movems axp Hasiss o Chicse piun: Wiks0,

X

humvolovl Puaxrs. Woodeuts. Crown évo. 1de.

Errrors or Cross Axp SEuy-FERTILIZATION 1x TiE VEGETARLE
Kixopox. Crown 8vo.

Dirrenexe Fonus or Frowsns ox Puaxts or mum saup
‘Sexcus. Crown Svo. 10e. 62,

Powss oF Movexkst 1x Paxts. Woodcuts. Cr. 8vo. 15n.

“Tun Fomcasioy ov Vioranis Movip muzovon Tus Actiox or

on thel Habits.
Lirs o Exasuvs Danwis,  With a Study ¢ hh Works by
avse, Portralt, 6d.

e ron |  Daswin, By Farrs Moiaxs,
“Translated by . 5. Davtas, Woodeuts. Post vo, 6s.
DERRY. (Busnor o). Witnes of oﬂhu Paalis to Christ and Chie-
575, Svo.

DEUTBGH (Elu'n.) T.lmd, lnhm The Targume and other
‘With a brief Memoir.  Svo,

DILKE (s:- o W) Tapers of u Critic. S S e
ings of the'ta Grae, Wevrvosr isxv. With s logaph
nocmmxma. [s« nmnm-.]
DOUGLAS'S (Sin Howars) Theory and Practice of Gunnery.
Fiates, Svo. 2o,
(W) Horse Shosing; As 1 1s, and As it Should be.
Tilstrations.” Post8vo. 7s.
DRAKES (Sin Faasor) Lif Lit, Vomu, and Exploits, by Sea and
Lend. By
DRINKWATER (Jowx). HM.aq o e Siege of Gibrala,
1779-1789. Wit 8 Deseription and Account of that Garrison
boiods. Fout v 3
DUCANGES Mroiava Lurix: }mnuuu Diortonary. Re-arranged
and Ea

o
. In accordanco with the Scleves of Phillogy by Ker:
e e T essets. Bmatisto [
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DU CHAILLU (Pavs. B). Laud of the Miduight Sun; Summer

snd Winter Jonrmoys through Swden, Norwa, Lapland, snd Northern

Fialad, fnner Lilo of the Peq lo, thele

Manners ...nc“ omsy e Primjitve Anciaides, $e, & With Map
and 2851

“Bovsroaria Avsios, with Acconnts of the
Goriia, ms. Nestiaing Aps, Guiipanse, Grosadl, Ge. Ml
ation

——— to Ashango Land; and Further Penc.
rAvlrvnlnlquvuwrlllAMw Iilustrations. “8vo. 2la.

DUFFERIN (Lowp). = Letters from High Latitudes; a Yachi
Yoyage to Teoand, Jan Mayen, and Spitzbergen. Woodeots, Fost

ceches and Addreses, Politieal and Literary,
Seiversd o iho T of Loris, i Cuiads, re. Evo,
DUNCGAN (Masow.  History ¢f the Rogat ‘Arallery. " Com-
Pl o e Oreaa! ot Foruie, 3 Vol sor 18
in hps,\n o, The Story of the War of Sue-
oo, ISs1040 Gompled . e, Rerts of th it Gom
isoners, - With Tiueatons, e
DURER (Aussne); A History of bis it mx  Works. By Monsz,
0. Teamslated from the German, by Enmpenick A
n.m !gcmlny. of tho oy Acaimy. With Fortats sod Thostra-
fovs. 2 i, Mediun 8
EAB’I‘LAKE (S Cmanize). *Gontribations to the Lilerature of
{he Fino Ars, Wth Mooy of tho Autbor, uad Sclectons from s

Crespoions, By Lavy Baort

EDWAKDS (W. H), Voyage up the River -mason; iacloding s
Visitto Para, Post Svo. 5.

ELDONS (Low) Pabli and Privie Life, vith Selectons from
his Diarics, &c. By Honaos Twiss. Portrait, vo. 218

BLOIN (Lown). Letters and Journsl, Hlied. by Tasooons

0. With Preface by Dean Stasiey. 60, 1s.

nnwsmmm (Low). Two' Sicges of Vl;nnl by the Turks,
‘Trauslated from tho German, Post 8vo.

BLLIS (Wy. Madsgusear Reviited. The Persccutions ma

ol Sulfrings of the Native Christsrs. Ulusiratons,  §v0,

emoir. s Sox. With bis Character -

Work. By Rev. Huvey Attos, DD,

— (R nmnok) Poeml and. anmlnbl of Cltull\ll. lﬁmo. bs.

ELPHINSTONE ruast). History of India—the

Hindoo lud‘Ml bomedan Porods: Edlted by Eaorssson Comre

z . W) mum for, Turniog ; Comprising

Eiliptical and ofher Figures eut on the Lathe withont he s of sy
Sroamentl Gl \\,.mnm..,m... Small dto.

ELTON (Carr) wnd ML B. COTTERILL. ‘Adventures and

Diseo Moutaina of Easton and Central

o Tak
Aien: Witk Mag and Hhosirasonns Sra.
ENGLAND. [See Awtuon, Groxss, Hous, Woakas; Brres,

4 8taxmors.|
ESSAYS ON"CATHEDRALS. Edited, with an Tntroduction,
'y Deax Howsox, 8vo. 125,
FERGUSSON (Juouzs). History of Architecture in all Countrics

m the Bicliost Tien, Wiy 180 Hlustrton. 4 ¥

1 & I1. Ancient and M 6

TIL Indian & Eastern, m. "IV Modern, 31s 6d.
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FERGUSSON (Jaxus). Rude Stone Monuments in all Countrios;
their Age and Uses, With 230 Tiuatrations. - Medivm Svo, 21s,
Holy Sepulchro and. the Templo at Jerusalem.

il of e’ Jogh Ml ol buildings in
Torum Area a¢ Jerusolem.  Wih Tiusiraions.
TPLEMING (Prormsson). Students Manual of Moral Philosophy.
th Quotations and References. Post 8vo. T7s. 6d.
FLOWER GARDEN, By v, Taos Jaune. Teap, Svo. 1a
FORBES (Carr) British Burma and its People; Native
nery, Gisoms, nd Blon. . v, 11 6
eorge). Klectricity and its applications, as illustrated
s Exbiton of Blostriciy, 1551, Reprited vith dditons,

fiom e Times,' Post 8vo. U2 the Prees

FORD (Riomaas). " Gatherings from Spain. Post 8vo, oo 6

FORSTER (Jomx), The Early Lifo of Jonathan SwiR.  1697-1711.
ero.

FORSYTH (quu-) Horlemilus on Historical Basay on the
a0d Dutics of an Advoeate. Itinstrations. Svo.
ool and Novelists "oF the 15th C=mury, in
of the Maznors and Morals of e Age. Post 6vo. 106, 64
PRA‘ILE 1Huﬂmr o). [See Trn 15— Manasse— Sz
Toc:

ca
FRENOH 1N 'ALGIERS; Tho Soldier of the Foreign Legion—
0d the Prisoners of Abd-eL-Kadir. Translated by Lady Dors Gowoox.
Post8vo, 2.
FRERE (8ir Bantiz). Indian Missions, Small 8vo. 2. 6d.
———— Eastern Africa as a Field for Missionary Labour. With
Crown 8vo. 82,
amine.  ow it will be Met and How to
Prevent Futurs Famines in India. With Maps, Crown v
—— (). 0ld Decean Das, or Hi s Wasy, Togands
thern India, with Introducdon by Sie Bavro Freur,
Wi o Hiairaions. Bost v,
GALTON (F.). Art of Travel; or, H‘nu on the Shifls and Con-
trivances available in Wild Countries, Woodeuts.  Post 8vo. 7s. 64,

GEOGRAPHY. [Su rraelsti e
GEOBRAPHICAL SOCIETY'S JOURNAL. (Pullished Yearly.)

GEORGE (u“m) The Mosel s Serles of Twenty Etchings, with
v Lateprom m» nl dto, 425,

rmce;'n Beries of Twenty
Eibinge, ik esripdon Teot ol i1
GERMANY (Hisronv on). . [S6s Sankiie|
GIBBON (Evwan). History of the Decline and Fall of the
leman Eapire. | Bied by Miaax, Govtor, and Dr. Wa. Swir,
Maps. 8 Vola, Svo.
The Students Ediion; sn Epitome of the above
Yook dncrporing (b Tearches of Regent Commentators, by .

GIFMRD (Eowanp). Desds o Naval Daring; or, Anecdotes of
British Navy. Foap. 8vo. 8
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GILL (Cist. Wa), Tho irer of Gulden Sand. Narmiivs

 Journey through China to Burmah.  With a Preface b
Sy G5 Hiaps aud strstions. 3 ¥ola, Bror e
(Mns. ths in Ascension. An Vnwmﬂdﬁc Ae.
eount o & Selentilc Expedition. Map. Growa svo.

GLADSTONE (W, ). Rome snd. the  Novet Fashions in
Teligion, Threo Tracts, 8vo. s, 64,

gy leanings of Past Years, 184375, 7 vols, Small
oo, 20 00 e, e riney G e Gt and
Constituti rsomal A Liieraey. 111, Fos
e TV Forsign. V- and V1. Eecegnston.” VI stiooomeoma:

GLEIG (G, R). Compaigns of the British Army at Washington

‘nd Now Orleans. - Post 8vo, 2.

Story of the Battle of Waterloo. Post 8vo. 35, 6d.

———— Narrative of Sale’s Brigade in Affghanistan. Post 8vo. 2.

——— Life of Lord Clive. Post 8vo. 3s.

-~ Sir Thomas Munro, Post 8v0. 35.6d.

GLYNNE (Sin Srapums 1) Nntm o m Churchm of Kent:
With Preface by . H, Gladstone, M.P. dons, 120,

GOLDSMITITS (Orvan) Works, - Edited with. Notos | by Paemn
Commmawist. Viguettes, 4 Vols. 8vo, 300,

GOMM (Sta W, M.), Commander-in-Chief in India, Constablo
o tha Tower, and Golonolof tho Colstream: G, 113 Lot an
Jourmala” 11030 81, Elted by F.C. CareGomn. With Forrdt

GORDON (Sin Aumx). ~Skolches of Gorman Life, and Soanos
the War of Liveration, Post 8vo. 31,64,
(Liox Dors) Amber-Witch A Trial for Witche
e Fostovo. 2.
s French in Algles, 1. Tho Soldie of the Forcign
2. The Prisoners of Abd-el-Radir. Pos
GRAMMATS, . [See Conmrvs; Haus; Trosios SEAG Holad
e + Marmio; Sarmn
GREECE (Hwron o). [S6o Gorn--Swirs—Ssupmxts’]
GROTE'S (Groner) WORKS i—

Histony or Gromon, From the Earlest Times to the close
of tho gen i the Dt of Alecandor i Gres.
Thtnary Edtion. oresl. Sape, ani Fians. 10 o
Gudinct Biton: Poriait and Bana. 12 Vot ost boe: 6o

Puato, and other Companions of Socrates. 3 Vols. 0,

GROTE (Mas). A Sketeh. By Lavr Easruaxs. CrownSro. 6s
HALLS (1. D) School Manusl of English Grammar,  With
Copions Excreisas, 12mo.
‘anual of Englih Compontt on. With Copious Iustra-
s and Practcal Exersses, 13mo.
Frimary Tiglith. Grammar o Hementery ool
i arge work. 16m0. s,
cmm, First Latin Book, comprising a full Practice of
o, Pronouns, and Adjectives, with the Active Verbs. 16
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HALLAM'S (Hexy) WORKS :—
T Consmrurronan, Histony ov Resgum, fom the Aoos-
sionof Honry the Sevonth t the Doath the Second. Library
Vol Seo 30, it Bition,§ Vs Fost Svor 120l

ion, 3
dent's iltion Post 6vo. 7. 0.

Huoar or Evlmﬂ punvg rux Mioie Acws. Library
ition, 90s,_Cainct Kdition, 3 Vols. Post Svo. 124,

Boudin's Baion, Bostvor o 84
Luzsunx Histony or Bonors ponses sms 16um, 10cm, oo
17 Ceromes.  Litrary Editon, 3 Vals, 6
4Vols. Post o, 16s.
(Aponvn) Titerary Remains;
Portrsit, Feap.6vo. 8.
HAMILTON (Aronsv). Rhe!nxbexg Memorials of Froderick the
Great and Prines ienry of Prossia. 8 Vols. Cro
HARTS ARMY LXST. " UPubiished Quarirty anct dmavaliy)
HATCH (W. The Moral Philosophy of Aristotle, con-
g ot 2 Contai o e Nichomachaan Eios end of o Para-
PhrasSatsbited {0 Aadronius, ith sa Lteductoy Ansysa of i

in Verse ‘and Prose.

nATHERLEY {Lonn).  The Continuity of Seripture, ss Declared
e Testimony of oue Lord and of the Exavgelists and Aposto.
“Popular Edition.” Post bvo. . 6.
HAY (Sn .Y H. Duowaoxn). Western Barbary, its Wild Tribes
‘and Savage Animals. Post8vo. 2.

HAYWARD (4). Sketches of Eminent Statesmen and Writers,

Thiers, Bllmnrck c.m.n ik, Sotalembert,
Wellesley, ninyson, Vooice, St. S
Deftnd, Hiolluad House, Srunbesry Hl.” 8 Vol. v

HEAD'S (812 Franais) WORKS : —

Tima Rovau Exorxesr. Ilustrations. 8vo, 125,

Livs ov S1n Joux Buncoxxe. Post 8vo.

Raprp Joumxvs Ackoss ik Paxvas. Post 8vo. 2.

Bussues prox mun Brvxwex or Nassav, Illustrations, Post
Svo. 74,64,

Stoxxns axp Poxzns; or, the London and North Western
Ruilwsy. Post8vo. 2.

HEBER'S (Brswor) Journals in India. 2 Vols, Post 8vo, 7a.

———— Pootical Works, Portrait. Feap. 8vo, 3s. 6d.

—————~ Hymns adapted to the Church Service, 10mo, 1s. 6d.

HERODOTUS. A Now English Vers ited, with Notes

s, Historica Biinographical, an aphi wox
R g 1. R Lo i 1k :"a”%‘?fl;f..é‘-" b A5
Woodeuts. "4 Vols.

HERRIES (Rr. Hox, Jom Memclc of bis Publie Life during
o Reigns o Gearge TIL and 11, William TV, and Queen Victori
Founded on s Lotiers tnd othet Unpubiished Documente Ty

som, Edward Herr
HERSCHELS (Cumm.) Mowle s Cnmlpondznca. By
¥ Hensonss, With Porteaits, Crown 8vo. 7s, 64,
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FOREIGN HANDBOOKS.
nunnoox_wmvnbum English, French, German, and
talian.  18mo. 3. 6d.
——————— HOLLAND AND BELGIUM. Map and Plans.
Post §vo. 6.
i NORTH GERMANY sud THE RHINE,—
Tre Dk Bores g Racts, Thicingecntld, fasen. Svitsarasty
Riigen, a.. it Mountang Fuuauy, Odemrald, Bite aa

i Foie o
SOUTH  GERMANT, Y.’"‘"“""* Bavaria,
ustra, Styria, Salzbare, the Al ungary. and tho Dasabe
foum Ui 3 e ek S, iage and Fian
PAINTING. Bermm, Fleamish, and Duteh Schools,
Tilustrations. 2 Vols, Post Svo
IVES AND WoRKS 0P EARLY FLEMISH
Painters,” Tiustrations.  Post Svo, 7. 62,
e T swmunmnn, Alps of Savoy, and Piedmont,
TaTwo Parts,  Maps and Plans
FRANCE, Part 1, Fommdy, nrm...y, the French
Alpa, the Loire, Seiue, Garonny Msps and Piaus,
Poscovo, 75,64,

o g Part 1L, Ceatral Franee, Auvergue, the
Govennes, Borgundy, the Rion and Saon, Provece, Nimes, Aries,
Aiareeiics, tho Frene
i Plans,

e, Alsaes, Lortaioe, Champagon, de; Mapd

o Todd
~—————  MEDITERRANEAN—its Principal Islands, Cities,
Scaports, Harbours and Bonder Luds,  Fortravelers aad yach
IS many o Mgl et
~————— ALGERIA AND TUNIS, (Algiers, Constantine,

O, the e R Range. Maps and Plans, 100,
o e PARIS,audits Favirona. lhpnnd Plans. 16mo,

SPAIN, Mtdnd The Castiles, The Buqn- Pﬂwlnuu,

Leon i Asura, Gl Eatsumde, Anda Gt
i, Yalencin Caulnt, Arugon, Navirs, i Blesle Lunds

&e. Maps. Plans. Post8vo. $0s.

PUETL'GAL, Lussox, Porto, Cintra, Mafra, ke, ,
Map sud Plan, Post Svo. 122,
~———— NORTH 1TALY, Turln, Milan, Cremona,  the |

Taian D tun, Vicenza, Pads
5:'-'?2'.“" . Vi u::...\ R, menx‘: G, m.“mu'::: 1
e GENTRAL ITALY, Plorence, L Lm, 'rm,,'m

| Marches Dmbria, &c. Jiaga and Flans, Post v, 1

- ROME ixp a5 Eavisoss. With 50 Maps azd

Plans. Post Svo.

soutit xmmr, Naples, Pompeii, Herculneum,
aud P

and Vesa lans.
— — PAINTING "The listisa.Sckeols Tilustrations,

2 Vols. Post8vo, s
. OF ITALIAN PAINTERS, raou Crason
to Bassaxo. By Mrs, Jauusow, Portraits, Post 8vo, 1%,

SWEDEN, Stockholm, Upsala, Gothenburg, the
Shores of the Baltic, &%, Maps aud Flan, Post6vo, 6s.
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HAND.BOOK—DENMARK, Slesvig, Tolsteia hagen, Jut.

eelend, Maps and Plaos
RUSSIA, Sz, Peres;
nd Plars,
‘GKHECE, the Tonisn Tlands, Contineatal Greece,
Athens, the Peloponnesus, the Islands of the ZEgexn Sea. Albanis,
dady, ad M , a0d Vicws.  Post Bvo.

{URKEY IN ASTA the Bos.

FPostsvo. 65,
m, Mosoow, Powsrp, and

yhurss, Dasianeles, Broust, Plai of Troy, Crete Gy, Smyrma,
Ephests, the Seve: s o e it e’ Armenia:
Ehpurates Valley, Roule to Tndla, &o. Maps and Pluns, b

BGYPI, including’ Descriptions of the Course of
the Nile through By sad Nutia Aloxania, Ciry,and Thebes,tho
e htaits, the Tontussa of Sinst the Ossen 4

wo Parts.” Maps and Flaoe. Post Gve. 100

LAND—Stuus, Paussruss, Peninsula of

Edom, Syrian Desort
. PostSvo. 205,

Potra, Damsscus; aud Palmyra. Maps
Traveling Map of balosinse Ta'a

NDIA. Maps aud Plans. Post 8vo. PartL
Bounax, 165, Part 1L Mavsas, 156, Part 111 Baxaat.

ENGLISH HAND-BOOKS.

HANDBOOK-—ENGLAND AND WALES. An Alphabeticn

nd-Book. Condensed foto Ose Volume for the Use of Travellers,
W B, Eo B 00
————— MODERN LONDON. Maps and Plans. 16mo,

ENVIRONS OF LONDON within a circuit of 20
miles, 2 Vols. Crown vo. 21s.
——— ST. PAULS CATHEDRAL. 20 Iilustrations.
01 60,
— EASTERN COUNTIES, Chelmsfnrd Harwich, Col-
xhnvnn Maldon, Cambridge, Ely, Newmarket, Bury St. E“N""dﬂv
v, Woodbuige, Folistone, Lovesot Norvich, Yasiouih
omee: s, Mvp i Paus. ot Svo,
HEDRALS of Oxford, hummu«n Norwich,
By, and Lincolo. wnmmmmwm Gros
" KENT, , Dover, umxgm, sheemun,
bt Giiey Woeior Moge s s PatEres 1o ok
—— SUSSEX, Bnghtnm Chichester, Worthing, Hastings,
Arundel, &¢. Maps aud Plus. Post Svo.
SURREY AND HANTS, Kingaton, Cropdon, Rei
g, Quidnd, Durkiog, Do, Wichestr, Siuthapon: Xow
Eort, Portsmotas Touk Or Wi, e Mapa d P, Eost 0.

KS, BUCKS, AND OXON, Windsor, Efon,
euting, Aylnh-ny. Uxbrides, Wycambe, Healey the Gty dad Ui’
Sorsity of Oxtord, Bleuhei, 1 Descont of the Thames. Maps
and Plas. P
WILTS, DORSET, AND SOMERSET, Salisbury,
Chipeubam, Wermoud Sherborue, Wells, Bath, Bristol, Taunton,
ap.
ON, Exoter, Tlfracombe, Linton, Sidmouth,
‘Dawish, Telgomoui, lymouth, Devouport, Torquay. daps sad Plaas,
05t 60,

Low
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HAND-BOOK—CORNWALL, Launceston, Penzan

the Lizard, Land's End, &c. ' Maps, Post
DATHIDH.ALB of wxnuhuwr. Edhhnry, Exeter

il Chchess Bonhtc, Getacury ad st Albans, . Wit 180
Ilasiations. 3 Vola. Cr.Svo, 3 it epercily

Cireacestar, Choltntam, Sroud, Tewkeabury, hmmuur, Ros, Mal-

ern, Kidderminater, Dudley, Bromsgrove, Evesham, Mup. Post8vo.
—— CATHlnnAm of Bnml, Glonoum Hereford,
Woress sichfeld. With 50 1 Crown Svo. 160,

s “NORTH WALES, Bangor, Carnarvon, Beaumaris,
u...,.a.m, Lianberis, Dolgelly, Cader 1dvis, Conway, &e. Msp. Post
8ro.

SOUTH WALES, Monmouth, Lhndlﬂ', Merthyr,

R B Moy e, Mg

)

CATHE RAL! OF BANGOR, B’l‘ ASAPH,

- — NORTHAMPI‘ONBHXRE AND BU’I‘LAND—
SR L, Sy D e, B

R

DERBY, No’ﬂ's mensun, STAFFORDL
Matlock, Bokowell,'Chataworth, The Peak, Duxios, Hardwick,
Dale, Ashborne, Soithwell, Mansfield, n.um lumn, 5 Belwar, ion
Mowbray, Wolvorhampios, Liehield, Walsall, Tamwort ~ Miap,
Post B

sHROPsHum Axp CHESHIRE, Shrewsbury, Lud-

g Bridgoorth, Oewcatry, Chaser, Crowe,” Alderey, Siokport,

Birkenhead. Maps and Plags, Post $vo,

LANCASHIRE, annm.on Bury, Manchester,
“Pians

Tiven G, Dot Baskina, Wigs,
Soutipot, Blastpeot, b Mapt sl
el Yoxxsmnn, Doncaster, Hull, s.lhy, Beverley,
Wiith Rigon, el s,
it W M ad Fiams, ot .

CATHEDRALS of York, Ripon, Durham, Carlisl,
‘Chester, and Manchoster. With 60 Ilustrations. 2 Vols. Cr. 8vo, 2
DURHAM ixp NORTHUMBERLAND, ~New-
ington, Gateshead, Bishop Auckland, Stockton,
Sendciand, Buialin uu-un. on-Tweed, Morpely, Ty Besioudh,

WESTMORLAND Axp CUMBERLAND—Lan-
i P A it e LA DL
e
2 oma e o e Lo Do e, .
SCOTLAND, Edmbnrgh, llehvu, Kelso, Glasgow,

FESn A e 2 oot o e,
Porth, Dundee, m..m-u. e, Skve, Caltimen, Hoss Buthas
Iand, &e. " Maps and Plans, Fost Svo. 9.

= IRILAND Dublin, Belfast, the Giant's Cause-
T ey, ol oottt e Gty Cese
g L S MR e K
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Houl AND COLONIAL LIBRARY. A Beriss - Works
sdapted or al circlos iy

HISTORY, BIOGRAPHY, AND HISTORIO TALES.

1. SIEGE OF GIDRALTAR. By | ILTHE SIEGES OF VIENNA.
dom Daoxxwares. 3a. By Low ELkoeris. .

2.THE AMPER-WITCH. DBy | 1% THE WAYSIDE CROSS. By
Loy Dovr Gowpos. | TCare. Minwan, B

3, CROMWELL AND BUNYAN. 13. SKETOTES or GERMAN LIFE.

. ur:- -rllmcllbnll
By Jous Baxsow. 2.
5 CAMPALGNS AT WASHING-
'y Rev. G. R. G

" -rnx nrr :mwu-:nmo

cm nnnun ™ Awlll |
By Btk Beme fiomon | ml'mnmu. ESSAYS. By
064

1.7 PALLLOF TUB JESUITS.
= 18 l.lvl 0' m:n CLIVE. By

& LIVONIAN TALES. 2. | .G R ok, S5
#. LIFE OF CONDE. ByLow Mu- | 15, NORTH - WEST RAIL-
ow, 8. 64, [ NG Sy b b a4
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KERR (R. Maoorx). Students Blackstone. A Systematic.
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KING EDWARD View's Latin Grammar.  12mo. 3. 64
oA Latin Book, 12mo. 2s. 6d.
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corron I the Ralon vl Travi fn Armens, Karistan od !

» Socond Expedition to i Thation:

ch and its Remaing; o Popular Account
overies wmlds Assyria, With
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ot Sre. 101
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————————— Madmas, H’lb‘lﬂ Post 8vo.

—_— Luoxe. By a Lavr. Post 8vo. 8s.6d.
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Progress of the Nation, from 1763 to 1675.
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i Worl i. oy 1. K, of Layden.
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LIVINGSTONE (Dn). First Expedition to Africa, 1849-56,
Tlasteations. Post Svo. 7. 6d.
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e e e T Feap. 8vo. 1s.
LOUDOK (Mas). Glldenlng for Ladies. With Dirccions snd
Calendar of ‘Every Month. Woodeats, Feap. 8vo. 8s. 6,
LYELL @ty c-m.n) l’rlndpl- of Geology; or, the Modern
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6vo. Ga,
MnchToux (S L), Nuative of nr Jhe Dissovery of l.l:-
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m.ge Communities in the East and Vel sro. 120
———— Early History of Institutions.  8vo. 12s.
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MANUAL OF SCIENTIFIC ENQUIRY. For the Uss -0‘
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MARCO POLO. The Book of Ser Marco Tolo, the Venetian.
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Serton. " sted by the J12h o5 Ortonal S¥eiers s e
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MARSH (G. P, Siudent’s Manual of the Inglidh Langusge.
Edited with Additions. By Ds. W, Suirix, Post

MASTERS in English 'll.\aulogy Lectures Selivead ah ngs

College, Londonin 1577, by Ty 5. With Introd:
Sanon Barry. ~ Post 8vo, s,

MATTHLES Guerx Guaonur, Abridged by Buoxrisio,
Eevised by E. 8. Croox.

MAURELS chu-mm, Acuom, and Waitings of Wellington,

. 8v0. 15,64,

l(AYO (Lnu) ‘Bpois ta Abgusinias or, the Mareh and Tock-
zzeo.  With Lilustrations, Crown 8o, 125,

MEADJ! (Hom ox. Hunsma), Ride through the Disturbed Districts of

ealand, wit, s Cruio ationg o South Sea Inlanda. With Hlus-
Med

MELV[LLE (Hmacan), Mnrquenu and South Sea Islands,
2 Vols, Post8vo. Ts.
KEBEDITH ()(m Cmu.n). Notes and Sketches of New South

MICHARE, ANGE[O Scnlphr, Painter, and Architect. His Life
and Works. By C. Hzurs Wissox. With Portrait, Illustrations and

150,
MIDDLETON (Cuss, H) A Dosoriptive Cataligue of the
Eiched Work of Rembrands, with Lifo and Tatroductions. Witk
Explanatory Gos. Dediam Sror 3
MILLINGION (Rev. T. 8). Sig o
fam, o he Ton Viegnerof z.m. ith Ancientand Modera Tlusts-
MITMANS (Dras) WORKS
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Times, 3 Vols. Post
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MILMAN'S (Cavr, B, A.) Wayside Cross. Post 8vo. 21,
o KBisnor, DD.) Lo, With a Selecion from his
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MIVART (S Goonan). Lessons fiom Nature; as manifestd fn
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and Letters of Lord Byron. Cabinet
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MOSSMAN (Saxom): Now 3 apan; the Land of the Rising Sun ;
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MOTLEY (J. L). History of the United Netherlands: from the
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e Lifo snd Desth of John of
‘Advouate of Tolund, Wit a View of the Frimary Caases, and
Movements of the” ity Yeus' War. - Iiksuatows. 2 Vol

MOZLEY (€. xox). Treatise on the Augustinian doctrine of
Predestination. Crown 8
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3

uuncmsor! (Su Ropumacr).  Siluria ; or, & History of the
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Momoire, With Noticss of his Contemporaries,

and Progress of Paliozoic Geology, By ARCHIBALD GRIKIE,

Borrat. S Vol Sror. 30

MURRAY (A.S.). A History of Greek Seulpture, from the Earliest
Timos down o the Agunwmmm. With Hlustrations. Roy. 8vo, 215,

MUSTERS' (Carr) Patagoniaus; o Years Wanderings over
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NAPIER (Sin W) Englsh Buuu and Sieges of the Peninsular
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NAUTIOAL ALMANAG (Fan).” (By Auorits) 2. od.
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i 58 Stnontic Views &c. 2 Vanr Growa &vor e und

© The Complete Work of Charles Darwin Online

.




PUBLISIED BY MR, MURRAY. ]

NEWTH (Sawunn). First Book of Natural Piil.sophy ; aa Inteo-
duton e Stady o Sate, Dyvmic, Tydeswtiet it st
Exumpion Suall Avo.
S, e of Meshunien, tncuding 1iydrosttics,
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Maihomadieal Exymples. A Gradusted Series
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hom)l{on (Cas).  Communistie Societies of the United
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elading Xl mery, and Organisation avd U

1a Warfare,  With Tlustracions,  8vo, - 166
OXENHAM (e, W) Englich Notos for Latin Elegiacs ; designed
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PARIS (Dn) " Philosophy in Sport made Science i Earicat ;
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PARKYNS, (ansrinn) Three Years” Tesldence . Abyssinia:
widh Travels in that Country. With Husrations, Post $vo. 1. 6.
PEEL'S (Sin Robsur) Memoirs. 2 Vols. Post 8vo. " 13s.
FENN (Rionywo). Maxing and Hints e
plager. W Feap. 8vo.
rsxcv uon-, HD nmmm Fuel, Wood, Peat, Coal,
ons, 'Svo. 307,
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it 2 IM melu-hngpmalsdm Tilaatrations. 8ro. 305
ver and Gold, Part I Lllustrations. 8vo. 3
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i isiory of the Knglish Church, See Szopmns’ Manuals.
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muu?i'ﬁ (rm »"fhe Kingdom of Oo d of th
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e Titurgy of the Church of Eng'aad, 13m0,

op of

© The Complete Work of Charles Darwin Online



% LIST OF WORKS
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Or coloured, 31, 6.
QUARTERLY REVIEW (Tui): 6vo. ts
MAE (Enwa). ountry of tho Moors, & Journey fiom Trpol
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—— The White Sea Pentosula. Journey to the wam Sea, and
te K th Map ana 26 Iiustentions. Crown 8vo, 1,
RAMBLES in the Syrian Deser Post 8vo. 10s. 6d.
BASSAM (Homwear). Drtish “Mision 10 Abyminiar Ilassar
2 Vola. 8vo.
mwuxsou's (Ca: or) Horodotus. A New Eoglah Ver.
Bl etes o By, Mape s Wonict, 4 Vol o
e Great uomm of Chalds, Aueyria, M
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Eeries f Fupors oo mnlm 204 Goographical Condion of Cenira
REED (Sir E. 1) Tron Clad Ships; thelr Qualities, Performances,
328 Gos. 371 Chapters on Turot Ships, Lron-Cid R, k. Wik
Letters from Russia in 1875, 8vo, Gs.
Japan: s History, Teaditione, and Religions, ~ With
Narrative of a Visit in 15, Tlustestions, 2 Vols.
REJECTED ADDRESSES (Tuy). Ty Jinrs ‘in» Honscs Surem,
Post 8vo. 8. 6L ; ot Popular Eiiton, Feap. 8v0. 1s.
REMBRANDT. See Miubuarox.
REYNOLDY' (Six Josuva) Life and Times. By C. R. Lusu,
KA and Tou Tavion. Poriaits. 2 Vols, vo.
RICARDOS (Davin) Poitieal, Works. Witk o Notice of his
ngs. By J. .

MCoutocn, 8vo. 1
RIPA (Farmen). o
Svo.
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‘hirteen Years at the Court of Peking. Post
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nom)\sox (W) Alpine Flovers for English Gardens. With
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‘Tlustrati

BOBSON | (L B). amom. Ancmrreoruns.
Desiguing, Dullifog, asd_ Faruisting of o s
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— un)Advnlnr-ln'.heubylnDaun Post 8vo. 2.
SALDANHA (Duxe or), S¢e Canxora.
SALES (Sin Ronwar) Brigado in Aflglanistan. With un Account of
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SOEPTIGRIE TN ‘GHOLOGY | wnd e Tessons for Tt An
assemblage of fucts from, Natars combining fo refuta tha thsory of
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SCOTT (Sin Gusma).  Lostares on the Rise and Development
Medie tectnto. Delivered at tho Royal Academy. With
S0 Tiusteations, 3 Vels, Medium bva, 4
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SHADOWS OF A SICK “KOOM. " Preface by Canon Livvar,

SHAN' uP PENSIA’S Diary during his Tour through Earo
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SHAW (T. B). Manual of English Literature. Post 8vo, Te. 6.
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