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35, Table V1., bottom of second column, for * 495°13” read * 495+25.”
121, twelve lines from bottom of page, for  fertilised ” read  sel-fertlised.”
162, Table LVIL, bottom of third column, for * 168-16” read * 168+15.
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ployed of the work—I the

Tuere is weighty and abundant evidence that, the
flowers of most kinds of plants are constructed so as
to be occasionally or habitually cross-fertilised by
pollen from another flower, produced either by the
same plant, or generally, as we shall hereafter see
reason to believe, by a distinet 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,
3 B
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CHAPTER I.
INTRODUCTORY REMARKS.

farious means which favour or determine the cross-fertili
plants—Benefity derived from cross-fertilisation—Self-fertil
fayourable to the propagation of the species—Bricf history of the
subject—Object of the experiments, and the manner in which they
were tried—Statistical value of the measurements—The experi-
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of the relationship of the plants in the later generations—Unifor-
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of the work:

ploy

Tuere is weighty and abundant evidence that, the
flowers of most kinds of plants are constructed so as
~ to be occasionally or habitually cross-fertilised by
pollen from another flower, produced either by the
same plant, or generally, as we shall hereafter see
reason to believe, by a distinet 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
Dbeen divided into two sub-classes: proterandrous species,
E B

B N F s Darwin Online



2 INTRODUCTORY REMARKS. Cuar. L.

in which the pollen is mature hefore 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 ing the imy ion of the
flowers by their own pollen. There is a small class of
plants, which I 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 distinct 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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Crar. I INTRODUCTORY REMARKS. 3

few plants seem to be invariably self-fertilised ; yet
even these retain traces of having been furmerlv
adapted for These exceptions need
not make us doubt the truth of the above rule, any
mote than the existence of some few plants which pro-
duce flowers, and yet never set seed, should make us
‘doubt that flowers are adapted for the production of
seed and the propagation of the species.

~ We should always keep in mind the obvious fact
that the production of seed is the chief end of the
act of fertilisation ; and that this end can be gained
by hermaphrodite plants with incomparably greater
certainty by self-fertilisation, than by the union of
the sexual elements belonging to two distinct 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.
Flowers, therefore, are constructed so as to gain two
“objects which are, to a certain extent, antagonistic, and
this explains many apparent anomalies in_their struc-
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 cleistogene, which bear on the

B2
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4 INTRODUCTORY REMARKS, Cmar, 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, crossfertilised. Hermann Miiller has
also made the remarkable discovery that there are
some plants which exist under two forms; that is,
produce on distinet stocks two kinds of hermaphrodite
flowers. The one form bears small flowers constructed
for self-fertilisation ; whilst the other bears larger and
much more conspicuous flowers plainly 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 a
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. In 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.
It seemed to me a better plan to work out one group
of plants as carefully as I could, rather than to pub-
lish many miscellancous and imperfect observations.
My present work is the complement of that on
Orchids, in which it was shown how admirably these
plants are constructed so as to permit of, or to fayour,
or to necessitate cross-fertilisation. The adaptations

* « Garleners’ Chronicle; 1857, ¢ Anmals and Mag. of Nat. Hist?
p. 725, and 1858, pp. 824 und 844, 3rd series, vol. ii. 1858, p. 462.
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Cmar. I INTRODUCTORY REMARKS. 5

for cross-fertilisation are perhaps more obvious in the
Orehidew than in any other group of plants, but it is
an error to speak of them, as some authors have done,
as an exceptional case. The lever-like action of the
stamens of Salvia (described by Hildebrand, Dr. W.
Ogle, and others), by which the anthers are depressed
and rubbed on the backs of bees, shows as perfect a
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
curious adaptations for cross-fertilisation, The case of
Posoqueria fragrans (one of the Rubiacese), is as won-
derful as that of the most wonderful orchid. The
stamens, according to Fritz Miiller,* are irritable, so
that as soon as a moth visits a flower, the anthers ex-
plode and cover the insect with 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
this same purpose could be specified.

Long before T had attended to the fertilisation of
flowers, a remarkable book appeared in 1793 in Ger-
many, ‘Das Entdeckte Geheimniss der Natur, by
C. K. Sprengel, in which he clearly proved by innumer-
able observations, how essential a part insects play in

 the fertilisation of many plants. But he was in ad-
vance of his age, and his discoveries were for a long
time neglected. Since the appearance of my book on
- Orchids, many excellent works on the fertilisation of
flowers, such as those by Hildebrand, Delpino, Axell,

\ * * Botanische Zeitung,” 1866, p, 129,
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6 INTRODUCTORY REMARKS. Crar. I

and Hermann Miiller,* and numerous shorter papers,
have been published. A list would occupy several
pages, and this is not the proper place to give their
titles, as we are not here concerned with the means,
but with the results of cross-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, T became convinced many years ago that it
isa general law of nature that flowers are adapted to
be crossed, 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 distinet plant. In the
introduction to his book (p. 4) he says, as the sexes
are separated in so many flowers, and as so many other
flowers are dichogamous, “ it appears that nature has
not willed that any one flower should be fertilised by
its own pollen.” Nevertheless, he was far from keeping
this conclusion always before his mind, or he did not

. Snr John thbock has given

en Jnown, vist the flowers of cach
of the

species.  He likewise enters on
new

‘summary
Ehnle -nb;ecc in b - it Wild
o

lowe in relation to
Tnscetns 1875, Hermomn Micrs
work ¢Die Befruchtung der Blu-
men durch Tnsekten,” 1873, con-
hms an imense. numhvr of
original obscrvations and  gene-
ralisations. It is, morcover, in-
valuable as a repertory with re-
ferences 1o almost _everything
which hag been published on the
subject. His work_differs from
that of all others in specifying
what kinds of insects, as far as

by showing not only
that fowers ure adapted for their
own good to the visits of certain
insects; but that the in
themselves are excellently adapted
forprocuring nectar or pollen
from certain flowers. The value
of H. Miiller’s work can hardly be
gver-estimated, ad it is much to

be desired that it nlmu.lll o trans-
lated in
Axell's work is write s\wlm.,
50 that I have not been able
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Cuar. L. 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.
, likewise says :* « It is remarkable in how very
~many cases Sprengel rightly perceived that pollen is
necessarily transported to the stigmas of other flowers
of the same species by the insects which visit them,
and yet did not imagme that this transportation was
of any service to the plants themselves.”
+ Andrew Knight saw the truth much more clearly,
for he remarks,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.”
~ In 1811 Kélreuter plainly hinted at the same law, as
- did afterwards another famous hybridiser of plants,
Herbert.y But none of these distinguished observers
appear to have been sufficiently impressed with the

* ‘Die Befruchtung der Blu-  § Kolrouter, * Mcm. de I'Acad.
men,’ 1873, p. 4. His wordsare: de St. Pétersbourg,” tom. iii. 1809
Exist ig, in wie zahl-  (published 1811), p. 197. After
reichen Fillen 1 richtig  showing how well the Malvacer
erkannte, dass durch die Besuch-  are adapted for cross-fertilisation,
der Bliithenstaub e asks, “ An id aliquid in reccssu
Nothwendigheit auf die Nar- habeat, quod hujuscemodi flores
anderer Bliithen derselben  nunquam proprio suo pulvere, sed
iibertragen wird, ohne auf die  semper o alisrum suw specici

, dassin  impregnentur, merito_quieritur ?
frustra”

Wirkane dor des  Gerte i

i 3 Nutzen des natura nil facit
B i e n . fratra”
el werden misse” . Treatiss on Crossbred Vogo:
bre I Trunsactions,  tables, 1837,

1799, p. 202,
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8 INTRODUCTORY REMARKS. Onar. L.

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 “abhors perpetual self-fertilisa-
tion.” If the word perpetual had been omitted, the
aphorism would have been false. As it stands, I
believe that it is true, though perhaps rather too
stmngly expressed' and I should have added the

ition that the propagation of the
species, whether by self-fertilisation or by cross-fertili-
sation, orasexually by buds, stolons, &e. is of paramount
importance, Hermann Miiller has dome excellent
service by insisting repeatedly on this latter point.

It often occurred to me that it would be advisable
to try whether seedlings from cross-fertilised flowers
were in any way superior to those from self-fertilised
flowers. But as no instance was known with animals
of any evil appearing in a single 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-
cross plants during several successive generations, in
order to arrive at any result. I ought to have re-
flected that such elaborate provisions favouring cross-
fertilisation, as we see in innumerable plants, would
not have been acquired for the sake of gaining a
distant and 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.

I was at last led to make the experiments recorded
in the present volume from the following circumstance,
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For the sake of determining certain points with respect
to inheritance, and without any thought of the effects
of close interbreeding, I mised close together two
large beds of self-fertilised and crossed seedlings from
the same plant of Linaria vulgaris. To my surprise,
the crossed plants when fully grown were plainly taller
and more vigorous than the self-fertilised ones. Bees
incessantly visit the flowers of this Linaria and carry
pollen from one to the other; and if insects are ex-
cluded, the flowers produce extremely few seeds; so
that the wild plants from which my seedlings were
raised must have been intercrossed during all previous
generations. It seemed therefore quite ineredible that
the difference between the two beds of seedlings could
have been due to a single act of self-fertilisation ; and
I attributed the result to the self-fertilised seeds not
having been well ripened, improbable as it was that all
should have been in this state, or to some other
accidental and inexplicable cause. During the next
year, I raised for the same purpose as before two large
beds close together of self-fertilised and crossed seed-
lings 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. o

My attention was now thoroughly aroused, for T could
hardly doubt that the difference between the two beds
was due to the one set being the offspring of crossed,
and the other of self-fertilised flowers. Accordingly T
selected almost by hazard two other plants, which
happened to be in flower in the greenhouse, namely,
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Mimulus luteus and Ipomeea 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 see that in a large majority of cases the crossed
beat the self-fertilised plants. Several of the excep-
tional cases, moreover, in which the crossed plants
were not victorious, can be explained.

It should be observed that I have spoken for the
sake of brevity, and shall continue to do so, of crossed
and self-fertilised seeds, seedlings, or plants; these
terms implying that they are the product of erossed or
self-fertilised flowers. Cross-fertilisation always means
a cross between distinct 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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the flowers touch the net they may be cross-fertilised
by bees, as I have known to happen ; and when the net
is wet the pollen may be injured. I used at first
“white cotton net,” with very fine meshes, but after-
wards a kind of net with meshes one-tenth of an
inch in diameter; and this I found by experience
effectually excluded all insects excepting Thrips, which
no net will exclude. On the plants thus protected
several flowers were marked, and were fertilised with
their own pollen ; and an equal number on the same
plants, marked in a different manner, were at the same
time crossed with pollen from a distinct plant. The
erossed flowers were never castrated, in order to make
the experiments as like as possible to what occurs
under nature with plants fertilised by the aid of
insects. Therefore, some of the flowers which were
crossed may have failed to be thus fertilised, and
afterwards have been self-fertilised. But this and
some other sources of error will presently be discussed.
In some few cases of spontancously 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 oceasion-
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 faken that the seeds were thoronghly
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. S, imes a few would i 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 occasions, from the want of time, the seeds,
instead of being allowed to germinate on damp sand,
were sown on the opposite sides of pots, and the fully
grown plants measured, But this plan is less accurate,
as the seeds sometimes germinated more quickly on
one side than on the other. It was however necessas
to act in this manner with some few species, as certain

@ The Complete Work of Charles Darwin Online



Cuar, L INTRODUCTORY REMARKS. 13

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
yhnted, or the seeds sown, was well mixed, so as to
be 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-
jeeted to more closely similar conditions, than were
my erossed and self-fertilised seedlings, as grown in
the above described manner,

In comparing the two sets, the eye alone was never
trusted. 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_ fally or almost fully grown. But in
some cases, which are always specified, owing to the
want of time, only one or two of the tallest plants on
each side were measured. This plan, which is not a
good one, was never followed (except with the crowded

* This occurred in the plainest germinated ou the bare

‘manner with the sceds of Paparer
n and m,{m.«“ consolida,

with those of

oyl .mau. R Ononia i
tissina. moro than_one
B e e o o oo

iy tlmugh left there for some

ut when these same sceds
were placed on earth in pots, and
covered with a thin layer of sand,
they germinated immediately in
large numbers,
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plants raised from the seeds remaining after the pairs
had been planted) unless the tallest plants on each
side seemed fairly to represent the average difference
between those on both sides. It has, however, some
great advantages, as sickly or accidentally injured
plants, or the offspring of ill-ripened seeds, are thus
eliminated. When the tallest plants alone on each side
were measured, their average height of course exceeds
that of all the plants on the same side taken together.
But 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 calculated 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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them and for the pairs, but have added up all
heights, and thus obtained a single average.
long doubted whether it was worth while to give
n-xement.u of each separate plant, but have
d to do so, in order that it may be seen that the
rity of the crossed plants over the self-fertilised,
ot commonly depend on the presence of two or
extra fine plants on the one side, or of a few
poor plants on the other side. Although several
vers have insisted in general terms on the off-
from intercrossed varieties being superior to
er parent-form, no precise measurements have been
;* andl I have met with no observations on
effects of crossing and self-fertilising the indi-
of the same variety. Moreover, experiments of
kind require so much time—mine having been
ned during eleven years—tha.t they are not

rtilised plants were measured, it was of great impor-
ce to me to learn how far the averages were trust-
4 ﬂlmfoxe uked Mr. Galwn, who has had
in to examine

e of | my tables of measurements, seven in number,
, those of Ipomea, Digitalis, Reseda lutea,
Lhnmthu, Petunia, and Zea. I may premise
we took by chance a dozen or score of men
to two nations and measured them, it would
sume be very rash to form any judgment from
. small numbers on their average heights. But
‘case is somewhat different with my crossed and
tilised plants, as they were of exactly the same

of theso state- and Plants under Domestication,”
b chap, xvil, 20d edit, 1873, vol.
Is ik p. 1
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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.

“I have examined the measurements of the plants with care,
and by many statistieal 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 sclecting one of the shorter series
of plants, say of Zea mays, for an example.”

Zew mays (young plants).

ARRANGED 1 ORDER OF MAGNITUDE,

As recorded by Mr, Darsin, || —

In Scparate Pots, | In a Singlo Series
TR T METIn e ‘ vi. | vio | v
Crossed. | Selffert.| Crossed. | Sef-fet. | rossd. [ Selfert, Difference
Inclies, | Inches, | Inches, | Inches, || Inches. | Inches. | Inches, |
2y | 17 254" 203 || 233 | 20§ | -3}
Potl, 12 208 21 ‘ 20 || 20
gie |20 12 174 2 |
| 18§
22 | 20 48 | ¥20 18§
Pot 11, 19 | 183 | 214 | 18§ 18¢
ai | 18f | o) | 1y 1
22} | 18§ 233 ‘ 18§ | 18
20 | 15§ | 2] | 18 173
PotIL | 18 | 16§ | 21§ | 164 ‘ 16}
21§ | 18" | 20§ | 16§ 16
28} | 163 | 18§ ‘ 15§ || .a§ |
| 15 |
21 18 23 18 ug |
Pot1V, | 22} | 12§ ‘1 224 18 |
a5y | ar 14 ||
12 18 ‘ 12 12§
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ons as T )mved them are shovm in columns IT.

But as soon as we arrange them in the order of

as in columns TV, and V., the case is materially

‘We now see, with few exceptions, that the largest
erossed side in each pot exceeds the largest plant
ed side, that the second exceeds the second,
0N s 0 on. - Out of the fifteen cases in the
re are only two exceptions to this rule. We may
affirm that a crossed series will alwa;

to exceed a self-fertilised series, within the range of
ditions under which the present experiment has been

Pot. | Crossed. S«Ir—m.‘hmeulwe.

187 | 193 | +o3
20p | 19 | -13
2y | 187 | -44
wg | 16 | -3¢

FEFT

as regards the numerical estimate of this excess. The

‘values of the several groups are so discordant, as is shown

the table just given, that a fairly precise numerical estimate

 impossible. But the consideration arises, whether the

‘between pot and pot may not be of much the same

of importance as that of the other conditions upon which

h of the plants has been modified. If so, and only

eondition, it would follow that when all the measur

either of the crossed or the self-fertilised plants,

ed into a single serics, that series would be statistically
The experiment is tried in columns VIL and VIIL,

the regularity is abundantly clear, and justifies us in

idering its mean as perfectly reliable. I have protracted

ents, and revised them in the usual way, by

‘a curve through them with a free hand, but t]m re-

barely modifies the means derived from the original
In the present, and in nearly all the other cases,

‘between the original and revised means is under

of ﬁ-r value. It is a very remarkable coincidence

c
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that in the seven kinds of plants, whose measurements T have
examined, the ratio between the heights of the crossed and o
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
Detween 100 to 76 and 100 to 86.”

“The determination of the variability (measured by what is
technically called the ‘probable error’) is a problem of more
delicacy than that of determining the means, and T doubt, after
making many trials, whether it is possible to derive usefal
conclusions from these few observations. We ought to have

be in a position to deduce fair results. One fact, however,
bearing on variability, is very evident in most cases, though nof
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 fow of the tallest plants that grew in rows, each of

the crossed plants exceed the self-fertilised in height, but they;
do not tell by inference anything about their respective mean
values. If it should happen that a series is known to follow:

is of minor importance; the real difficulty lies in our ignoran
of the precise law followed by the series. The experience
the plants in pots does not help us to determine that law,
because the observations of such plants are too few to enabl
us to lay down more than the middle terms of the series
which they belong with any sort of accuracy, whereas the c
we are now considering refer to one of its extremities. The
are other speeial dificulties which need not be gone into, as 4
one already mentioned is a complete bar.”

Mr. Galton sent me at the same time graphie:
representations which he had made of the measur
ments, and they evidently form fairly regular curye
He appends the words “very good ” to those of Zea an
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He also calculated the average height
‘and self-fertilised plants in the seven
more correet method than that followed
, by including the heights, as estimated
e with statistical rules, of a few plants
before they were measured; whereas I
up the heights of the survivors, and
sum by their number. The difference in
Its is in one way highly satisfactory, for

e heights of the self-fertilised plants, as
ed by Mr. Galton, is less than mine in all the
one, in which our averages are
; and this shows that T have by no means
the superiority of the crossed over the

 heights of the crossed and self-fertilised
taken, they were sometimes cut down
he ground, and an equal number of both
is method of ecomparison gives very
sults, and I wish that it had been oftcner
Finally a record was often kept of any
difference in the rate of germination of the
d self-fertilised seeds,—of the relative periods
of the plants raised from them,—and of
ductiveness, that is, of the number of seed-
s which they produced and of the average
of seeds which each capsule contained.

[ began my experiments I did not intend to
ssed and self-fertilised plants for more than a
ition; but as soon as the plants of the
n were in flower I thought that T would
» more generation, and acted in the following
~Several flowers on one or more of the self-
1y 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 sel-fertilised plants, whether originally
descended from one or two mother-plants, were thus in
each generation as closely interbred as was possible ;
and I could not have improved on my plan. But
instead of crossing one of the crossed plants with
another crossed plant, I ought to have crossed the self-
fertilised plants of each generation with pollen taken
from a non-related plant—that is, one belonging to a
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. I have, however, learnt more by this method
of proceeding, which was begun by an oversight and
then necessarily followed, than if I had always erossed:
the self-fertilised plants of each succeeding generation!
with pollen from a fresh stock.

I have said that the crossed plants of the successive
gencrations were almost always inter-related. When
the flowers on an hermaphrodite plant are crossed
with pollen taken from a distinet plant, the seedlings!
thus raised may be considered as hermaphrodite brothers
or sisters ; those raised from the same capsule being
close as twins or animals of the same litter. But in
one sense the flowers on the same plant are disting
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ls, and as several flowers on the mother-plant
ed by pollen taken from several flowers on
nt, such seedlings would be in one sense
or sisters, but more closely related than
brothers and sisters of ordinary animals.
;s on the mother-plant were, however, com=
ed by pollen taken from two or more dis-
; and in these cases the seedlings might
d with more truth half-brothers or sisters.
o or three mother-plants were crossed, as often
d, by pollen taken from two or three father-
 (the seeds being all intermingled), some of the
of the first generation would be in no way
‘whilst many others would be whole or half-
d sisters. In the second generation a large
the seedlings would be what may be called
first-cousins, mingled with whole and
€ d sisters, and with some plants not at
. So it wonld be in the succeeding genera-
there would also be many cousins of the
more remote degrees, The relationship will
ve become more and more inextricably complex
later generations; with most of the plants in
‘and many of them closely related.

only one other point to notice, but this is one
highest importance; namely, that the crossed
ised plants were subjected in the same
to as nearly similar and uniform conditions as
In the successive generations they were
to slightly different conditions as the seasons
they were raised at different periods. But
respects all were treated alike, being grown
the same artificially prepared soil, being

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

As it is impossible to exclude such minute pollen-
carrying 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 not great danger of the flowers which
were believed to be self-fertilised being afterwards
erossed with pollen brought by Thrips from a distinet
plant. I have said that the danger is mot 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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‘“ same net. If, however, the flowers which
esum bly__le]ffemhsed by me were inany
Is crossed by Thrips with pollen brought
t, crossed seedlings would have
lmmgst the self-fertilised ; but it should
observed that this occurrence would tend
and not to increase any superiority in
ght, fertility, &ec., of the crossed over the
its.

flowers which were crossed were never cas-
is probable or even almost certain that T
failed to cross-fertilise them effectually, and
ey were afterwards spontancously self-fertilised.

their stigmas are ready to be fer-
‘anthers open. But in all cases,
protected from wind, rain, and the
‘any pollen placed by me on the
pe whilst it was immature, would gener-
d there until the stigma was mature ;
0 would then have been crossed as was
Nevertheless, it is highly probable that
d seedlings have sometimes by this means
amongst the crossed seedlings. The effect
in the former case, not to exaggerate
any average superiority of the crossed
1e self-fertilised plants.
rising from the two causes just named, and
uch as some of the seeds not having
ughly ripened, though care was taken to
error—the sickness or unperceived injury of
plants,—will have been to a large extent
d, in those cases in which many crossed and
d plants were measured and an average
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struck. Some of these causes of error will also have
been eliminated by the seeds having been allowed to
germinate on bare damp sand, and being planted in
pairs; for it is not likely that ill-matured and well-
matured, or diseased and healthy seeds, would germi-
nate at exactly the same time. The same result will
have been gained in the several cases in which only a
few of the tallest, finest, and healthiest plants on each
side of the pots were measured.

Kélreuter and Giirtner* have proved that with some
plants several, even as many as from fifty to sixty,
pollen-grains are necessary for the fertilisation of all
the ovules in the ovarium. Naudin also found in
the case of Mirabilis that if only one or two of its
very large pollen-grains were placed on the stigma,
the plants raised from such seeds were dwarfed.
I 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, T 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,t 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 pollcn»gmins was

* ‘Kenntniss der Befruch- lnm ip.or.
tung,’ 1844, p. 345. Naudin, Transactions Dhilosophical
¢ Nouvelles Archives du Muséum,’ Sont 1853, pp. 253-258.
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d on one side of the large stigma in sixty-four
of Ipomeea purpurea, and a great mass of pollen
‘whole surface of the stigma in sixty-four other
T order to vary the experiment, half the
‘both lots were on plants produced from self-
- seeds, and the other half on plants from

ds. The sixty-four flowers with an excess
yielded sixty-one capsules; and excluding
ules, each of which contained only a singlo
d, the remainder contained on an average 507
Is | r capsule.  The sixty-four flowers with only a
ollen placed on one side of the stigma yielded
e capsules, and excluding one from the same
before, the remainder contained on an average
eds. So that the flowers fertilised with little
d rather more capsules and seeds than did
with an excess; but the difference is
be of any significance. On the other
produced by the flowers with an excess
len were a little heavier of the two; for 170 of
e 7967 grains, whilst 170 seeds from the
with very little pollen weighed 79:20 grains.
of seeds having been placed on damp sand
no difference in their rate of germination.
therefore conclude that my experiments were
ffeeted by any slight difference in the amount of

used ; a sufficiency having been employed in

order in which our subject will be treated in
volume is as follows. A long series of ex-
will first be given in Chapters II. to VI.
will afterwards be appended, showing in a con-
form the relative heights, weights, and fertility

of the various crossed and self-fertilised
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species. Another table exhibits the striking result
from fertilising plants, which during several generations
had either been self-fertilised or had been crossed
with plants kept all the time under closely similar
conditions, with pollen taken from plants of a distinet
stock and which had been exposed to different con
ditions. In the concluding chapters various related’
points and questions of general interest will
discussed.

Anyone not specially interested in the subject nee
not attempt to read all the details; though they
possess, I think, some value, and cannot be 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, Orig
num, Viola, or the common cabbage, as in all the
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 plant
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 o
Canna, the want of any superiority in the crossed
plants can be explained.

Species were selected for experiment belonging
widely distinct families, inhabiting various countries
In some few cases several genera belonging to th
same family were tried, and these are grouped toge
ther; but the families themselves have been arrang
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 bisexual animals, and are there
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I 21t on the naturo and extent
?ni effects of crossing, and on the evil effects

Jinterbreeding or self-fertilisation. The most
a lusion at which I have arrived is that
of erossing by itself does no good. The
on the individuals which are erossed
htly in econstitution, owing to their pro-
g been subjected during several genera-
htly different conditions, or to what we
ignorance spontancous variation. This
‘as we shall hereafter see, is closely con-
\ various important physiological problems,
derived from slight changes in the
‘and this stands in the closest con-
itself. Tt throws light on the origin of
1 their separation or union in the
d lastly on the whole subject of
one of the greatest obstacles to the
and progress of the great principle

 avoid misapprehension, T beg leave to
ghout this volume a crossed plant,
means one of crossed parentage, that
d from a flower fertilised with pollen
plant of the same species. And that
plant, seedling, or seed, means one
that is, one derived from
ed. with pollen from the same flower,
es, when thus stated, from another flower
plant.

g

hHe Complete Work of Charles Darwin Online



28 TPOMEA PURPUREA. Cuar. T,

CHAPTER II
CONVOLVULACER.
Ipomea purpurea, comparison of the height, and fertility of the

crossed and sel-fertilised plants during ten successive generntions
—Greater_constitutional vigour of the crossed plants—The effeots.

a fresh stock—The descendants of the self-fertilised plant nam
Hero—Summary on the growth, vigour, and fertility of the sues;
cessive crossed and self-fertilised generations—Small amount,
pollen in the antiers of the self-fertilised plants of the later gen
tions, and the sterility of their first-produced flowers—Unifo
colour of the flowers produced by the self-fertilised plants—Th
advantage froma cross between two distinet plants depends on their
differing in constitution.

A PLANT of Ipomewa purpurea, or as it is often called i
England the' convolvulus major, a native of Sout
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 o
with pollen from a distinct plant. The fertilisation
the flowers with their own pollen was superfluous,
this convolvulus is highly self-fertile; but I acted
this manner to make the experiments correspond in
respects.  Whilst the flowers are young the sti
projects beyond the anthers; and it might have
thought that it could not be fertilised without the ai
of humble-bees, which often visit the flowers; but
the flower grows older the stamens increase in len,
and their anthers brush against the stigma, which ths
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some pollen. The number of seeds produced
erossed and self-fertilised flowers differed very

and self-fertilised seeds obtained in the above

er were allowed to germinate on damp sand, and as often

mmud at the same time they were planted in the

- deseribed in the Introduction, on the opposite sides of

Five pairs were thus planted ; and all the remaining

or not in a state of germination, were planted on

sides of a third pot, so that the young plants on

were here greatly crowded and exposed to very

of iron or wood of equal diameter

n to all the plants to twine up; and as soon as one of

* reached the summit both were measured. A single

ed on each side of the crowded pot, No. IIL, and
plant on each side was measured.

 Tasie L (First Generation.)

Seedlings from | Secdlings from
ot e et
3 Inches, | Inches,
87 69
cd 71 66
89 3
ST 88 684
87 60§
L 7 57
i ‘
ed o each side. - [
in inches. 516 T,

height of the six crossed plants is here 86 inches,
 the six self-fertilised plants is only 65°66 inches,
0 plants are to the self-fertilised in height as
be observed that this difference is not due
‘plants being extremely tall, or to a few of
being extremely short, but to all the crossed
-m height than their antagonists. The
1. were measured at two earlier periods, and
sometimes greater and sometimes less than that

£

\
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at the final measuring. But it is an interesting fact, of which I
have seen several other instances, that one of the self-fertili
plants, when nearly a foot in height, was half an inch taller than,
the crossed plant; and again, when two feet high, it was 13 0
an inch taller, but during the ten subsequent days the cro
plant began to gain on its antagonist, and ever afterward asserte
its supremacy, until it exceeded its self-fertilised opponent by
16 inches.

The five crossed plants in Pots 1. and IT. were covered with &
net, and produced 121 capsules; the five self-fertilised plant
produced eighty-four capsules, so that the numbers of capsule
were as 100 to 69. Of the 121 capsules on the crossed plant
sixty-five were the product of flowers erossed with pollen from
distinet plant, and these contained on an average 523 seeds p
capsule; the remaining fifty-six capsules were spontaneor
self-fertilised. Of the cighty-four capsules on the self-fertilise
plants, all the product of renewed self-fertilisation, fifty-fi
(which were alone examined) contained on an average 4'8
seeds per capsule. Therefore the cross-fertilised capsules, cons
pared with the self-fertilised capsules, yielded sceds in
proportion of 100 to 93. The crossed seeds were relative
heavier than the self-fertilised seeds. Combining the abo
data (i.c., number of capsules and average number of con
seeds), the crossed plants, compared with the self-fert
yielded seeds in the ratio of 100 to 64.

These crossed plants produced, as already stated, fifty-si
spontancously self-fertilised capsules, and the self-fertil
plants produced twenty-nine such capsules. The former con
tained on an average, in comparison with the latter, seed
in the proportion of 100 to 99.

In Pot 1L, on the opposite sides of which a large number o
erossed and self-fertilised seeds had been sown and the see
lings allowed to struggle together, the crossed plants had
first no great advantage. At one time tho tallest crossed
95} inches high, and the tallest self-fertilised plants 213.
the difference afterwards became much greater. The plants o
both sides, from being so crowded, were poor specimens.
flowers were allowed to fertilise themselves spontaneously und
a net; the crossed plants produced thirty-seven capsules,
self-fertilised plants only eighteen, or as 100 to 47. The form
contained on an average 3°62 seeds per capsule; and the latfe
338 seeds, or as 100 to 93. Combining these data (i.c., numl
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mumber of seeds), the erowded crossed

compared with the self-fertilised as 100

Thowever, were decidedly heavier, a

 41°64 grains, than those from the capsules

of which a hundred weighed 8679 grains;

‘was due to the fewer capsules borne by the

s having been better nourished. We thus see

in this the first generation, when grown

ons, and when grown under unfavour-

m being much erowded, greatly exceeded in

he » number of capsules produced, and slightly
per capsule, the self-fertilised plants.

Plants of the Second Generation.—

plants of the last generation (Table 1.)

from distinet plants of the same genera-

 self-fertilised plants were fertilised by

The seeds thus produced were

, as before, and we have in Table II.

(Second Generation.)

Crosed Plants. | Selffertlined Plants,

q 87 67

] 83 ass
o 8 80
B 85, 61

3 8 7
7y 41
h 505 398

.
single crossed plant is taller than its anta-
plant in Pot I, which ultimately
Theight of 804 inches, was for a long time
erossed plant, though at last beaten by
of the ix crossed plants is 84-16 inches,
plants is 66-33 inches, or

Plants of the Third Generation.—Sceds
of the last generation (Table IL.) again
i -

S

nlete Work of Charles Darwin Online



32 IPOM@A PURPUREA. Cuar, IL

crossed, and from the self-fertilised plants again self-fertilised,
were treated in all respects exactly as before, with the following
result :—

TasLk IIL (Zhird Generation.)

No. of Pot. Crossed Plants. Self-fertilised Plants.
Tnches, Inches,
L T+ 564
72 514
‘ 34 54
I 82 59
81 80
82 66
Total inches. ‘ 4645 817°0

Again all the crossed plants are higher than their antagonists :
their average height is 77-41 inches, whereas that of the self-
fentilised is 5283 inches, or as 100 to 6S.

T attended closely to the fertility of the plants of this third
generation. Thirty flowers on the crossed plants were crossed
with pollen from other crossed plants of the same gencration,

average, 4-73 sceds; whilst thirty flowers on the self-fortilised
‘plants, fertilised with the pollen from the same flower, produced
twenty-three capsules, each containing 4°43 seeds. Thus the
average number of sceds in the crossed capsules was to that in
the self-fertilised 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 3763 grains. Many of these lighter
self-fertilised seeds placed on damp sand germinated before the
crossed; thus thirty-six of the former germinated whilst only
thirteen of the ltter or crossed seeds germinated. In Pot I.
the 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
141 seeds; whilst the three self-fertilised plants produced
spontaneously (besides the twenty-three artificially self-fertilised
capsules) only twenty-nine self-fertilised capsules e
an average 4°14 seeds. Therefore the average number of seeds
in the two lots of spontancously self-fertilised ‘capsules was as
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1094 Taking into consideration the number of capsules
ther with the average number of seds, the crossed plants
ilised) produced seeds in ison with
plants (; If-fertilised) in the
roportion of 100 to 85. By whatever method the fertility of
hese plants is compared, the crossed are more fertile than the
self-fertilised plants.
1 tried in several ways the comparative vigour and powers of
owth of the crossed and self-fertilised plants of this third
ration.  Thus, four self-fertilised seeds which had just
minated were planted on one side of a pot, and after an in-
ral of forty-cight hours, four crossed seeds in the same state
germination were planted on the opposite side; and the pot
kept in_ the hothouse. I thought that the advantage thus
to the self-fertilised seedlings would have been so great
it they would never have been beaten by the crossed ones.
ey were not beaten until all had grown to a height of 18
es; and the degree to which they were finally beaten is
nin the following table (No, IV.). We here see that the
erage height of the four crossed plants is 7662, and of the
self-fertilised plants 6587 inches, or as 100 to 86; there-
less than when both sides started fair,

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

of Pot. Self-ertilised Plants.

Tnches,
. 734
53
614
754

Total inches. 2635

Crossed and self-fertilised seeds of the third generation were
0 sown out of doors late in the summer, and therefore under
favourable conditions, and a single stick was given to each
ob of plants to twino up. The two lots were sufficiently
separate 50 as not to interfere with each other’s growth, and the
ground was clear of weeds. As soon as they were killed by the

6 frost (and there was no difference in their hardiness), the
o tallest crossed plants were found to be 24+5and 225 inches,
3 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 covered with
woeds. The crossed seedlings from the first looked the most
Loalthy, but they twined up a stick only to a height of 7} inches;
whilst the self-fertilised were not able to twine at all ; and the
tallest of them was only 84 inches in height.

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

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

Tasie V. (Fourth Generation.)

Pt | Cromed Plants, | Selferlised Plante
Inches. Inches.
7 84 80
47 443
1. | 83 733
| 59
. | 82
653
| 68 |

Total inches. | 4885 4210

Here the average height of the seven erossed 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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grown vigorously, as was shown by their general ap-
ince and from several of them never reaching the summits
rods. In Pot IT,, one of the self-fertilised plants was for
long time taller by two inches than its opponent, but was
Itimately beaten by it, so that all the crossed plants exceeded
opponents in height. Of twenty-eight capsules produced
 the crossed plants fertilised by pollen from a distinet plant,
contained on an average 475 seeds; of twenty-seven self-
ed eapsules on the self-fertilised plants, each contained
n averago 4-47 seeds; so that the proportion of seeds in the
ossed and self-fertilised capsules was as 100 to 94.
@ of the same seeds, from which the plants in the last
able V. had been raised, were planted, after they had germi-
d on damp sand, in a square tub, in which a large Brug-
had long been growing. The soil was extremely poor
full of roots; six crossed sceds were planted in one corner,
six self-fertilised seeds in the opposite corner. All the
from the latter soon died excepting one, and this grew
¢ height of only 1} inches. Of the crossed plants three
ived, and they grew to the height of 2} inches, but were not
o twine round  stick; nevertheless, to my surprise, they
ed some small miserable flowers. The grossed plants
had a decided advantage over the self-fertilised plants
this extremity of bad conditions.
ed and selffertilised Plunts of the Fifth Generation—These
raised in the same manner as before, and when measured
@ the following results:—

Taste VL (Fifth Generation.)

No. of Pot. Crossed Plants,

Self-fertilised Plants.

o averago height of tho six crossed plants is 82-54 fuches,
¥ D2
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and that of the six self-fertilised plants 6233 inches, or as 100
to75. Every crossed plant exceeded its antagonist in height.
In Pot 1. the middle plant on the crossed side was slightly
injured whilst young by a blow, and was for a time beaten by
its opponent, but ultimately recovered the usual superiority.
The crossed plants produced spontaneously a vast number more
capsules than did the self-fertilised plants; and the capsules of
the former contained on an average 387 seeds, whilst those of
the latter contained only 30 per capsule, or as 100 to 89, But
looking only to the artificially fertlised capsules, those on the
crossed plants again crossed contained on an average 4'46
sl e o) e et e e
fertilised contained 477 sceds; so that the self-fertilised cap-
sules were the moro fertile of the two, and of this unusual fact
1 can offer no explanation,

Crosed and. self-fertilised Plants of the Sixth Generation—
These were raised in the usual manner, with the following result.
1 should state that there were originally eight plants on cach
side; but as two of the self-fertilised became extremely un-
healthy and ever grew to near their full height, these as well
as their opponents have been struck out of the list. If they had
been retained, they would have made the average height of the
crossed plants unfairly greater than that of the self-fertilised.
1 have acted in the same manner in a few other instances, when
one of a pair plainly became very unhealthy.

Tapig VIL (Siath Generation.)

No, of Pot. Crossed Plants, | Self-ertilised Plants,
Inches. Inches.
L 95 504
91 65
1. 7 50
. 86} 87
88 62
L 874 64}
Total inches, 525 879

The average height of the six crossed plants is here 875, and
of the six self-fertilised plants 63-16, 0ras 1000 72. This large
difforence 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 be inferred with respect to their
zelative fertility. In this generation we have the first instance
of a self-fertilised plant in Pot I1. exceeding (though only by
‘half an inch) its crossed opponent. This victory was fairly won
aftera long struggle. At first the self-fertilised plant was several
inches taller than its opponent, but when the latter was 4
feot high it had grown equal; it then grew a little taller than
 the self-fertilised plant, but was ultimately beaten by it to the
 extent of half an inch, as shown in the table. I was so much
surprised at this case that I saved the self-fertilised seeds of
this plant, which I will eall the “ Hero,” and experimented on
its descendants, as will hereafter be deseribed.

. Besides the plants included in Table VIL, nine crossed and
nine self-fertilised plants of the same lot were raised in two
Other pots, IV. and V. These pots had been kept in the hot-

i but from want of room were, whilst the plants were
suddenly moved during very cold weather into the
st part of the greenhouse. They all suffered greatly, and
quite recovered. After a fortnight only two of the nine
fertilised scedlings were alive, whilst seven of the crossed
ived. The tallest of these latter plants when measured was
7 inches in height, whilst the tallest of the two surviving self-
ertilised plants was only 32 inches. Here again we see how much
e vigorous the crossed plants are than the self-fertilised.
Crossed and self-fertilised Plants of the Seventh Generation.
les0 were raised as heretofore with the following result:—

TaBLE VIIL (Sevmth Generation.)
AR T TR,

L 84 |

I

IIL

“Total inches.

|
|
|
|
|
|

75550 |

61425

@ The Complete Work of Charles Darwin Online



38 TPOM@A PURPUREA. Cnar. 11

Each of these nine crossed plants is higher than its opponent,
though in one case only by three-quarters of an inch. Their
average height is 83-04 inches, and that of the self-fertilised
plants 6825, or as 100 to 81. These plants, after growing to
their full height, became very unhealthy and infested with
aphides, just when the seeds were setting, so that many of the
clpmlm failed, and nothing can be said on their relative
fertility.

Chossed and self-fertilised Plants of the Eighth Generation.—As
just stated, the plants of the last generation, from which the
present ones were raised, were very unhealthy and their seeds
of unusually small size; and this probably accounts for the two
lots behaving differently to what they did in any of the pre-
vious or succeeding generations. Many of the self.fertilised
seeds germinated before the crossed ones, and these were of
course rejected. When the crossed seedlings in Table IX. had
grown to a height of between 1 and 2 feet, they were all, or
almost all, shorter than their self-fertilised opponents, but were
not then measured. When they had acquired an average height
of 82:28 inches, that of the self-fertilised plants was 40°68, or
as 100 to 122 Moreover, every one of the sclf-fertilised plants,
with a single exception, exceeded its crossed opponent. When,
however, the erossed plants had grown to an average height of
7756 inches, they just exceeded (viz., by *7 of an inch) the
average height of the self-fertilised plants; but two of the latter
were still taller than their crossed opponents. I was so much
astonished at this whole case, that I tied string to the summits
of the rods ; the plants being thus allowed to continue elimbing.
upwards. When their growth was complete they were un-
twined, stretched straight, and measured. The crossed plants
had now almost regained their accustomed superiority, as may.
e seen in Table IX.

The average height of the cight crossed plants is here 11325
inches, and that of the self-fertilised plants 96-65, or as 100 to
85. Nevertheless two of the self-fertiliscd plants, as may be seen
in the table, were still higher than their crossed opponents.
The latter manifestly had much thicker stems and many more
lateral branches, and looked altogether more vigorous than the
self-fertilised plants, and generally flowered before them.
earlier flowers produced by these self-fertilised plants did
set any capsules, and their anthers contained only a
amount of pollen; but to this subject I shall return. Neverth

@ The Complete Waork of Charles Darwin Online



Cuar, I CROSSED AND SELF-FERTILISED PLANTS., 39

 less capsules produced by two other self-fertilised plants of the
same lot, not included in Table IX., which had been highly
favoured by being grown in separate pots, contained the large
average number of 51 seeds per capsule.
R Tasue IX. (Lighth Generation.)

b No. of Pot. * Crossed Plants. | Self-fertilised
Ine
s 111§
127 54
130§ | 934
1L 974 94
| 894 1254
1. 103 | 115,
100 | 841
147 | 109§
Total inches. 908:25 ‘ 773°25

' Cuossed and self-fertilised Plauts of the Ninth Generation.—
plants of this generation were raised in the same manner

‘a8 before, with the result shown in Table X
The fourteen crossed plants average in height 8139 inches
d the fourteen self-fertilised plants 64-07, or as 100 to 79.
One self-fertilised plant in Pot IIL. exceeded, and one in Pot IV.
d in height, its opponent. The self-fertilised plants
owed no sign of inheriting the precocious growth of their
uts; this having been due, as it would appear, to the
mal state of the seeds from the unhealthiness of their
ts. The fourteen self-fertilised plants yielded only forty
taneously self-fertilised capsules, to which must be added
n, the product of ten flowers artificially self-fertilised. On
other hand, the fourteen crossed plants yielded 152 spon-
v self-fortilised capsules; but thirty-six flowers on these
ts were crossed (yielding thirty-three capsules), and these
ers would probably have produced about thirty sponta-
ly self-fertilised capsules. Therefore an equal number
e crossed and self-fertilised plants would have produced
in the proportion of about 182 m47 Koo 100 to 26.

was well
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namely, that most of the flowers on the self-fertilised plants
were somewhat monstrous. The monstrosity consisted in the
corolla being irregularly split so that it did not open properly,
with one or two of the stamens slightly foliaceons, coloured,
and firmly eoherent to the corolla. I observed this monstrosity
in only one flower on the crossed plants. The self-fertilised

. plants, if well nourished, would almost.certainly, in a few more
generations, have produced double flowers, for they had already
become in some degree sterile.*

Tasie X. (Ninth Generation.)

No. of Pot. Crossed Plants. | Self-fertilised Plants.
Inches. z Inches,
L 83, 57
8 71
83§ 481
1. | 83§ 45
| 64 43¢
| 64 98
[ 79 63
88} 7
61 894
v, 82 824
| 90‘ 765
V. 89 67
Crowded plants. 92 743
92 70
Total inches, | 11395 87°0

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

* See on this subject  Variation ~ Domestication,’ chap, xviii,
of Animals and Plants under edit. vol. ii. p. 152,
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TapLE XL (Zenth Generation.)

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

Toches. Tnches.

i 92§ 47
¥ 944 343
1L 87 544
89§ 493
105 66§

Total inches. 685

The five crossed plants average 937 inches, and the five self-
- fertilised only 504, or as 100 to 54. This difference, however,
i 50 great that it must be looked at.as in part accidental, The
six crossed plants (the diseased one here included) yielded spon-
taneously 101 capsules, and the six self-fertilised plants 88,
the latter being chiefly produced by one of the plants. But as
 thediseased plant, which yielded hardly any seed, is here included,
 the ratio of 101 to 88 does not fairly give the relative fertility of
the two lots. The stems of the six erossed plants looked so
‘much finer than those of the six self-fertilised plants, that after
the capsules had been gathered and most of the leaves had fallen
off, they were weighed. Those of the crossed plants weighed
2,693 grains, whilst those of the self-fertilised plants weighed
Conly 1,173 grains, or as 100 to 44; but as the diseased and
crossed plant is here included, the superiority of the
former in weight was really greater.

The Effects orithe Offspring of erossing different Flowers
the sume Plant, instead of crossing distinet Individuals.
-In all the foregoing experiments, scedlings from

s crossed by pollen from a distinet plant (though
the later generations more or less closely related)
put into competition with, and almost invariably
ed markedly superior in height to the offspring
self-fertilised flowers. T wished, therefore, to
n whether a cross between two flowers on the
plant would give to the offspring any superiority

© The Complete Work of Charles Darwin Online



42 IPOM(EA PURPUREA. Cuar. IL

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-
tinet 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 grains.
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 4261 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 so, were
sown on the opposite sides of a large pot (No. X.);
and the four tallest plants on each side of this pot
were measured. The result is shown in the following
table :—

The average height of the thirty-one crossed plants is
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-fertilised
plants exceed their opponents. A record was kept with
respect to the plant which flowered first in each pot;
and only two of the crossed flowered before one of the
self-fertilised in the same pot; whilst eight of the self-
fertilised flowered first. It thus appears that the
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Tasie XIL
No.ofbot. |  Croed Piants, | Selffertiied Plants.
Inches, Inches,
L .82 778
75 87
685 64
76 873
1. 784 84
43 864
654 90}
L. 613 86
8 694
89 874
Iv. 83 80
734 88
67 84§
v. 8 664
76§ i
57 81
VI 704 80
79 824
798 554
Vi % 77
844 834
79 3§
Vil 3 64
87 82
83 04
Ix 734 84
8 674
X 34 824
Crowded plants, 82 351
848 69
a1 75§
Total inches. 2270°25 | 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 204 ounces; and this gives a ratio of
100 to 124.

A self-fertilised plant of the same parentageas those
in Table XIL had been raised in a separate pot for a
distinet purpose; and it proved partially sterile, the
anthers containing very little pollen. Several flowers
on this plant were crossed with the little pollen which
could be obtained from the other flowers on the same
plant ; and other flowers were self-fertilised. From the
seeds thus produced four crossed and four self-fertilised
plants were raised, which were planted in the usual
manner on the opposite sides of two pots. All these
four crossed plants were inferior in height to their
opponents ; they averaged 7818 inches, whilst the
four self fertilised plants averaged 84°8 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 won-
derful contrast with those derived from a cross between
two distinet individuals.

* From one of these self-ferti- ~ an average only 3-2 seeds
Yised plants, spontansoasly selr-  capeules oo thay s piant, had
fertliod, T guthered twenty.four - appurently inherited somo of the
capsules, and they contained on  sterility of its parent, .
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The Efiects on the Offspring of @ Cross with a distinet
or fresh Stock: belonging to the same Varioty—From the
two foregoing series of experiments wo see, firstly, the
good effects during several successive generations of
a cross between distinet plants, although these were
in some degree inter-related and had been grown
under nearly the same conditions ; and, secondly, the
absence of all such gool effects from a cross between

- flowers on the same plant; the comparison in both

eases being made with the offspring of flowers fortilised
with their own pollen. The experiments now to be
given show how powerfully and beneficially plants,
which have been intercrossed during many successive
generations, having been kept all the time under
nearly uniform conditions, are affected by a cross with
another plant belonging to the same variety, but to a
distinct family or stock, which had grown under dif-
ferent conditions.

Several flowers on the crossed plants of the ninth generation
inTable X., were crossed with pollen from another crossed plant
of the same lot. The scedlings thus raised formed the tenth
intercrossed generation, and T will call them the * intercrossed
plants.”  Several other flowers on the same crossed plants of
the ninth generation were fertilised (not having been castrated)
m pollen taken from plants of the same variety, but belonging
distinct funily, which had been grown in a distant gurden

and therefore under!

The eapsules produced by this cross eonumed, to my surprise,
fewer and lighter seeds than did the capsules of the intererossed
ts; butthis, T think, must have been accidental. The seed-
raised from them T will call the  Colclester-crosed.” The

Tots of seeds, after germinating on sand, were planted in
usual manner on the opposite sides of five pots, and the
ining sceds, whether or not in a state of germination,
thickly sown on the opposite sides of a very large pot,

I, three of the six pofs, after the
plants had twined a short way up their sticks, one of the
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Colehester-crossed plants was much taller than any one of
the intercrossed plants on the opposite side of the same pot;
and in the three other pots somewhat taller. I should state
that two of the Colehester-crossed plants in Pot IV., when
about two-thirds grown, beeame much diseased, and were,
together with their intercrossed opponents, rejected. The
remaining nineteen plants, when almost fully grown, were
‘measured, with the following result:—

TasLe XL
Colchestr-crosed|ntercrossed Plats of
No.of Pot. Planis, | the Tenth Genemton
A Inches. Tlnche.
L 87 ‘ 78
874 684
851 | 944
. 93¢ 60
854 873
90} 158
1L 843 70}
928 814
8 851
v. 95 65
V. %0 854
864 63
84 62
VI 904 43
Crowded plants in a 7% 39
ery large pot. 7 30§
83 8
] 5
65 | 18g
Tl inches. | 150850 } 124075

1In 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 65°78 inches; or as 100 to 78, With respect
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1o the fertility of the two lots, it was too troublesome to collect
and count the capsules on all the plants; so T selected two of
the best pots, V. and VL, and in these the Colchester-crossed
‘produced 269 mature and half-mature capsules, whilst an equal
number of the intercrossed plants produced only 154 capsules ;
oras 100 to 57. By weight the capsules from the Colchester-
. crossed plants were to those from the intererossed plants as

100 to 51; so that the former probably contained a somewhat

average number of sceds.

We learn from this important experiment that
- plants in some degree related, which had been inter-
- erossed during the nine previous gencrations, when they

were fertilised with pollen from a fresh stock, yielded
seedlings as superior to the seedlings of the tenth
intercrossed generation, as these latter were to the self-
fertilised plants of the corresponding generation. For
if we look to the plants of the ninth generation in
Table X. (and these offer in most respects the fairest
standard of comparison) we find that the intercrossed
plants were in height to the self-fertilised as 100 to 79,
‘and in fertility as 100 to 26; whilst the Colchester-
cerossed plants are in height to the intercrossed as 100
0 78, and in fertility as 100 to 51,

The Descendants of the self-fertilised Plant, named Hero, which
ared in the Sizth sel dised ion.—1In the i

before the sixth, the crossed plant of each pair was faller
i ifs self-fertilised opponent; but in the sixth generation
VIL, Pot IL) the Hero appeared, which after a long and
bions struggle conquered its crossed opponent, though by
ly half an inch. I was so much surprised at this fact, that
1 resolved to ascertain whether this plant would transmit
powers of growth to its seedlings. Several flowers on

were therefore fertilised with their own pollen, and the
llings thus raised were put into competition with self-fer-
and intercrossed plants of the corresponding generation,

e lots of scedlings thus all belong to the seventh genera-
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tion. Their relative heights are shown in the two following
tables :—

Tasie XIV.
o of Pot. o
o
raon, Chidre of o
e i e
L 74 894
80 61
559 49
1. 92 82
9 56
74 38
Total inches. 447°25 87550

The average height of the six self-fertilised children of Hero
is 74°54 inches, whilst that of the ordinary self-fertilised plants
of the corresponding generation is only 62°58 inches, or as 100
to 84,

TasLe XV,

ST Pt 1o s o
o e of | e Sy Geoe:
o

Total inches. 26675 25250

Hero the average height of the threo self-fertilised children of
Hero is 8891 inches, whilst that of the intercrossed plants is
84-16; or as 100 to 95. We thus see that the self-fertilised
children of Hero certainly inherit the powers of growth of their
parents; for they greatly exceed in height the self-fertilised
offspring of the other self-fertilised plants, and even exceed
by a trifle the intercrossed plants,—all of the corresponding
generation,
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~_ Soveral flowers on the self-fertilised children of Hero in Table
XIV. were fertilised with pollen from the same flower; and from
the seeds thus produced, self-fertilised plants of the eighth
 generation (grand-children of Hero) were raised. Several other
flowers on the same plants were crossed with pollen from the other
children of Hero. The seedlings raised from this cross may be
 considered as the offspring of the union of brothers and sisters.
~ The result of the competition between these two sets of seedlings
(namely self-fertilised and the offspring of brothers and sisters)
is given in the following table:—

'DESCENDANTS OF HERO.

TasLe XVL

Sttt Graod. | Grandebtare from
children of Hero, cross between the self.
No.of Pot. from the Self-ferdlised Tortlised Children of
la g ene-
Generation, ration.
T Inche. Inches. |
ot 86¢ 95§
90§ 95§
I 9% 85
it} 93
L 3 861
66 827
844 708
. 881
84
363
L
90}
90§
Total inches. | 1037:00
|

The average height of the thirteen self-fertilised grandchildren
‘Hero is 7976 inches, and that of the grandchildren from a
Detween the self-fertilised children is 74°85; or as 100 to 94.
in Pot IV. one of the crossed plants grew only to a height of
) inches; and if this plant and its opponent are struck out, us
Do the fairest plan, the average height of the crossed
execeds only by a fraction of an inch that of the self-forti-
b E
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lised plants, It is therefore clear that a cross between the self-
fertilised children of Hero did not produce any beneficial effect
worth notice; and it is very doubtful whether this negative result
can be attributed merely to the fact of brothers and sisters having
been 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
ion adapted for i

It would appear that the self-fertilised descendants of Hero
have not only inherited 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 XVI. (the cighth 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 a
safe average) contained 5°2 seeds per capsule,—a higher average
than was observed in any other case with the self-fertilised plants.
The anthers produced by these self-fertilised grandchildren were
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 of Hero were slightly
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, spontaneously produced
by the great-grandehildren 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
Table XVI. were fertilised with pollen from the same flower; and
the seedlings raised from them (great-grandchildren of Hero)
formed the ninth self-fertilised generation. Several other flowers
were crossed with pollen from another grandehild, so that they
may be considered as the offspring of brothers and sisters, and the
seedlings thus raised may be called the infercrossed great-grand-
children. And lastly, other flowers were fertilised with pollen
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from a distinct stock, and the seedlings thus raised may bo
called the Colchester-crossed great-grandchildren. In my anxiety
to see what the result would be, I unfortunately planted the
three lots of seeds (after they had germinated on sand) in the
hothouse in the middle of winter, and in consequence of this the
seedlings (twenty in number of cach kind) became veryunhealthy,
some growing only a fow inches in height, and very few to their
proper height. The result, therefore, cannot be fully trusted ;
and it would be useless to give the measurements in detail. In
order to strike as fair an average as possible, I first excluded all
the plants under 50 inches in height, thus rejecting all the most
unhealthy plants. The six self-fertilised thus left were on an
averago 6686 inches high; tho eight intercrossed plants 63-2
high; and the seven Colchester-crossed 6537 high; so that
there was not much difference between the three sets, the self-

fertilised plants having a slight advantage. Nor was thero any

great difference when only the plants under 36 inches in height

wero excluded. Nor again when all the plants, however much
 dwarfed and unhealthy, were included. In this latter caso the
Colehester-crossed gave the lowest average of all; and if these
plants had been in any marked manner superior to the other
two lots, as from my former experience 1 fully expected they
would have been, T cannot but think that some vestige of such
 superiority would have been evident, notwithstanding the very
unhealthy condition of most of the plants. ‘Noadvantage, as far
as we can judge, was derived from intercrossing two of the
grandchildren of Hero, any more than when two of the children
wero crossed. It appears thereforo that Heroand its descendants
have varied from the common type, not only in acquiring great
‘power of growth, and inereased fertility when subjected to self-
fertilisation, but in not profiting from a cross with a distinet
stock; and this latter fact, if trustworthy, is a unique case, as
fur as T havo observed in il my experiments.

ﬂummwy on the Growth, Vigour, and Fertility of the
 successive Generations of the crossed and. self-fertised
 Plants of Ipomeea purpurea, together with some niiscel-
~ laneous Observations.

~ In the following table, No. XVIL., we see the average
r 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 -
66°02 inches, or as 100 to 77.
Tasie XVIL
Ipomaa purpurea.  Summary of Measurements (in Inches) of
the Ten Generations.

Averago | Ratio between
[ mum |ur e tieghi'r| " wverge
Selicferth  Helghta of

Plants. | Plats. | Self-terilised
Plants.

Firstgeneration . . .| 6 |86-00| 6 | 6566 [as100to 76
Table 1. | r

Second generation . . | 6 | 84:16 | 6 | 6633 as 100 to 79
Table 11, [

Third generation. . . |
‘Table

i 6 | 7741 | 6 | 5283 jas 100 to 68

6014 - 100 to 86

-
2
-
E
-

|
|
Fifth generation . l
[
|
|

6 [8254( 6 |62:88 ns100 to 75
ble V1. [
Sixth generstion. . | 6| 87°50 | 6 | 63716 100 t0 72
Table VIi.
‘venth gemeration ° 8394 | 9 | 68°25 as 100 to 81
Table VIIL. |
Eighth generation 8 [118'25 | 8 | 0665 s 100 to 85
Table 1X, | |
Ninth generation . . | 14 | 81-30 | 14 | 64-07 s 100 to 79
Table X.
® 5

Tenth generation
Table

93°70 5 50°40 as 100 to 54
= B

A1l the ten gnertions
taken toget

73 | 85084 1 3 ‘ 6602 |as 100 0 77
|
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The mean height of the self-fertilised plants in
each of the ten generations is also shown in the
accompanying diagram, that of the intercrossed plants
being taken at 100; and on the right side we seo
the relative heights of the seventy-three intercrossed
- plants, and of the seventy-three self-fertilised plants.
The difference in height between the crossed and

e
I enirarion Ea T g

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

self-fertilised plants will perhaps be best appreciated
by an illustration : If all the men in a country were
~ on 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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It 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 opy 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 nothing, as each pair was measured as
soon as one of them had twined up to the summit
of its rod. The great difference in the tenth genera-
tion, viz., 100 to 54, no doubt was partly accidental,
though, when these plants were weighed, the differ-
ence was even greater, viz., 100 to 44. The smallest
amount of difference occurred in the fourth and the
eighth generations, and this was apparently due to
both the crossed and self-fertilised plants having
become unhealthy, which prevented the former attain-
ing their usual degree of superiority. This was an
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£

but my experi were.
not thus vitiated, as both lots of plants were exposed
to the same conditions, whether favourable or un-
favourable.

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

* Verlot says (‘Sur In Produc- color, cannot be kept pure unless
des Variétes’ 1865, p. 66) grown at a distance from all other
certain yariefios of u closely  varioties,

plant, the Convolvulus 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 oceasions in various ways; namely, by exposing
them, while young, to a low temperature or to a
sudden change of tempemmre, or by gruwmg them,
under very in
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 Flants

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 . . 100 to 93
Fifty-six spontancously 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 seeds in the proportion of . 100 to 99
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g the total number of capsules produced
by these plants, and the average number of seeds in
‘ch the above crossed and self-fertilised plants
seeds in the proportion of . 100 to 64
Other plants of this first gencration grown under
unfavourable conditions and spontaneously self-ferti-
lised, yielded seeds in the proportion of . 100 to 45
Third Generation of crossed and self-fertilised Plants,
—Crossed capsules compared with self-fertilised cap-
sules contained seeds in the ratio of . 100 to 94
An equal number of crossed and self- femlmed
plants, both spontaneously self-fertilised, produeed
les in the ratio of . . 100 to 38
And these capsules contained seads in t'he rnho of 100 to 94
Combining these data, the productiveness of the
crossed to the self-fertilised plants, both spontane-
ously self-fertilised, was as . 100 to 85
" Fourth Generation of crossed and slf-fertilised Plunts,
—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 crossed and self-fertilised Plants.
—The crossed plants produced spontaneously a vast
number more pods (not actually counted) than the
~ self-fertilised, and these contained seeds in the pro-
portion of . i
Ninth Generation, of erossed and sef-fertilised Plants.
—Fourteen plants, spontancously self-ferti-
lised, and fourteen self-fertilised plants spontaneously
self-fertilised, yielded capsules (the average number

100 to 94

100 to 89

100 to 26
Plants derived from a cross with @ fresh Stock com
pared. with intercrossed Plants—The offspring of inter-
plants of the ninth generation, crossed by a
fresh stock, compared with plants of the same stock
itercrossed during ten generations, both sets of plants
left uncovered and naturally fertilised, produced

capsules by weightas . . .. 100to51

~ 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 38, 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. 1 may add that
the crossed plants, with very few exceptions, flowered
before their self-fertilised opponents, as might have
been expected from their greater height and vigour.
The impaired fertility of the self-fertilised plants was
shown in another way, namely, by their anthers being
smaller than those in the flowers on the crossed plants.
This was first observed in the seventh generation, but

@ The Complete Work of Charles Darwin Online



Cuar, 1L SUMMARY OF OBSERVATIONS, 59

may have occurred earlier. Several anthers from flowers
on the crossed and self-fertilised plants of the eighth
ion 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 heing sterile. For instance, the
fifteen first flowers on a self-fertilised plant of one of the
later generations were carefully fertilised with their
own pollen, and eight of them dropped off; at the same
time fifteen flowers on a crossed plant growing in the
same pot were self-fertilised, and only one dropped off.
On two other crossed plants of the same generation,
several of the earliest flowers were observed to fertilise
themselves and to produce capsules. In the plants of
the ninth, and I believe of some previous generations,
very many of the flowers, as already stated, were
slightly monstrous; and this probably was connected
th their lessened fertility.
Al the self-ertilised piants of the seventh genera-
ion, and 1 believe of one or two previous generations,
uced flowers of exactly the same tint, namely, of a
dark purple. 8o did all the plants, without any
sception, in the three succeeding generations of self-
ertilised plants ; and very many were raised on account
other experiments in progress not here recorded.
attention was first called to this fact by my
ardener remarking that there was no occasion to label
self-fertilised plants, as they could always be known
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 seli-fertilised
generations, to inheritance not having been interfered
with by crosses during several preceding generations,
in combination with the conditions of life having beun
wery uniform.
A plant appeared in the sixth self-fertilised genera-
tion, named the Hero, which exceeded by a lltﬂe m
height its crossed ist, and which
its powers of growth and increased self-fertility to its.
children and grandehildren. A cross between the
children of Hero did not give to the grandchils
any advantage over the self-fertilised grandehil
raised from the self-fertilised children. And as far
my observations can be trusted, which were made
very unhealthy plants, the great-grandchildren
from intercrossing the grandehildren had no advant
over the seedlings from the grandchildren the prods
of continued self-fertilisation; and what is far
Kable, the great dchildren raised by
the gmndchxldmn with a fresh stock, had no advan
over either the intercrossed or self-fertilised
grandehildren. It thus appears that Hero and

@ The Complete Work of Charles Darwin Online



Omar, TL. SUMMARY OF OBSERVATIONS. 61

d d differed in itution in an di
manner from ordinary plants of the present species.

* Although the plants raised during ten successive
generations from crosses between distinct yet infer-
related plants almost invariably exceeded in height,
constitutional vigour, and fertility their self-fertilised
opponents, it has been proved that seedlings raised
by intercrossing flowers on the same plant are by no
means superior, on the contrary are somewhat inferior
in height and weight, to seedlings raised from flowers
fertilised with their own pollen. This is a remarkable
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 hat in itution or ch
This is shown by the seedlings from the intercrossed
plants of the ninth generation, when crossed with

pollen from a fresh stock, being as superior in

height and almost as superior in fertility to the again
intercrossed plants, as these latter were to seedlings
from self-fertilised plants of the corresponding gen-
eration. We thus learn the important fact that the
mere act of crossing two distinct plants, which are
in some degree inter-related and which have been
long subjected to nearly the same conditions, does
e good as compared with that from a cross between
ts belonging to different stocks or familics, and
ich have been subjected to somewhat different con-
jons. We may attribute the good derived from

crossing of the intercrossed plants during the
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 Tpomea will be more fully
considered in the final chapters, after all my other
observations have been given.
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CHAPTER IIL
SCROPHULARIACE®, GESNERIACEX, LABIATE, ETC.

Mimulus luteus; height, vigour, and fertility of the crossed and self-
fertilised plants of the first four generations—Appearance of a
new, tall, and highly self-fertile variety—Offspring from a cross
between self-fertilised plants—Effcots of a cross with a fresh stock
—Effects of crossing flowers on the same plant—Summary on
Mimulus Inteus—Digitalis purpurea, superiority of the crossed
plants—Effects of crossing flowers on the same plant—Caleeolaria
—Linarin vulgaris — Verbascum thapsus — Vandellia nummulari-
folis—Cleistogene fl Gesneria pendulina—Salvia coceinea—
Origunum vulgare, great increase of the crossed plants by stolons
—Thunbergia alata,

IN the family of the Scrophulariacew I experimented
on species in the six following genera: Mimulus,
Digitalis, Calceolaria, Linaria, Verbascum, and Van-
dellia.
II. SCROPHULARTACEZE.—MDIULUS LUTEUS.
The plants which I raised from purchased sced varied greatly
the colour of their flowers, so that hardly two individuals
e quite alike; the corolla being of all shades of yellow,
ith the most diversified blotches of purple, crimson, orange,
coppery brown. But theso plants differed in mo other
The flowers are evidently well adapted for fertilisa-
by the agency of insects; and in the case of a closely allied
, M. rosea, T have watched bees entering the flowers, thus
their backs well dusted with pollen; and when they
d another flower the pollen was licked off their backs by

The flowers with much red have
been named by horticulturists as
var. Youngiana,
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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, these 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
no pollen on its back enters a flower it touches the stigma,
which quickly closes, and when the bee retires dusted with
pollen, it can leave none on the stigma of the same flower,
But as soon as it enters any other flower, plenty of pollen is
left on the stigma, which will be thus cross-fertilised. Never-
theless, if insects are excluded, the flowers fertilise themselves
perfectly and produce plenty of seed; but I did not ascertain
whether this is effected by the stumens increasing in length
with advancing age, or by the bending down of the pistil. The
chief interest in my experiments on the present species, lies in
the appearance in the fourth self-fertilised generation of a
variety which bore large peculiarly-coloured flowers, and_grew
to a greater height than the other varieties; it likewise became
more highly self-fertile, so that this variety resembles the
plant named Hero, which appeared in the sixth self-fertilised
generation of Ipomeea.

Some flowers on one of the plants raised from the purchased
seeds were fertilised with their own pollen; and others on the
same plant were erossed with pollen from a distinct plant, The
seeds from twelve capsules thus produced were placed in
separate watch-glasses for comparison; and those from the six
erossed capsules appeared to the eye hardly more numerous
than those from the six self-fertilised capsules. But when the
seeds were weighed, those from the crossed capsules amounted
to 1:02 grain, whilst those from the self-fertilised capsules
were only 81 grain; so that the former were either heavier or
more numerous than the latter, in the ratio of 100 to 79.

Crossed and self-fertilised Plants of the First Generation.—Having
ascertained, by leaving crossed and self-fertilised seed on damp
sand, that they germinated simultaneously, both kinds were
thickly sown on opposite sides of a broad and rather shallow
pan; 5o that the two sets of seedlings, which came up at the
same time, were subjected to the same unfavourable conditions.
This was  bad method of treatment, but this species was one of;
the first o which T experimented. When the crossed seedlings

* *A Year's Botany, 1674, p. 118,
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were on an average half an inch high, the self-fertilised ones
were only a quarter of an inch high. When grown to their fall
height under the above unfavonrable conditions, the four tallest

crossed plants averaged 7-62, and the four tallest self-fertilised
5°87 inches in height ; oras 100to77. Ten flowers on the crossed
plants were fully expanded before one on the self-fertilised
plants. A fow of these plants of both lots were transplanted
into a large pot with plenty of good earth, and the self- iemhsed
plants, not now being subjected to severe competition, gre
during the following year as tall as the crossed plants; bt
from a case whioh follows it is doubtful whether they would
have long continued equal. Some flowers on the erossed plants
were crossed with pollen from another plant, and the capsules
thus produced contained arather greater weight of seed than
those on the self-fertilised plants again self-fertilised.

Orossed and seif-fertilised Plants of the Second Generation.—Seeds
from the fomgning plants, fertilised in the manner just stated,
were sown on the opposite sides of & small pot (L) and came up
“crowded. The four tallest crossed scedlings, at the time of
flowering, averaged 8 inches in height, whilst the four tallest
solf-fertilised plants averaged only 4 inches. sceds
were sown by themselves in o second small pot, and self-
fertilised scods were sown by themselves in a third small pot;
50 that there was no competition whatever between these two
lots. Nevertheless the crossed plants grew from 1 to 2
inches higher on an average than the self-fertilised. Both lots
looked equally vigorous, but the crossed plants flowered earlier
and more profusely than the self-fertilised. In Pot ., in which
the twolots competed with each other, the crossed plants flowered
first and produced a large number of capsules, whilst the
self-fertilised produced only nineteen. The contents of twelve
from the crossed flowers on the crossed plants, and
of twelve capsules from self-fertilised flowers on the self-fertilised
‘plants, were placed in separato watch-glasses for comparison ;
and the crossed seeds seemed more numerous by half than the

self-fertiliscd.

The plants on both sides of Pot L, after they had seedéil,

were cut down and transplanted into a large pot with plenty of

‘good earth, and on_the following spring, when they had grown

108 height of between 5 and 6 inches, the two lots were equal,

occurred in a similar experiment in the last generation,

after some weeks the crossed plants exceeded the self-
F
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fertilised ones on the opposite side of the same pot, though not
nearly to so great a degree as before, when they were subjected
to very severe ion.

Crossed and self-fertilised Plants of the Third Generation—
Crossed seeds from the crossed plants, and self-fertilised seeds.
from the self-fertilised plants of the last generation, were sown
thickly on opposite sides of a small pot, No. I The two tallest
plants on each side were measured after they had flowered, and
the two crossed ones were 12 and 74 inches, and the two self-
fertilised ones 8 and 5} inches in height; that is, in the ratio of
100 to 69. Twenty flowers on the crossed plants were again
erossed and produced twenty capsules; ten of which contained
1-33 grain weight of seeds. Thirty flowers on the seli-fertilised
plants were again self-fertilised and produced twenty-six
capsules; ten of the best of which (many being very poor) con-
hlnodanl *87 grain weight of seeds; that is,in the ratio of
100 to 65 by weight.

The superiority of the crossed over the self-fertilised plants
was proved in various ways. Self-fertilised seeds were sown on
one side of a pot, and two days afterwards crossed seeds on the
opposite side. The two lots of seedlings were equal until they
were above half an inch high; but when fully grown the two
tallest crossed plants attained a height of 12} and 81 inches,
whilst the two tallest self-fertilised plants were only 8 and 5}
inches high.

Ina third pot, crossed seeds were sown four days after the

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

"The crossed plants in the above three pots, as in almost all

the previous experiments, flowered before the self-fertilised.
This occurred even in the third pot in which the crossed seeds
were sown four days after the self-fertilised sceds.
Lastly, sceds of both lots were sown on opposite sides of &
large pot in which a Fuchsia had long been growing, so that the
carth was full of roots. Both lots grew miserably; but the
erossed seedlings had an advantage at all times, and ultimately
attained to a height of 3} inches, whilst the self-fertilised seed-
lings never exceeded 1inch. The several foregoing experiments
prove in a decisive manner the superiority in constitutional
vigour of the crossed over the self-fertilised plants.

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

Tu the next or fourth self-fertilised generation, several plants
of o new and tall variety appeared, which increased in the
Inter self-fertilised generations, owing to its great self-fertility,
to the complete exclusion of the original kinds. The same
variety also appeared amongst the crossed plants, but as it was
not at first regarded with any particular attention, T know
1ot how far it was used for raising the intercrossed plants; and
uin the later erossed generations it was rarely present. Owing to

the appearance of this tall variety, the comparison of the crossed
and self-fertilised plants of the fifth and succeeding generations
was rendered unfair, as all the self-fertilised and only a few or
none of the erossed plants consisted of it. Nevertheless, the
results of the later experiments are in some respects well worth

iving.
Crossed and self-fertilised Plants of the Fourth Generation.—Seeds
of the two kinds, produced in the nsual Way from the two sets of
plants of the third generation, were sown on opposite sides of
w0 pots (L and IL); but the seedlings were not thinned
enough and did not grow well. Many of the self-fertilised
. plants, especially in one of the pots, consisted of the new and
tall variety above referred to, which bore large and almost white
flowers marked with erimson blotches. I will call it the
White variety. T believe that it first appeared amongst both the
i F2
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crossed and self-fertilised plants of the last generation; but
neither my gndem ‘nor myself could remember any such variety
in the scedlings raised from the purchased seed. 1t must there-
fore have arisen either through ordinary variation, or, judging
from its appearance amongst both the crossed and self-fertilised
plants, more probably through reversion to a formerly existing
variety.

Tn Pot 1. the tallest crossed plant was 8} inches, and the
tallest self-fertilised 5 inches in height. In Pot IL the tallest
crossed plant was 6} inches, and tho tallest self-fertilised plant,
which consisted of the white variety, 7 inches in height; and
this was the first instance in my experiments on Mimulus in
which the tallest self-fertilised plant exceeded the tallest crossed.
Nevertheless, the two tallest crossed plants taken together were
to the two tallest self-fertilised plants in height as 100 to 80.
As yet the crossed plants were superior to the self-fertilised in
fertility; for twelve flowers on the crossed plants were crossed
and yielded ten capsules, the secds of which weighed 1-71-grain.
Twenty flowers on the self-fertilised plants were self-fertilised,
and produced fifteen capsules, all appearing poor; and thesceds
from ten of them weighed only -G8 grain, so that from an
cqual number of capsules the crossed seeds were to the self-
fertilised in weight as 100 to 40.

Crossed and self-fertilised Plants of the Fifth Generation.—Seeds
from both lots of the fourth generation, fertilised in the usual
‘manuer, were sown on opposite sides of three pots. When the
scedlings flowered, most of the self-fertilised plants were found
to consist of the tall white variety. Several of the crossed plants
in Pot 1 likewise belonged to this variety, as did a very few in
Pots IL and IIL. The tallest crossed plantin Pot L was 7 inches,
and the tallest self-fertilised plant on the opposite side8 inches;
in Pots IL. and IIL the tallest crossed were 4} and 53, and the
tallest 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 crossed to 126 for the sclf-fertilised ; and thus we have
& complete reversal of what occurred in the four previous gene-
rations. Nevertheless, in all three pots the crossed plants
retained their habit of flowering before the self-fertilised. The
plants were unhealthy from being crowded and from the extreme
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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Crossed 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 2
to 8 inches in height they were equal, but when fully grown
the self-fertilised were decidedly the tallest and finest plants, but,
from want of time, they were not actually measured, In half
the pots the first plant which flowered was a self-fertilised one,
and in the other half a crossed one. And now another remark-
able change was clearly perceived, namely, thatthe self-fertilised
plants had become more self-fertile than the ecrossed. The
pots were all put under a net to exclude insects, and the crossed
plants produced spontancously only fifty-five capsules, whilst
the self-fertilised plants produced eighty-one capsules, or as 100
10147, The seeds from nine capsules of both lots were placed
in separate wateh-glasses for and the self-fertili
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 aguin self-fertilised yielded
seventeen capsules, and this is a larger proportional number of
ipsules than was produced by the self-fertilised flowers on the
self-fortilised plants in the previous generations. The contents
of ten capsules of both these lots wero 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 seeds 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 variety. Their uniformity
of character, in comparison with the scedlings first raised from
the purchased seed, was quite remarkable. On the other hand,
the crossed plants differed much in the tints of their flowers,
but not, I think, to s0 great a degree as those first raised.
1 determined this time to measuro the plants on both sides
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carefully. The self-fertilised seedlings came up rather before the
crossed, but both lots were for a time of equal height. When first
measured, the average height of the six tallest crossed plants in
the threo pots was 702, and that of the six tallest self-fertilised
plants 8°97 inches, or as 100 to 128, When fully grown the
same plants were again measured, with the result shown in the
following table:—
Tabwe XVIIL (Seventh Generation.)

No. of Pot. Crossed Plants, | Selffertilised Plants,
Inches. " Inches
1 13 19
ng 18
1 124 183
13 | 14§

L.
|
|

Total inches.

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
two 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 fertilised with their
own pollen. These latter seedlings formed the seventh genera-
tion of self-fertilised plants, like those in the right-hand column
in Table XVIIL; the crossed plants were the product of six
previous self-fertilised generations with an intercross in the
last generation. The seeds were allowed to germinate on sand,
and were planted in pairs on opposite sides of four pots, all the
remaining sceds being sown erowded on opposite sides of Pot
V. in Table XIX.; the three tallest on each side in this ltter pot
Deing alone measured. All the plants were twice measured—the
first time whilst young,and theaverage height of the crossed plants

@ The Complete Work of Charles Darwin Online




Ouav. TIL: CROSSED AND SELF-FERTILISED PLANTS, 71

to that of the self-fertilised was then as 100 to 122, When fully
grown they were again measured, as in the following table :—

Tasre XIX.
Inte Plants
| Sellfertlined Plants
| from Selffreiised
Noofmut | EPRIGFACUND | orthe s
3¢ { Inches. Inches,
L | 12§ 153
104 11§
0 11
14§ 11
1. | 10 1]
| 7 1}
12} 8
[ 7 14§
Bekiay P ]
L. 133 | 10
| 12§ i 11
|
v. | 7 14§
8 | 7
7 | 8
V. | 8 | 10
Crowded. ; 9 | 9
| s | o
Total ininches, | 139-38 17550

The average height of the sixteen intercrossed plants is here
9°96 inches, and that of the sixteen self-fertilised plants 10-96, or
25100 0 110; so that the intercrossed plants, the progenitors of
which had been self-fertilised for the six previous generations,
and had been exposed during the whole time to remarkably unic
form conditions, were somewhat inferior in height to the plants
of the seventh self-fortilised generation. But as we shall pre-
sently see that a similar experiment made after two additional
generations of self-fertilisation gave a different result, I know
mot how far to trust the present one. In three of the five
pots in Table XIX. a solf-fertilised plant flowered first, and in
the other two a crossed plant. These self-fertilised plants were
remarkably fertile, for twenty flowers fortilised with their own
pollen produced no less than nineteen very fine capsules !
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The effects of a Cross witha distinct Stock.—Some flowers on the
self-fertilised plants in Pot IV. in Table XIX. were fertilised
with their own pollen, and plants of the eighth  self-fertilised
generation were thus raised, merely to serve as parents in the fol-
lowing experiment. Several flowers on these plants were allowed
to fertilise themselves spontancously (insects being of course
excluded), and the plants raised from these sceds formed the
ninth self-fertilised generation; they consisted wholly of the tall
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
the seedlings thus raised were the offspring of eight previous
generations of self-fertilisation with an intercross in the last
generation; theso I will call the inercrossed plants. Lastly,
other flowers on the same plants of the eighth self-fertilised
generation were crossed with pollen taken from plants which had
been raised from seed procured from a garden at Chelsea. The
Chelsea plants bore yellow flowers blotched with red, but differed
in no other respect. They had been grown out of doors, whilst
mine had been cultivated in pots in the greenhouse for the
last eight generations, and in a different kind of soil. - The
seedlings raised from this cross with a wholly different stock
may be called the “ Clielsea-crossed.” The three lots of seeds
thus obtained were allowed to germinate on bare sand; and
whenever a seed in all three lots, or in only two, germinated at
the samo time, they were planted in pots superficially divided
into three or two compartments. The remaining sceds,
whether or not in a state of germination, were thickly sown in
three divisions ina large pot, X., in Tablo XX. When the plants
had grown to their fall height they were measured, as shown in
the following table; but only the threo 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 122; and that of the nineteen self-fertilised 10°44.
But with respect to the latter it will be the fairest plan to strike out
twodwarfed ones (only 4 inches in height), so as not to exaggerato
the inferiority of the self-fertilised plants; and this will raise the
average height of the seventeen remaining self-fertilised plants
to 112 inches. Therefore the Chelsea-crossed are to the inter-
crossed in height as 100 to 56; the Chelsea-crossed to the self-
fertilised as 100 to 52; and the intercrossed to the solf-fertilised
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 Cmar IIL CROSS WITH A FRESH STOCK.
Tasre XX,

3

Plants from Self-

Self-fertilised
Plants from an in-
Plants from an 10 | Plants of the Ninth]

 Total inches. |

v, 224 9 4
22 { 133
i 11
. 224 9 44
19 1 18
23 = 134
VL 283 18¢ 12
22 7 16}
S 124 -
VIL 12 T
24 124 %
204 11§ e
264 15§ e
VIIL 17 131 Z
22 185
7 18§
Ix, 22 11 o
ol e R
20§ g
t = 18} 91 108
[ Crowded Plants. 16§ 8§ 8
| 173 10 11
60538 529°50 19850
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as 100 to 92. We thus sce 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.

height as 100 to 92; whereas in the analogous experiment
given in Table XIX. the intercrossed plants from the self-

The intercrossed plants are here to the self-fertilised in

|
|

fertilised plants of the sixth generation were inferior in height
to the selffertilised plants in the ratio of 100 to 110. I
doubt whether this discordance in the results of the two
experiments can be explained by the self-fertilised plants in the
present case having been raised from spontancously self-
fertilised sceds, whereas in the former case they were raised
from artificially self-fertilised seeds; nor by the present plants
having been self-fertilised during two additional generations,
though this is a more probable explanation.

With respect to fertility, the twenty-cight Chelsea-crossed

plants produced 272 capsules; the twenty-seven intercrossed
plants produced 24; and the seventeen self-fertilised plants 17
capsules. Al the pl left soas to

fertilised, and empty capsules were rejected.

Capeules.
Therefore 20 Chelsea-crossed plants would have produced 194°29

20 Intercrossed plants % S
” 20 Self-fertilised plants » ” 2000
Grains.

The seeds contained in 8 capsules from the Chelsea- } 14
crossed plants weighed .

The seeds contained in 8 capsules from the ntererossed =
plants weighed .

The sceds contained in § upnlel from the Self-fertilised Losm
plants weighed . .

If we combine the number of capsules pmd\lced Mgetherw'ith

the average weight of contained seeds, we get the following
extraordinary ratios

Weight of sced produced by the same mumber

of Chelsea-crossed and intercrossed plants . } as100 tod
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Weight of seed produced by the same number
of Chelsea-crossed and self-fertilised plants } s 100508

Weight of sceds produced by the same number
of intercrossed and self-fertilised plants . . } LRl
Tt is also a fact that the Chelsea-crossed plants

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

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

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

The Efiects on the Offspring of intercrossing Flowers on the
same Plant, instead of crossing distinct Individuals—Tn all the
foregoing experiments the crossed plants were the product of a
cross between distinet plants. I now selected a very vigorous
plant in Table XX., raised by fertilising a plant of the eighth
self-fortilised 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 eame plant, and several other flowers were
fertilised with their own pollen. The seed thus produced was
allowed to germinate on bare sand; and the seedlings were
planted in the usual mamner on the opposite sides of six
pots. All the remaining seeds, whether or not in a state of
gormination, were sown thickly in Pot VIL; the three tallest
plants on each side of this latter pot being alone measured.  AsT
was ina hurry o learn the result, some of these secds were sown
late in the autumn, but the plants grew so irregularly during
the winter, that one crossed plant was 28} inches, and two
others only 4, or less than 4 inches in height, as may be seen
in Table XXI.  Under such circumstances, as I have observed
in many other cases, the result is mot in the least trust-
worthy; nevertheless I feel bound to give the measurements.

Tape XXL
e
ross between dif- wers
No.ofPot |t Flowerson the|  with thir ow
| e Plan
Inches. = Inches. b
L 17 17
9 3}
1 283 19}
164 3
134 2
1L 4 154
2 10
v, 234 63
| 15§ 7
‘ 7 134
184 )
‘ 1 2
VI | 21 154
Crowded. | 14 11
12§ 113
Total inches. 21088 140°75
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The fifteen crossed plants here average 14-03, and the fifteen
self-fertilised plants 938 in height, or as 100 to 67. But if
all the plants under ten inches in height are struck out, the ratio
of the eleven crossed plants to the cight self-fertilised plants
is s 100 to 82,

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

TasLe XXIIL

| Prants raisea froma |

Cross betwveen diffe-

No. of Pot. rent Flowers on the.
Plant,

Lant 1
Flowers fertilised
with thelr own Pallen.

| Inches. | Inches.
4 | 15) | 19}
12 0

18§
18§
Total in inches. 870°88

VIIL 183
Crowded. 18}

@ The Complete Work of Charles Darwin Online



78 MIMULUS LUTEUS. Cuap, IIL

Hero the average height of the twenty-two crossed plants is
16°85, and that of the twenty-two self-fertilised plants 16-07; or
as 100 to 95. But if four of the plants in Pot VIL, which are
much shorter than any of the others, are struck out (and this
would be the fairest plan), the twenty-one crossed are to the
ninoteen self-fertilised plants in height as 100 to 100-6—that is,
are equal. Al the plants, except the crowded ones in Pot VIIL,
after being measured were cut down, and the eighteen 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 exceeded the crossed in weight in a higher ratio. In all
the provious experiments in which seedlings were raised from &
cross between distinct plants, and were put into competition
with self-fertilised plants, the former generally flowered first ;
but in the present case, in seven out of the eight pots a
self-fertilised plant flowered before a crossed one on the
opposite side. ~ Considering all the evidence with respect to
the plants in Table XXIL, a cross between two flowers on the
same plant scems 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 XX, 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 generations of crossed and self-fertilised
plants, the tallest plants alone on each side of the
several pots were measured ; and the average height
of the ten crossed to that of the ten self-fertilised
plants was as 100 to 64. The crossed were also much
more fertile than the self-fertilised, and so much
more vigorous that they exceeded them in height, even
when sown on the opposite side of the same pot after
an interval of four days. The same superiority was
likewise shown in a remarkable manner when both
kinds of seeds were sown on the opposite sides of a pot
with very poor earth full of the roots of another plant,
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In one instance crossed and self-fertilised seedlings,
grown in rich soil and not put into competition with
each other, attained to an equal height. When we
come to the fourth generation the two tallest crossed
plants taken together exceeded by only a little the two
tallest self-fertilised plants, and one of the latter beat
its crossed opponent,—a cireumstance which had not
occurred in the previous generations. This vietorious
self-fertilised plant consisted of a new white-flowered
variety, which grew taller than the old yellowish
varieties. From the first it scemed to be rather more
fertile, when self-fertilised, than the old varieties, and
in the ding self-fertilised i became
more and more self-fertile. In the sixth generation the
self-fertilised plants of this variety compared with the
crossed plants produced capsules in the proportion
of 147 to 100, both lots being allowed to fertilise
themselves spontaneously. In the seventh generation
twenty flowers on one of these plants artificially
self-fertilised yielded no less than nineteen very fine
capsules !

This variety itted its ch so faithfull
to all the succeeding self-fertilised generations, up to
the last or nmth that ul] the many p!.ant.u wluch were
raised a of
thus offering a remarkable contrast with the seedlmgs
raised from the purchased seeds. Yet this variety
retained to the last a latent tendency to produoe
yellow flowers; for when a plant of the eighth self-
fertilised generation was crossed with pollen from «
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 ecrossed 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 sinigle 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 dome 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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generation ; and the seedlings from these crosses were
grown in competition with self-fertilised plants of the
two corresponding generations, In the first trial the
intercrossed plants were less fertile than the self-
fertilised, and less tall in the ratio of 100 to 110.
In the second trial, the intercrossed plants were more
fertile than the self-fertilised in the ratio of 100 to
73, and taller in the ratio of 100 to 92. Notwith-
standing that the self-fertilised plants in the second
trial were the product of two additional generations
of self-fertilisation, I cannot understand this discor-
dance in the results of the two analogous experiments.

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

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

DIGITALIS PURPUREA.

The flowers of the common Fosglove are proterandrous; that

is, the pollen is mature and mostly shed before the stigma of

the same lower i§ veady for fertilisation. This is effected by
G
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the larger humble-bees, which, whilst in search of nectar, carry
pollen from flower to flower. The two upper and longer
stamens shed their pollen before the two lower and shorter
ones. The meaning of this fact probably is, as Dr. Ogle re-
marks,* that the anthers of the longer stamens stand near to
the stigma, so that they would be the most likely to fertilise it;
and as it is an advantage to avoid self-fertilisation, they shed
their pollen first, thus lessening the chance. There is, however,
but little danger of self-fertilisation until the bifid stigma
opens; for Hildebrand t found that pollen placed on the stigma
Defore it had opened produced no effect. The anthers, which
are large, stand at first transversely with respect to the tubular
corolla, and if they were to dehisce in this position they would,
as Dr. Ogle also remarks, smear with pollen the whole bck and
sides of an entering humble-bee in a useless manner; but the
anthers twist round and place themselves longitudinally before
they dehisce. The lower and inner side of the mouth of the
corolla is thickly clothed with hairs, and these collect so much
of the fallen pollen that I have scen the under surface of a
humble-bee thickly dusted with it; but this can never be ap-
plied to the stigma, as the bees in retreating do not turn their
under surfaces upwards. I was therefore puzzled whether these
hairs were of any use; but Mr. Belt has, 1 think, explained
their use : the smaller kinds of bees are not fitted to fertilise
the flowers, and if they were allowed to enter easily they would
steal much nectar, and fewer large bees would haunt the
flowers. Tumble-bees can crawl into the dependent flowers
with the greatest case, using the hairs as footholds while
sucking the honey; but the smaller bees are impeded by
them, and when, having at length struggled throgh them, they
reach the slippery precipice above, they are eompletely
baffled.” Mr. Belt says that he watehed many flowers during
a whole season in North Wales, and “only once saw a small
Dee reach the nectary, though many were seen trying in vain to
do g0t
1 covered a plant growing in its native soil in North Wales
with a net, and fertilised six flowers cach with its own pollen,
* ‘Popular_Science Review,” .’ 1874, p. . But i
Jnn. 1870, N e ﬁ::nx-lx?;nﬁl??nie'i\x‘e}:&'l’.m:
+ ‘Geschlechter - Vertheilung  der Blumen, 1878, p. 285, that
bei den Pflanzen,’ 1867, p. small insects sometimes sueceed
1 ‘The Naturalist in Nicara- in entering the flowers,
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and six others with pollen from a distinet plant growing within
the distance of a few feet. The covered plant was occasionally
shaken with violence, so as to imitate the effects of a gale of
wind, and thus to facilitate as far as possible self-fertilisation.
It bore ninety-two flowers (besides the dozen artificially ferti-
lised), and of these only twenty-four produced capsules; whereas
almost all the flowers on the surrounding uncovered plants were
fruitful. Of the twenty-four spontaneously self-fertilised cap-
sules, only two contained their full complement of seed; six
contained a moderate supply; and the remaining sixteen ex-
tremely few sceds. A little pollen adhering to the anthers after
they had dehisced, and accidentally falling on the stigma when
mature, must have been the means by which the above twenty-
four flowers were partially self-fertilised ; for the margins of the
corolla in withering do not eurl inwards, nor do the flowers in
dropping off turn round on their axes, so as to bring the pollen-
covered hairs, with which the lower surface is clothed, into con-
tact with the stigma—Dby either of which means self-fertilisation
might be effected.

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

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

No.of Pot. ‘ Cromsd Plants, | Slferiised Plats.

r,

Total in inches, |

The average height of the flower-stems of the sixteen crossed
plants s here 5133 inches ; and that of the eight self-fertilised
plants, 3587 or as 100 o 70. But this difference in height does
not give at all a fair idea of the vast superiority of the crossed
plants. These latter produced altogether sixty-four flower-stems,
each plant producing, on an average, exactly four flower-stems;
whereas the eight self-fertilised plants produced only fifteen
flower-stems, each producing an average only of 187 stems, and
these had a less luxuriant appearance. We may put the result in
another way : the number of flower-stems on the crossed plants was
to those on an equal number of self-fertilised plants as 100 to 48.

Three crossed seeds in a state of germination were also planted
in three separate pots; and threo slf-fertilised sceds in the
same state in three other pots. These plants were therefore
at first exposed to no competition with one another, and when
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tarued out of their pots into the open ground they were planted
at a moderate distance apart, so that they were exposed to much
less severe competition than in the last case. The longest leaves
on the three crossed plants, when turned out, exceeded those on
the self-fertilised plants by a mere trifle, viz., on an average by
‘17 of an inch. When fully grown the three crossed plants
produced twenty-six flower-stems; the two tallest of which on
each plant were on an average 54-04 inches in height. The
three self-fertilised plants produced twenty-three flower-stems,
the two tallest of which on each plant had an average height of
46°18 inches. So that the difference between these two lots,
which hardly competed together, is much less than in the last
case when there was moderately sovere competition, namely, as
100 to 85, instead of as 100 to 70.

The Effects on the Offspring of intercrossing diffevent Flowers on
the sume 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 plant, and six others were fertilised
with their own pollen. All produced good capsules. The seeds
from each were placed in separate watch-glasses, and o differenco
could be perceived by the eye between the two lots of seeds;
and when they were weighed there was 1o difference of any sig-
nificance, as the seeds from the self-fertilised capsules weighed
765 grains, whilst those from the crossed capsules weighed
7°7 grains. Therefore the sterility of the present specics, when
insects are excluded, is not due to the impotence of pollen
on the stigma of the same flower. Both lots of sceds and seed-
lings were treated in exactly the same manneras in the previous
table (XXIIL), excepting that after the pairs of germinating sceds
had been planted on the opposite sides of cight pots, all the
remaining seeds were thickly sown on the opposite sides of Pots IX..
and X. in Table XXIV. The young plants during the following
spring wero turned out of their pots, without being disturbed,
and planted in the open ground in two rows, not very close
together, so that they were subjected to only moderately severe
competition with one another. Very differently to what occurred
in the first experiment, when the plants were subjected to
somewbat severe mutual competition, an equal number on each
side either died or did not produce flower-stems. The tallest
flower-stems on the surviving plants were measured, as shown in
the followlng table :—
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" Tase XXIV.
N.B. 0 signifies that the Plant died, or did not produce a Flower-
. stem, ;
Plants ratsed from &
Plants raised from
No.ofPot [ Orombetween dif | piwers ertlised
Same Plant.  With their own Pollen,
o
e ) 45§
46 5
43 o
I 38,
47 47
0 39|
L 547 463
v, 324 41
0 29,
437 87,
V. 46 42
40, 42,
43 [
VL 481 417
461 48]
VIL 43¢ 2
4 0§
viL 461 30)
IX. 303
Crowded Plants, 500 15
36,
47' )
81
X | 46 417
Crowded Plants. | 85| )
24 341
41 0/
17, 41
Total inches, i 107800 ‘ 99538
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The average height of the flower-stems on the twenty-fivo
crossed plants in all the pots taken together is 4312 inches, and
that of the twenty-five self-fertilised plants 39-82, or as 100 to
92. Tn order to test this result, the plants plantéd in pairs in
Pots L to VIIL were considered by themselves, and the average
height of the sixteen crossed plants is here 44+9, and that of the
sixteen self-fertilised plants 42-03, or as 100 to 94. Again, the
plants raised from the thickly sown seed in Pots IX. and X.,
which were subjected to very severe mutnal competition, were
taken by themselves, and the average height of the nine crossed
plants s 3986, and that of the nine self-fertilised plants 35-88, or
25 100 to 90. The plants in these two latter pots (IX. and X.),
after being measured, were et down close to the ground and
weighed : the nine crossed plants weighed 57-66 ounces, and
the nine self-fertilised plants 4525 ounces, or as 100 to 78, On
the whole we may conclude, especially from the evidence of
weight, that seedlings from a cross between flowers on the same
plant have a decided, though not great, advantage over those
from flowers fertilised with their own pollen, more especially
in the case of the plants subjected to severe mutual competition.
But the advantage is much less than that exhibited by the
crossed offspring of distinet plants, for these exceeded the self-
fertilised plants in height as 100 to 70, and in the number of
flower-stems as 100 to 48. Digitalis thus differs from Ipomoea,
and almost certainly from Mimulus, as with these two species
a eross Hetween flowers on the same plant did no good.

CALCEOLARIA.

A busly greenhouse variety, with yellow flowers botched with purple.

The flowers in this genus are constructed so as to favour or
almost ensure cross-fertilisation;" and Mr. Anderson remarks +
that extreme care is necessary to exclude insects in order to
preserve any kind true. He adds the interesting statement, that
when the corolla is cut quite away, insects, as far as he has secu,
never discover or visit the flowers. This plant is, however, self-
fertile if insccts are excluded. So fw experiments were
made by me, that they are hardly worth giving. Crossed and
self-fertilised seeds were sown on opposite sides of a pot, and

* Hildsbrand, as quoted by  + ‘Gardencrs’ Clironicle; 1853,
H. Miller, ‘Die Befruchtung p. 534,
der Blitmen,” 1873, p. 277.
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after o time the crossed seedlings slightly exceeded the self-
fertilised in height. When a little further grown, the longest
leaves on the former were very nearly 3 inches in length,
whilst those on the self-fertilised plants were only 2 inches.
Owing to an accident, and to the pot being too small, only one
plant on cach side grew up and flowered ; the erossed plant was
19} inches in height, and the self-fertilised one 15 inches; or as
100 to 77
LINARIA VULGARIS.

It has been mentioned in the introductory chapter that two
Targe beds of this plant were raised by me many years ago from.
crossed and self-fertilised seeds, and that there was a conspicu=
ous difference in height and general appearance between the
two lots. The trial was afterwards repeated with more care;
Dut as this was one of the first plants experimented on, my
usual method was not followed. Seeds were taken from wild
plants growing in this neighbourhood and sown in poor soil in
my garden. Five plants were covered with a net, the others
Deing left exposed to the bees, which incessantly visit the flowers
of this species, and which, according to H. 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 few seeds
are produced by protected plants, that the pollen and stigma of
the same flower scem 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
236 seeds, with a maximum in one capsule of fifty-five. So that
the number of sceds in the capsules on the exposed plants to
the average number in the finest capsules on the protected
plants was as 100 to 14. b

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

* ¢ Dic Befruchtung,’ &e. p. 279,
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two lots of scedlings were not subjected to any mutual competi-
tion. Three of the crossed plants when in full flower were
measured, but no care was taken to select the tallest plants;
their heights were 74, 74, and 6} inches; averaging 7-08 in
height. The threo tallest of all the self-fertilised plants were
then earefully sclected, and their heights were 63, 5g, and 53,
averaging 575 in height. So that the naturally crossed plants
were to the spontaneously self-fertilised plants in height, at
Teast as much as 100 to 81.

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

" Plants of V. thapsus had been raised for a distinct purpose
from self-fertilised sceds ; and some flowers on these plants were
self-fertilised, yielding seed of tho second self-fertilised
tion ; and other flowers were crossed with pollen from a
t plant. The sceds thus produced were sown on the
opposite sides of four large pots. They germinated, however, so
ly (the crossed scedlings generally coming up first)
1 was able to save only six pairs of equal age. These when
full flower were measured, as in the following table (XXV.).
We here sce that two of the self-fertilised plants exceed in
it their crossed opponents.  Nevertheless the average height
the six crossed plants is 6584 inches, and that of the six
ffertilised plants 56-5 inches; or as 100 to 86.

* I have given a striking caso  found growing wild: “Journal of
Jarge number of such hybnrh Linn, Soc. Bot, vol. x. p. 451
n ¥ thapsus and lychnitis
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TapLe XXV,
Selffrlsed Plants
No.of Pot. Crossed Plants. | of the Second Gene-
Dohn | foches.
L 76 ‘ 334
1L | 54 | 66
1L 62 I
60§ 504
v. 73 62
664 52
Total in inches. | 39213 339-00

VANDELLIA NUMMULARIFOLIA.

Seeds were sent to me by Mr. J. Scott from Calcutta of this
sieall Indian weed, which bears perfect and cleistogene * flowers.
The latter are extremely small, imperfectly developed, and never
oxpand, yet yield plenty of seeds. The perfect and open
flowers are also small, of a white colour with purple marks; they
generally produce seed, although the contrary has been
asserted ; and they do so even if protected from inseets, They
have a rather complicated structure, and appear to be adapted
for cross-fertilisation, but were not carefully examined by me.
They are not easy to fertilise artificially, and it is possible that_
some of the flowers which I thought that I had succeeded in
crossing were afterwards spontaneously self-fertilised under the
net. Sixteen capsules from the crossed perfect flowers contained
on an average ninety-three seeds (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 T suspect that this
considerable excess was accidental, as on one oceasion 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 seed. I may add

* Tho conveniout term o cleis- g tiols n the present genus in
{ogene was proposed by Kuhn iu  *Bot, Zeitung,’ 1867, p.
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that fifteen capsules from self-fertilised cleistogene flowers con-
tained on an averago sixty-four sceds, with a maximum in one
of eighty-seven.

Crossed and self-fertilised seeds from the perfect flowers, and
other seeds from the self-fertilised cleistogene flowers, were sown
in five pots, each divided superficially into three compartments.
The scedlings were thinned at an early age, so that twenty
plants were left in each of the three divisions. The crossed plants
when in full flower averaged 4-3 inches, and the self-fertilised
plants from the perfect flowers 4°27 inches in lieight; or as 100
to 99. The self-fertilised plants from the cleistogene flowers
averaged 4:06 inches in height; so that the crossed were in
height to these latter plants as 100 to 94.

T determined to compare again the growth of plants raised
from erossed and self-fertilised perfect flowers, and obtained two
fresh lots of seeds. These were sown on opposite sides of five
pots, but they were not sufficiently thinned, so that they grew
rather crowded. When fally grown, all those above 2 inches
in height were selected, all below this standard being rejected ;
the former consisted of forty-seven crossed and forty-one self-
fertilised plants; thus a greater number of the crossed than of
the self-fertilised plants grew to a height of above 2 inches. Of
the crossed plants, the twenty-four tallest were on an average
36 inches in height; whilst the twenty-four tallest self-
fertilised plants were 338 inches in average height; or as 100
to 94, All these plants were then cut down close to the ground,
and the forty-seven crossed plants weighed 10003 grains, and
the forty-one self-fertilised plants weighed 857-4 grains. There-
fore an equal number of crossed and self-fertilised would have
been to each other in weight as 100 to 97. From these several
facts we may conclude that the crossed plants had some real,
though very slight, advantago in height and weight over the
self-fertilised plants, when grown in competition with one
another.

_ The crossed plants were, however, inferior in fertility to the
self-fertilised. ~Six of the finest plants were selected out of the
forty-seven crossed plants, and six out of the forty-one self-
fertilised plants; and the former produced 598 capsules, whilst
the latter or self-fertilised plants produced 752 capsules. All
these capsules were the product of cleistogene flowers, for the
plants did not bear during the whole of this season any perfect
flowers. The seeds were counted in ten cleistogene capsules
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produced by the crossed plants, and their average number was
464 per capsule; whilst the number in ten cleistogene capsules
produced by the self-fertilised plants was 49+4 ; or as 100 to 106.

1L ACEE.—Gi

Tn 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 Miller from South Brazil. Seven flowers were crossed
with pollen from a distinct plant, and produced seven capsules
containing by weight 3-01 grains of sceds. Seven flowers on the
same plants were fertilised with their own pollen, and their
seven_capsules contained exactly the same weight of seeds.
Germinating seeds were planted on opposite sides of four pots,
and when fully grown measured to the tips of their leaves.

TasLe XXVI
No.ofPot. | Crossd Plants, | Self-frtilised Pants
[ e Inches.
T 128 39
| 244 | 27q
1L | 33 | 304
| 27 19¢
. 5 s94"7 1} 31
| 2] | 28
ot 304 20¢
| 6 ‘ 2}
Total inches. | 2650 | 25318

The average height of the eight crossed plants is 3206 inches,
and that of the eight self-fertilised plants 29-14; or as 100
to 90.

* Ur. Ogle, * Popular Science Review,’ Jan. 1§70, p. 51.
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IV. LABIATE.—SALVIA COCCINEA.*

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

Seeds of both kinds were sown rather thickly on opposite sides
of three pots. When the seedlings were about 3 inches in
height, the crossed showed a slight advantage over the self-
fertilised. When two-thirds grown, the two tallest plants on
each side of cach pot were measured ; the crossed averaged 1637
inches, and the self-fertilised 11°75 in height; or as 100 to 71
When the plants were fally grown and had done flowering, the
two tallest plants on each side were again measured, with the
results shown in the following table:—

Tasre XXVIL

| nchen.  Inches,
L | 32¢ | 2
20 | 18§
1L o | 208
g ool 193
s 204 25
2 | 18
il whomy d S
Totlinches. | 16713 12700

+ Tho admirble mechanical by Sprengel, Hildabrand, Delpin,
adaptations in this genus for er, Ogle, and others, in
favouring or ensuring oross-ferti-  their several works.

lisation, have been fully described
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It 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 the
first plant which flowered was a crossed one. All the crossed
plants together produced 409 flowers, whilst all the self-fertilised
together produced only 232 flowers ; or as 100 to 57. So that
the crossed plants in this respect were far more productive than
the self-fertilised.

ORIGANUM VULGARE.

This plant mm, lcoold.mg to H. Miiller, under two forms;
one strongly 5o that it is
almost certain to be femhwd T pollen from another flower ;
the other form is exclusively female, has a smaller corolla, and
must of course be fertiJised by pollen from a distinct plant
in order to yield any sceds. The plants on which I experi-
mented were hermaphrodites; they had been cultivated for a
long period as @ pot-herb in my kitchen garden, and were, like
5o many long-cultivated plants, extremely sterile. As I felt
doubtful about the specific name T sent specimens to Kew, and
was assured that the species was 0. vlgare. My plants formed
one great clump, and had evidently spread from a single root
by stolons. In a strict sense, therefore, théy all belonged to the
same individual. My object in experimenting on them was,
firstly, to ascertain whether crossing flowers borne by plants
having distinet roots, but all derived asexually from the same
individual, would be in any respect more advantageous than
self-fertilisation; and, secondly, o raise for future trial seedlings
which would constitute really distinet individuals. Several
plants in the above clump were covered by a net, and about two
dozen seeds (many of which, however, were small and withered)
were obtained from the flowers thus spontaneously self-fertilised.
The remainder of the plants were left uncovered and were in-
cessantly visited by bees, so that they were doubtless crossed
by them. These exposed plants yielded rather more and finer
sced (but still very few) than did the covered plants. The two
lots of seeds thus obtained were sown on opposite sides of two
pots ; the scedlings were carefully observed from  their first
growth to maturity, but they did not differ at any period in
height or in vigour, the importance of which latter observation
we shall presently see. When “ully grown, the tallest crossed
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plant in one pot was a very little taller than the tallest self-
fertilised plant on the opposite side, and in the other pot
exactly the reverse oceurred. So that the two lots were in fact
equal ; and a cross of this kind did no more good than erossing
two flowers on the same plant of Ipomcea or Mimulus.

The plants were turned out of the two pots without being
disturbed and planted in the open ground, in order that they
might grow more vigorously. In the following summer all the

ilised and some of the quas d plants were covered
by anet. Many flowers on the latter were crossed by me with
pollen from a distinet plant, and others were left to be crossed
by the bees. These quasi-crossed plants produced rather more
seed than did the original ones in the great clump when left
to the action of the beos. Many flowers on the self-fertilised
plants wero artificially self-fertilised, and others were allowed.
to fertilise themselves spontancously under the net, but they
yielded altogether very fow seeds. These two lots of seeds—
the product of a cross between distinct seedlings, instead of as
in the Tust case between plants multiplied by stolons, and the
product of self-fertilised flowers—were allowed to germinate on
bare sand, and several equal pairs were planted on opposite
sides of two large pots. At‘a very emly age the crossed
plants showed some superiority over the self-fertilised, which
was ever afterwards retained. When the plants were fully
grown, the two tallest crossed and the two tallest self-fertilised
plants in each pot were measured, as shown in the following
table. 1 regret that from want of time T did not measure all
the pairs; but the tallest on each side seemed fairly to represent
the average difference between the two lots.

Tapie XXVIIL

| Self-fertilised Plants
? Crue Pt (0
soutre | e | TR

Inches | fnches.
L 26 | 24
21 21
12
114
T 685
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The average height of the crossed plants is here 20 inches, and
that of the self-fertilised 17-12; or as 100 to86. But this excess
of height by no means gives a fair idea of the vast superiority in
vigour of the crossed over the self-fertilised plants. The crossed
flowered first and produced thirty flower-stems, whilst the self-
fertilised produced only fifteen, or half the mumber. The pots
were then bedded out, and the roots probably came out of the
Toles 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 erossed plants
was 10 by 4} inches across, with the tallest stem, as yet young,
54 inches in height; whilst the clump of self-fertilised plants,
on the opposite side of the same pot, was only 8} by 2} inches
across, with the tallest young stem 4 inches in height. In Pot
1L, the clump of crossed plants was 18 by 9 inches across, with
the tallest young stem 8} inches in height; whilst the clump of
self-fertilised plants on the opposite side of the same pot was 12
by 4} inches across, with the tallest young stem 6 inches in
height. The crossed plants during this season, as during the
Iast, flowered first. Both the crossed and self-fertilised plants
being 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. ACANTHACE/E.—THUNBERGIA ALATA.

1t appears from Hildebrand’s description ( Bot. Zeitung, 1867,
. 285) that the conspicuous flowers of this plant are adapted
for cross-fertilisation. Seedlings were twice raised from pur-
chased seed; but during the early summer, when first

rimented on, they were extremely sterile, many of the anthers
containing hardly any pollen. Nevertheless, during the antumn
these same plants spontaneously produced a good many seeds.
Twenty-six flowers during the two years were crossed with
pollen from a distinct plant, but they yielded only eleven
capsules; and these contained very few sceds! Twenty-cight
flowers were fertilised with pollen from the same flower, and
these yielded only ten capsules, which, however, contained
rather more seed than the crossed capsules, Eight pairs of
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germinating seeds were planted on opposite sides of five pots;
and exactly half the erossed and half the self-fertilised plants
exceeded their opponents in height. Two of the self-fertilised
plants died young, before they were measured, and their crossed
opponents were thrown away. The six remaining pairs grew
very unequally, some, both of the crossed and self-fertilised
plants, being more than twice as tall as the others. The average
height of the crossed plants was 60 inches, and that of the self-
fertilised plants 65 inches, or as 100 to 108. A eross, therefore,
between distinet individuals here appears to do no good; but
this result deduced from so few plants in a very sterile condition
and growing very unequally, obviously cannot be trusted.
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CHAPTER IV.
ChecieEn®, PAYAVERACEE, RESEDACEE, ETC.

Trassica oleracea, crossed and self-fertilised plants—Great effect of &
cross with a fresh stock on the weight of the offspring—TIberis
& 5

el paver vagum californica, scedlings
from a with a fresh stock not more vigorous, but more
fertile than the self-fertilised seedlings— Reseda lutea and odorata,

many individuals sterile with their own pollen—YViola tricclor,
wonderful effects of Adonis wstivali i lid
—Viscaria oculata, crossed plants hardly taller, but more fertile than
the self-fertilised— Dianthus caryophyllus, erossed and self-fertilised
plants compared for four generations—Great effects of a cross with
a fresh stock—Uniform colour of the flowers on the self-fertilised
plants—Hibiscus africanus.

VI. CRUCIFERZE.—BRASSICA OLERACEA.
Var. Cattell’s Early Barues Cabbage.

Tug flowers of the common cabbage are adapted, as shown by
H. Miiller,” for eross-fertilisation, and should this fail, for self-
fertilisation. 1Tt is well known that the varieties are crossed so
laxgely by insects, that it is impossible to raise pure kinds in the
same garden, if move than one kind is in flower at the same time.
Cabbages, in one respect, were not well fitted for my experiments,
as, after they had formed heads, they were often difficult to mea-
sure. The flower-stems also differ much in height; and a poor
plant will sometimes throw up a higher stem than that of a fine
plant.  In the later experiments, the fully-grown plants were cut
down and weighed, and then the immense advantage from &
cross became manifest,

A single plant of the above variety was covered with a net
just before flowering, and was crossed with pollen_from another
plant of the same variety growing close by; and the seven
sules thus produced contained on an average 16°8 seeds, with

* Die Befruchtung.’ &e, p. 189,
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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
sceds as those from flowers spontaneously self-fertilised under
the net, of which a considerable number were produced. Fourteen
of these latter capsules contained on an average 4°1 seeds, with
& maximum in one of ten sceds; so that the seeds in the crossed
capsules were in mumber to those in the self-fertilised capsules as
100 to 25.  The self-fertilised sceds, fifty-eight of which weighed
8'88 grains, were, however, u little finer than those from the
erossed eapsules, fifty-eight of which weighed 376 grains. When
few seeds are produced, these seem often to be better nourished
and to be heavier than when many are produced.

The two lots of sceds in an equal state of germination were
planted, some on opposite sides of a single pot, and some in the
open ground. The young crossed plants in tho pot at first ex-
ceeded by a littlo in height the self-fertilised; then equalled them ;
were then beaten; and lastly were again victorious. The plants,
without being disturbed, were turned out of the pot, and planted
in the open ground; and after growing for some time, the
erossed plants, which were all of nearly the same height, exceeded
the self-fertilised ones by 2 inches. When they flowered, the
flower-stems of the tallest crossed plant exceeded that of the
tallest sclf-fertilised plant by 6 inches. The other seedlings
which were planted in the open ground stood separate, so that
“they did not compete with one another ; nevertheless the crossed
plants certainly grew toa rather greater height than the self-for-
tilised; but no measurements were made. The crossed plants
which had been raised in the pot, and those planted in the open
ground, all flowered  little before the self-fertilised plants.

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

 flowers on the crossed plants of the last generation were again

erossed with pollen from another erossed plant, and produced
lna capsules.  The flowers on the self-ferilised plants of the
d to

nnder a net, and they produced some remarkably fine capsules.
The two lots of seeds thus produced germinated on sand, and

ittt paics vere planied on opposte sides of four poa. Thase

were measured to the tips of their leaves on the

1 muo::wher of the same year, and the eight crossed plants

averaged in height 8°4 inches, whilst the self-fertilised averaged

858 inches, so that the crossed were a little inferior in height,

25100 to 101°5. By the 5th of June of the following year these
H 2
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plants had grown much bulkier, and had begun to form
heads. The crossed had now acquired a marked superiority
in general appearance, and averaged 802 inches in height,
whilst the self-fertilised averaged 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
Teads were fully formed, but several had grown so erooked that
their heights could hardly be messured with accuracy. The
crossed plants, however, were on the whole considerably taller
than the self-fertilised. In the following year they flowered ; the
crossed plants flowering before the self-fertilised in three of the
pots, and at the same time in Pot IL. The flower-stems were
now measured, as shown in Table XXIX.

TapLe XXIX.
Measured to tops of Flower-stems ; O signifies that a Flower-stem
was not formed.
No. of Pot. Crossed Plants. Self-fertilised. Pb-u.
Tmcbes. | lnhen
L 493 | 44
| 394 | 41
1L | 374 | 38
33§ | 354
1L | 47 | 514
40 41
42 | 464
v, 4y | 208
37§ 33§
| o
Total in inches. | T | 55100

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-
over, depended almost wholly on one of the self-fertilised plants
being only 20 inches high, does mot 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
flower, were now cut down close to the ground and weighed, but
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those in Pot IT. were excluded, for they had been accidentally
injured by a fall during transplantation, and one was almost
killed. ‘The eight erossed plants weighed 219 ounces, whilst the
eight self-fertilised plants weighed only 82 ounces, or as 100 to 37 ;
50 that the superiority of the former over the latter'in weight was

great.

The Effects of a Cross with a fresh Stock.—Some flowers on a
crossed plant of the last or second generation were fertilised,
without being castrated, by pollen taken from a plant of the
same variety, but not related to my plants, and bronght from a
nursery garden (wheneo my seeds originally came) having a dif-
ferent soil and aspect. The flowers on the self-fertilised plants
of the last or second 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-
aating on sand, were planted in pairs on the opposite sides
of six large pots, which were kept at first in a cool greenhouse.
Barly in January their heights were measured to the tips of their
leaves. The thirteen crossed plants averaged 1316 inches in
height, and the twelve (for one had died) self-fertilised plants
averaged 137 inches, or as 100 to 104; so that the self-fortilised
plants exceeded by a little the crossed plants,

Tasre XXX,

Weight of Plants after they had formed Heads.
Noatna, | Gt | S
B o
1L 74 | 343
1L 121 174
Iv. 1273 14
s B 0 | 1
VL 106y " Ajsedtye
Total in ounces. 649-00 142425
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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 erooked, from
having been drawn up to the light whilst in the greenhouse.
As it was scarcely possible to measure their heights, the finest
plant on each side of cach pot was cut 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 selt-fertilised plants average only 23°7 ounces, or
25100 to 22. This difference shows in the clearest manner the
enormous benefit which these plants derived from a cross with
another plant belonging to the same sub-variety, but to a fresh
stock, and grown during at least the three previous generations
under somewhat different conditions.

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

The seedlings from the reciprocal cross, that is, from the erim-
son-green variety fertilised with pollen from the white-green
varicty, offer a somewhat more curious case. A few of these
crossed scedlings reverted to & pure green variety with their
leaves less 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 fact that a
much larger number of the self-fertilised seedlings from the
crimson-green variety than of the crossed seedlings thus reverted ;
and as a consequence the self-fertilised seedlings grew taller by
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 powerfully in favouring the ultimate growth
of these plants than did a cross; but it should be remembered
that the cross was with a semi-sterile variety having a feeble
constitution.

IBERIS UMBELLATA.
Var. Kermesiana.

This variety produced plenty of spontancously self-fertilised
seed under a net. Other plants in pots in the greenhouse were
left uncovered, and as I saw small flies visiting the flowers, it
seemed probable that they would be intercrossed. Consequently
seeds supposed to have been thus crossed and spontaneously self-
fertilised seeds were sown on opposite sides of a pot. The
self-fertilised seedlings grew from the first quicker than the
supposed crossed seedlings, and when both lots were in fall
flower the former were from 5 to 6 inches higher than the erossed !
I record in my notes that the self-fertilised sceds from which
these self-fertilised plants were raised were not so well npencd
as’ the crossed ; and this may possibly have caused the grea
difforence in their growth, in a. somewhat analogous o
as oceurred with the self-fertilised plants of the eighth generation
of Tpomeea 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 with-
out any organic matter; and here the supposed crossed
seedlings grew to double the height of the self-fertilised, before
Doth lots died, as necessarily occurred at an early period. We
shall hereafter meet with another case apparently analogous
to this of Theris 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
Dy pollen of a distinet plant ; but from want of time this was done
in a careless manner, namely, by smearing one head of expanded
flowers over another. I should have thought that this would
have succeeded, and perhaps it did so; but the fact of 108
of the self-fertilised seeds weighing 487 grains, whilst the same
number of the supposed crossed seeds weighed only 357 grains,
does not look like it. Five seedlings from each lot of seeds were
raised, and the self-fertilised plants, when fully grown, exceeded
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in average height by a trifle (viz. -4 of an inch) the five probably
crossed plants. I have thought it right to give this case and the
Iast, because had the supposed erossed plants proved superior
to the self-fertilised in height, T should have assumed without
doubt that the former had really been crossed. As itis, T do not
Xnow 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
the crossing. I therefore fertilised with great care (but as
usual without castration) twenty-four flowers on the supposed
erossed. plants of the lust genoration with pollcn from distinet
‘plants, and thus obtained twent; D
plants of the last generation were allowed m ferhhsc themselves
again under a net, and the seedlings reared from these seeds
formed the third self-fertilised generation. Both lots of seeds,
after germinating on bare sand, were planted in pairs on
the opposite sides of two pots. All the remaining seeds were
sown crowded on opposite sides of a third pot; but as all the
self-fertilised seedlings in this latter pot died before they grew
to any considerable height, they were not measured. The
plants in Pots L and IL were measured when between 7 and
8 inches in height, and the crossed exceeded the self-fertilised
in average height by 1-57 inches. When fully grown they were
again measured to the summits of their flower-heads, with the
following result:—

Tasre XXXL
No.of Pot. crome Pante. | SR E

o Inchs | Inches

L 18 1 19

21 | 21
| 183 | 194

R Nl
I | 19 164
18 i
17 141
21§ ‘ 161
Total in inches. 13388 | 11475

The average height of the seven crossed plants is here 19-12
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inches, and that of the seven self-fertilised plants 16-39, or as
100 to 86. But as the plants on the self-fertilised side grew
very unequally, this ratio eannot be fully trusted, and is probably
too 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 soven 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
last experiment having been put into competition with plants
self-fertilised for threo generations, which moreover grew very
unequally, I resolved to repeat the trial on a larger scale, and
in o rather different manner. I obtained seeds of the same
crimson variety of 7. 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
crossed by pollen taken from plants raised from seed sent me by
Dr. Durando from Algiers, where the parent-plants had been cul-
tivated for some generations. These latter plants differed in hav-
ing pale pink instead of crimson flowers, but in 1o other respect.
That the cross had been effective (though the flowers on the erim-
son mother-plant had not been was well shown when the
thirty i for twenty-four of them 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 case
offers a good instance of & result which not rarely follows
from crossing varieties having differently coloured flowers;
namely, that th donot blend, those
cither of the father or mother plant. The seeds of both lots,
after germinating on sand, were planted on opposite sides of
cight pots. When fully grown, the plants were measured to
the summits of the flower-heads, as shown in the following
table:—
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Tapre XXXIL
Theris umbellata : O significs that the Plant died.
1 Plants from Spon-
5 Piants from a Cros B
A Plents rom o Cuse ‘ ey St
Inches. Inches.
i ‘ 18§ 174
17¢ | 16¢
17§ | 13}
20§ 15
. | 20 0
15} 16§
17 15§
1L 193 13¢
18] 143
158 | 134
1v. 17} | 0y
18] 14§
17 16
15 159
| 14§ 14§
.
VI
VL
VIIL
Total in inches.

The average height of the thirty crossed plants is here
1734, and that of the twenty-nine self-fertilised plants (one
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having died) 1551, or as 100 to 89. T am surprised that the

fference did not prove somewhat greater, considering that in
the last experiment it was as 100 to 86; but this latter ratio, as
before explained, was probably too great. In should, however,
be observed that in the last experiment (Table XXXL), the
crossed plants competed with plants of the third self-fertilised
generation; whilst in the present case, plants derived from a
eross with a fresh stock competed with self-fertilised plants of
the first generation.

The erossed plants in the present case, as in the last, were
more fertile than the sclt-fertilised, both lots being left un-
covered in the greenhouse. The thirty crossed plants produced
103 secd-bearing flower-heads, as well as some heads which
yielded no sceds; whereas the twenty-nine self-fertilised plants
produced only 81 seed-bearing heads; therefore thirty such
plants would have produced 83-7 heads. We thus get the
ratio of 100 to 81, for the number of seed-bearing flower-heads
produced by the crossed and self-fertilised plants. Moreover, a
number of seed-bearing heads from the crossed plants, com-
pared with the samo number from the self-fertilised, yielded
seeds by weight, in_ the ratio of 100 to 92. Combining these
two elements, viz., the number of seed-bearing heads and the
weight of seeds in each head, the productiveness of the crossed
to the self-fertilised plants was as 100 to 75,

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

VIL. PAPAVERACEZE.—PAPAVER VAGUN.
A sub-species of P. dubium, from the south of France.

The poppy does not secrete nectar, but the flowers are highly
conspicuous and are visited by many pollen-collecting bees,
flies and beetles. The anthers shed their pollen very early, and
in the case of P. rhaas, it falls on the circumference of the
radiating stigmas, so that this species must often be self-ferti-
lised; but with 2. dubium the same result does not follow
(according to H. Miiller, “ Die Befruchtung,’ p. 198), owing to
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the shortness of the stamens, unless the flower happens to stand
inclined. The present species, therefore, does not seem so well
fitted for self-fertilisation as most of the others. Nevertheless
. vagum produced plenty of eapsules in my garden when insects
were excluded, but only late in the season. T may here add that

i produces an of self-
ferhlmed capsules, as Professor H. Hoffmann likewise found to
e 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. Some little time
after the flowers had expanded, several were fertilised with
their own pollen, and others (not castrated) with pollen from a
distinet individual; but I have reason to believe, from observa-
tions subsequently made, that these flowers had been already
fertilised by their own pollen,as this process seems to take place
soon after their expansion.t I raised, however, a few seedlings
of both lots, and the self-fertilised rather exceeded the crossed
plants in height.

Early in the following year T acted differently, 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 out of twelve capsules,
spontaneously self-fertilised at the same time, were found to
contain no good seeds; and the remaining eight contained on
an average 6'6 seeds per capsule. But it should be observed
that later in the season the same plants produced under a net
plenty of very fine spontaneously self-fertilised capsules.

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

* «Zur Speciesfrage, 1875, p. 58.  done “on the second day, or even

1, Mr. 3. Beott found  Repart . fow hours after tho cipansion
on the Ex, tal Culiure of of tho flower on. the first day,
the Opium oppy ? Caleutta, 1874, ial fertilisation had alread,
P. 47), in the case of Papaver som- effected, and a few

miferum, that if be cut away the seeds were almost invariably pro-
stigmatio surfuce beforo tho  duced?” This poves at how curly
flower had expunded, no seeds a period fertilisation takes place
were produced: but it this was
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no difference. When fully grown, the flower-stalks were
measured to the summits of the seed eapsules, with the follow-
ing result :

TasLe XXXIIL

Papaver vagum.
No.ofPol. | Crossed Plants. | Selbfetilsed Plants.

| Inches, ’ Inches.
% 243 21

30 26§
184 16

1L 144 | 159

2 20

19§ 14]

21§ 164

1L 20, 193

20, 133
20 18

v. 259 233
2§ 2

v. 20 18
273 27

9 213

Total in inches. 32875 20313

The fifteen crossed plants here average 21-91 inches, and the
fifteen self-fertilised plants 19-54 inches in height, or as 100 to
89. These plants did not difier in fertility, as far as could be
judged by the number of capsules produced, for there were
seventy-five on the crossed side and seventy-four on the self-
fertilised side.

ESCHSCHOLTZIA CALIFORNICA.

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

Twelve flowers on some plants in my flower-garden were
fertilised with pollen from distinet plants, and produced twelve
capsules; but one of these contained no good seed. The seeds
of the eleven good capsules weighed 17-4 grains. Eighteen
flowers on the same plants were fertilised with their own pollen
and produced twelve good capsules, which contained 1361
grains weight of seed. Therefore an equal number of crossed
and self-fertilised capsules would have yielded seed by weight
as 100 to 71* If we take into account the fact that a much
greater proportion of flowers produced capsules when crossed
than when self-fertilised, the relative fertility of the crossed to
the self-fertilised flowers was as 100 to 52. Nevertheless thesc
plants, whilst still protected by the net, spontaneously produced
a considerable number of self-fertilised capsules.

The seeds of the two lots after germinating on sand were
planted in pairs on the opposite sides of four large pots. At
first there was mo 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

TapLe XXXIV.
Eschscholtzia ealifornica.

Niort, | | il D
B [ Inches, Inches,
I 35 25
1L
L
1v. ‘
Total in inches. i

* Prof. Hildebrand experi-  average eighty-five seeds, whilst

wmented on plants in Germany
a larger seale than I did, and
found them much more self-sterile.
Eighteen_capsules, produced by
cross-fertilisation, coutained on an

fourteen capsules from sclf-ferti-
lised flowers contained on an
average only nine seeds; that is,
a5 100 o 11: * Jahrb, fiir Wissen,
Botanik.” B, vil. p. 467.
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the cases which follow that this result was accidental, owing to
only a few plants having been measured, and to one of the
self-fertilised plants having grown only to  height of 15 inches.
The plants had been kept in the greenhouse, and from being
drawn up to the light had to be tied to sticks in this and the
following trials. They were measured to the summits of their
flower-stems.

The four crossed plants here average 2068 inches, and the
four self-fertilised 25°56 in height; or as 100 to 86. The
remaining seeds were sown in a large pot in which a Cineraria
had long been growing; and in this case again the two crossed
plants on the one side greatly exceeded in height the two self-
fertilised plants on the opposite side. The plants in the above
four pots from having been kept in the greenhouse did not
produce on this or any other similar oceasion many capsules;
but the flowers on the crossed plants when again erossed were
much more productive than the flowers on the self-fertilised
plants when again self-fertilised. These plants after sceding
were eut down and kept in the greenhouse; and in the
following year, when grown again, their relative heights were
reversed, as the self-fertilised plants in three out of the four
pots were now taller than and flowered before the crossed

lants.

Crossed and self-fertilis-d. Plants of the Second Generation.—The
fact just given with respect to the growth of the cut-down
plants made me doubtful about my first trial, so I determined
to make another on & larger scale with crossed and self-fertilised
seedlings raised from the crossed and self-fertilised plants of
the last generation. Eleven pairs were raised and grown in
competition in the usual manner; and now the result was
different, for the two lots were nearly equal during their whole
growth. It would therefore be superfiuous to give a table of
their heights. When fully grown and measured, the crossed
averaged 32'47, and the self-fertilised 32-81 inches in height;
oras 100 to 101, There was no great difference in the number
of flowers and capsules produced by the two lots, when both
were left freely exposed to the visits of insects,

Plants raised from Brazilian Sced.—Fritz Milller sent me from
South Brazil seeds of plants which were there absolutely
sterile when fertilised with pollen from the same plant, but
were perfectly fertile when fertilised with pollen from any
other plant. The plants raised by me in England from these
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seeds were examined by Professor Asa Gray, and pronounced
to belong to E. californica, with which they were identieal 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 a maxi-
mum in one of sixteen seeds. Therefore the cross-fertilised
capsules, compared with the self-fertilised, yielded seeds in the
ratio of about 100 to 15. These plants of Brazilian parentage
differed also in a marked manner from the English plants in
producing extremely fow spontaneously self-fertilised capsules
un $

Crossed and self-fertilised seeds from the above plants, after
germinating on bare sand, were planted in pairs on the opposite
sides of five large pots. The seedlings thus raised were the
grandchildren of the plants which grew in Brazil; the parents
having been grown in England. As the grandparents in
Brazil absolutely require cross-fertilisation in order to yield
any 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 to
those raised from self-fertilised flowers. But the result showed
that my anticipation was erroneous; for as in the last experi-
ment with plants of the English stock, so in the present one,
the self-fertilised plants exceeded the crossed by a little in
height. It will be sufficient to state that the fourteen crossed
plants averaged 4464, and the fourteen self-fertilised 45-12
inches in height; or as 100 to 101.

The Effects of a Cross with afresh Stock.—I now tried a different
experiment. Eight flowers on the self-fertilised plants of the
last experiment (i.e., grandehildren of the plants which grew in
Brazil) were again fertilised with pollen from the same plant,
and produced five capsules, containing on an average 27-4
seeds, with a maximum in one of forty-two seeds. The scedlings
raised from these seeds formed the second self-fertilised generation
of the Brazilian stock.

Eight flowers on one of the crossed plants of the last experi-
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ment were crossed with pollén from another grandchild, and
produced five capsules. These contained on an average 816
seeds, with a maximum in one of forty-nine seeds. ~The scedlings
raised from these seeds may be called the Intercrossed.

Lastly, eight other flowers on the crossed plants of the lst
experiment were fertilised with pollen from a plant of the
English stock, growing in my garden, and which must have
been exposed during many provious generations to very different
conditions from those to which the Brazilian progenitors of the
mother-plant had been subjected. These cight flowers produced
only four capsules, containing on an average 63-2 seerls, with a
suaximum in one of ninety. . The plants raised from these sceds
wiay be called the English-crossed. ~As far as the above averages
can be trasted from so fow capsules, the English-crossed capsules
contained twico as many sceds as the intercrossed, and rather
more than twice as many as tho self-fertilised capsules. The
plants which yielded these capsules were grown in pots in the
greenhouse, so that their absolute productivencss must not be
compared with that of plants growing out of doors.

The above threo lots of seeds, viz., the self fertilised, inter-
crossed, and English-crossed, wero planted in an equal state of
germination (having been as usaal sown on bare sand) in nine
large pots, each divided into three parts by superficial partitions.
Many of the self-fertilised sceds germinated before those of the
two crossed lots, and these wero of course rejected. The
scedlings thus raised are the great-grandchildren of the plants
which grew in Brazil. When they were from 2 to 4 inches
in height, tho threo lots were equal. They were measured when
four-fifths grown, and again when fally grown, and as their
rolative heights were almost exactly the same at these two
ages, T will give only the last measurements. The average
height of the nineteen English-crossed plants was 45-92 inches;
that of the eighteen intercrossed plants (for one died), 43-38;
and that of the nincteen self-fertilised plants, 50°3 inches. So
that we have the following ratios in height:—

The English-crossed to the self-fertilised plants, as 100 to 109
English-crossed to the intercrossed plants, as 100 to 94
The intercrossed to the self-fertilised plants, as 100 to 116

After the sced-capsules had been gathered, all these plants
were cut down close to the ground and weighed. The nineteen
English crossed plants weighed 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 see that in weight, as in height, the self-fertilised
plants had a decided advantage over the English-crossed and
intererossed plants.

‘The remaining seeds of the three kinds, whether or not in a
state of germination, were sown in three long parallel rows in
the open ground; and here again the self-fertilised seedlings
exceeded in height by between 2 and 8 inches the seedlings
in the two other rows, which were of nearly equal heights. The
three rows were left unprotected throughout the winter, and all
the plants were killed, with the exception of two of the self-
fertilised ; so that as far as this little bit of evidence goes, some
of the self-fertilised plants were more hardy than any of the
crossed plants of either lot.

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

1f we now turn to the fertility of the three lots of plants we
find a very different result. Imay premise that in five out of
thenine pots the first plant which flowered was one of the English-
crossed ; in four of the pots it was a self-fertilised plant; and in
not one did an intercrossed plant flower first; so that these
latter plants were beaten in this respect, as in so many other
ways. The three closely adjoining rows of plants growing in
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the open ground flowered profusely, and the flowers were inces-
santly visited by bees, and certainly thus intererossed. The
mamner in which several plants in the previous experiments
continued to be almost sterile as long as they were covered by a
Det, 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. Tt is
1ot possible to judge from external appearance whether or not a
capsulo 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 thoso from the self-fertilised, nine were empty. The
seeds were counted in twenty-one capsules taken by chance out
of each lot, and the average number of seeds in the capsules
from the English-crossed plants was 67 ; from the intercrossed,
565 and from the self-fertilised, 4852, It therefore follows that

Seeds.

The forty-five capsules (the four empty ones in-

cluded) from the English-crossed plants contained 2747
The forty-five capsules (the five empty ones in-

cluded) from the intercrossed plants contained . 92240

The forty-five capsules (the nine empty ones in-

cluded) from the self-fertilised plants contained . 17467

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

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

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

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

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

But to have ascertained the productiveness of the three lots
of plants, it would have been necessary to know how many
capsules were produced by the same number of plants, The

12
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three long rows, however, were not of quite equal lengths, and
the plants were much crowded, so that it would have been ex-
tremely difficult to have ascertained how many capsules were
produced by them, even if I had been willing to undertake so
laborious 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 were much less fertile than those
growing out of doors, their relative fertility appeared, after care-
fully observing them, to be the same. The nineteen plants'of
the English-crossed stock in the pots produced altogether 240
capsules; the intercrossed plants (calulated as nineteen) pro-
duced 13722 capsules; and the nineteen self-fertilised plants,
152 capsules, Now, knowing the number of seeds contained in
forty-five capsules of each lot, it is easy to caleulate the relative
numbers of seds produced by an equal number of the plants of
the three lots.

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

Seeds.
Plants of English-crossed and self-fertilised
parentage . 25100 to 40
Plants of the Enghsh crossed and mtcrcxoﬁwd
parentage . as 100 to 45
Plants of the mtercmased nml self fertlllsetl
parentage. . . 5100 to 89
lants

(ﬂm is, the producc of & criabteet me grandchildren of the
plants which grew in Brazil) over the self-fertilised, small as it s,
is wholly due to the larger average number of seeds contained in
the eapsules; for the intercrossed plants produced fewer cap-
sules in the "lcenhon:u than did the self-fertilised plants. The
great of the English-crossed over
fho selffortilised plvnts is shown by the larger mumber of
capsules produced, the larger average number of contained seeds,
and the smaller number of empty capsules. As the English-
crossed and intercrossed plants were the offspring of crosses in
every previous generation (as must have been the case from the
flowers being sterils with heir own pollew), wmay concluds that
the great in of the Engli
over the intercrossed plants is due to the two parents of the
former Laving been long subjected to different conditions.
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The English-crossed plants, though so superior in productive-
ness, were, as we have seen, decidedly inferior in height and
weight to the self-fertilised, and only equal to, or hardly superior
to, the intercrossed plants. Therefore, the whole advantage of &
cross with a distinet stock is here confined to productiveness, and
T have met with no similar case.

VIII. RESEDACE/E.—RESEDA LUTEA.

Seeds collected from wild plants growing in this neighbour-

00d were sown in the kitchen-garden ; and several of the
seedlings thus raised were covered with a net. OF these, some
were found (as will hereafter be more fully described) to be
absolutely sterile when left to fertilise themseives 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 few spon-
tancously self-fertilised capsules. The remaining plants were
left uncovered, and as pollen was carried from plant to plant by
the hive and humble-becs 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 and of . odorata; for those
plants, which set no seeds or very few as long as they were
protected from inscets, became loaded with capsules immediately
that they were uncovered.

Seeds from the flowers spontancously self-fertilized under the
net, and from flowers natarally crossed by the bees, were sown on
opposite sides of five large pots. The seedlings were thioned 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
iuto the open ground. The same number of plants of crossed
and self-fertilised parentage wero measured up to the snmmits
of their flower-stems, with the result given in the following
table (XXXV.). Those which did not produce flower-stems were
not measured.

The average 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-fortilised did not doso. Tho
above pairs, whilst still in flower, but with some eapsules 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.

Tape XXXV.
Reseda lutea, in pots,
T
No. of Pot. ‘ Crossed Plants. Self-fertilised Plants.
| Inches, Inches.
1 a1 123
143 16
191 | 1%
7 | 153
154 19)
1L 204 ‘ 124
17§ 163
23 | 16§
17] 134
20§ 13§
piin 16} ‘ 14l7
17§ 19
16§ 207
10 74
10 | L1
v. 221 9
| 19 114
187 1
164 | 16
] e 161
V. 258 14§
22 16
8¢ 143
18§ 14}
Total ininches. | 41225 ‘ 85086

Sceds of the same two lots were also sown in two adjoining
rows in the open ground. There were twenty crossed plants in
the one row and thirty-two self-fertilised plants in the other
row, so 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 to interfere with each other’s
growth, and the ground was bare on the outside of both rows.
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These plants were better nourished than those in the pots and
grew to a greater height. The eight tallest plants in each row
were measured in the same manner as before, with the following
result:—

Tapre XXXVL
Reseda lutea, growing in the open ground,

Crossed Plants. | Sel-fertilsed Plants.

! Inches,
‘ 333
|
|

The average height of the crossed plants, whilst in full flower,
was here 28°09, and that of the self-fortilised 23-14 inches ; or as
100 to 82. Tt is a singular fact that the tallest plant in the two
rows, was one of the self-fertilised. The self-fertilised plants had
sualler and paler green leaves than the crossed. Al the plnts
in the two rows were afterwards cut down and weighed. The
fwenty crossed plants weighed 65 ounces, and twenty self-ferti-
lised (by ealculation from the actual weight of the thirty-two self-
fertilised plants) weighed 2625 ounces; or as100to 40. There-
fore the crossed plants did not exceed in weight the self-fertilised
plants in nearly so great a degree as those growing in the
pots, owing probably'to the latter having been subjected to more
sovere mutual competition. On the other hand, they exceeded
the self-fertilised in height in a slightly greater degree.

RESEDA ODORATA.

Plants of the common mignonette were raised from purchased
seed, and several of them were placed under separate nets. Of
these some became loaded with spontancously self-fertilised cap-
sules; others produced.a fow, and others not a single one. It
‘must not be supposed that these latter plants produced no seed
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becauso their stigmas did not receive any pollen, fur they were
repeatedly fertilised with pollen from the same plant with no
effect; but they were perfectly fertile with pollen from any other
plant. Spontaneously eelf-fertilised seeds were saved from one
of the highly self-fertile plants, and other seeds were collected
from the plants growing ontside the nets, which bad been
crossed by the bees. These sceds after germinating on sand
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—th t We here
have the result :—

Tapie XXXVIL
Reseda odorata (seedlings from a highly Self-fertile Plant).

P T p—

L

| Total in fuches. 522:25 42850

| 26§
|

The average height of the nineteen crossed plants is here
27-48, and thatof the nincteen self-fertilised 9255 inches ; or as
100 to 82, Al these plants were cut down in the carly autumn
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and weighed : the crossed weighed 11°5 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 seeds 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 :—

Tapin XXXVIIL
Reseda odorata, growing in the open ground.

Crossed Plants. | Self-fertilsed Plants.

Inches., | Inches
i 2

Tosan}206-13 216:75

The average height of the cight crossed plants is 2576, and
that of the eight fertilised 27095 or as 100 to 105.

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

Another experiment was now tried: all the self-fertilised
capsules, though very few in number, were gathered from one of
the semi-self-sterile plants under anet ; and as several flowers on
this same plant had been fertilised with pollen from a distinet
individual, crossed sceds were thus obtained. I expected that the
seedlings from this semi-self-sterile plant would have profited
in a higher degree from a cross, than did the seedlings from

the fully self-fertile plants. Butmy anticipation was quite wrong,
for theyprofited in a less degree. An analogous result followed in
the case of Eschscholtzia, in which the offspring of the plants of
Brazilian 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
solf-fortile 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 (secdlings from « semi-self-sterile Plant),

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

| Inches,
a1

Inches,
L 334

.

X 348 24§
37} 34
313 227
33 81}

Total in inches. | 599°75 554:25

The average height of the twenty crossed plants is here 29-98,
and that of the twenty self-fertilised 2771 inches; or as 100 to
92. These plants were then cut down and weighed; and the
crossed in this case exceeded the self-fertilised in weight by a mere
trifle, viz., in the ratio of 100 to 9. The two lots, left frely
exposed to insects, seemed to be equally fertile,

The remainder of the seed was sown in two adjoining rows in
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the open ground ; and the cight tallest plants in each row wero
measured, with the following result

Tasie XL.
Reseda odorata (seedlings from a semi-self-sterile Plant, planted
in the open ground).
Crosed Plants, | Selffetilisd Plants,
T e | e |
T i | 223
22 24}
2 23§
25§ 214
29 22}
27 7§
29§ 2774
26§ ’ 19§
Toalindo07-58 | 188:38

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

IX. VIOLACEZ.—VIOLA TRICOLOR.

Whilst the flowers of the common cultivated heartsease are
young, the anthers shed their pollen into a little semi-cylin-
drical passage, formed by the basal portion of the lower petal,
and surrounded by papille. The pollen thus collected lies
close heneath the stigma, but can seldom gain access into its
cavity, except by the aid of insects, which pass their proboscides
down this passage into the nectary.* Consequently when I
covered up a large plant of a culfivated variety, it set only
eighteen capsules, and most of these contained very few good
seeds—soveral from ouly one 1o throo; whercas an cqually fine

* The flowers of this plant Benn(!tf-. in *Nature, May 15,
have been fully descril by 1&7‘3 p- 50; and some rum\rks
Sprengel, Hildebrand, Delpino, Mr Kitehener, ibid.
and H. Miiller. The latter author Thz fucts which follow nn tlw
sums up all the previous obser- effects of covering up a plm
wvations in his * Befruchtung der of V tricolor have m quot

lamen,’ and in ‘ Nature, ir J. Lubbock in hlu ‘Brmxh
20,1878, p. 44. Seoulso M7, A, W, Wild Flawors ke p. 6
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uncovered plant of the same variety, growing close by, produced
105 fine capsules. The few flowers which produce capsules when
insects are excluded, are perhaps fertilised by the curling inwards
of the petals as they wither, for by this means pollen-grains
adhering to the papille might be inserted into the cavity of the
stigma. But it is more probable that their fertilisation is effected,
as Mr. Bennett suggests, by Thrips and certain minute beetles
which haunt the flowers, and which cannot be excluded by any
net. Humble-bees are the usual fertilisers; but I have more than
once seen flies (Khinyis rostrata) at work, with the under sides of
their bodies, heads and legs dusted with pollen; and having
marked the flowers which they visited, I found them after a few
days fertilised.* Tt 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, 1
observed many times daily for more than ‘a fortnight some large
clumps of heartsease growing in my garden, before I 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

* T should add that this fly
apparently did not suck the nec-
tar, but was attracted by the pu-

ille which surround the stigma.

Miller als0 saw a small bee, an
‘Andrena, which could not reach
the nectar, repeatedly insertin
its proboscis beneath the stigma,
whire the papile o situstod
50 that these papille must be in
somo way attractive ot &

itor assorts (¢ Zoologist! vol

i 3 a moth
(Plusia) fn»qm.ntly vits  tho
flowers of the pansy.
do not ordinarily visit thum, but
u case_hias been’ recorde e
deners’ Chronicle,” 1844, p. 874)

/

of these bees doing so. H. Miiller
s also seen the hive-bee at work,
but ouly on the wild small-
flowered form. He gives a list
(* Nature, 1873, p. 45) of all the
inseets which he has seen visiting
both the largo and small-lowered
forms. From his account, I sus-
pect i tho fo owors of plants in
a state of n: visited more

ing the flowers of wild plants,
and this I have never observed in
gardens, though I have watched
the flowers during many years.
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fertilisation, and as they are not visited by insects nearly so often
as most other nectar-secreting flowers, we can understand the
remarkable fact discovered by H. Miiller and deseribed 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 are adapted to be crossfer-
tilised by them ; whilst the other form has much smaller and
less conspicuously coloured flowers, which are constructed on a
slightly different plan, favouring self-fertilisation, and are thus
adapted to ensure the propagation of the species. The self-
fertile form, however, is occasionally visited, and may be crossed
by insects, though this is rather doubtful.

Inmy first experiments on Viola tricolor I was unsuccessful in
raising seedlings, and obtained only one full-grown crossed and
self-fertilised plant. The former was 12} inches and the latter 8
inches in height. On the following year several flowers on a
fresh plant were crossed with'pollen from another plant, which
was known to be a distinct seedling; and to this poin it is im-
portant to attend. Several other flowers on the same plant
were fertilised with their own pollen. The average mumber
of seeds in the ten crossed capsules was 187, and in the twelvo
self-fortilised capsules 1283 or as 100 to 69. Theso seeds,
after germinating on bare sand, were planted in pairs on the
opposite sides of five pots. They were first measured when
about a third of their full size, and the crossed plants then
averaged 887 inches, and the self-fertilised only 2-00 inches in
height; or as 100 to 52. They were kept in the greenhouse, and
did not grow vigorously. Whilst in flower they were again
measured to the summits of their stems (seo Table XLL), with
the following result:—

The average height of the fourteen crossed plants is here5°58
inches, and that of the fourteen self-fertilised 2-87; or as 100 to
49, Tn four out of the five pots, a crossed plant flowered before
any one of the self-fertilised ; as likewise oceurred with the pair
raised during the previous year. These plants without being
disturbed were now turned out of their pots and planted in the
open ground, so as to form five separate clumps. Early in the
following summer (1869) they flowered profusely, and being
visited by bumble-bees set many capsules, which were carefully
collected from all the plants on both sides. The crossed plants
produced 167 capsules, and the self-fertilised only 17; or as
100to 10. So that the crossed plants were more than twice the
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height of the self-fertilised, generally flowered first, and produced
ten times as many naturally fertilised capsules.

TasLe XLL

Viola tricolor.

No.ofPot. | Crossed Plants, | Self-ertlised Plants.
. Tnches, Tnches.
2 83

74 24
5 13

1. 5 6

4 4
4 3}
L 94 8}
3% 13
8¢ 0}
1v. 43 24
43 14
4 2f

\ 6
| 34 i
Total in inches. } 7813 83:25

By the early parh of the summer of 1870 the crossed plants in
all the five clumps had grown and spread so much more than
the selffertilised, that any comparison between them was
superfluous. The crossed plants were covered with a sheet of
Dloom, 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,
T estimated that the surface covered by the erossed plants was
about nine times as large as that covered by the self-fertilised
plants, The extraordinary superiority of the crossed over the
self-fertilised plants in all five clumps, was no doubt due to
the crossed plants at flst having had a decided advantage 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 a
greater degree; for my plants grew in ground kept clear of
weeds, so that the self-fertilised had to compete ouly with the
crossed plants; whereas the whole surface of the ground is
naturally covered with various kinds of plants, all of which
have to struggle together for existence.

The ensuing winter was very severe, and in the following
spring (1871) the plants were again examined. All the self-
fertilised were now dead, with the exception of a single branch on
one plant, which bore on its summit a minute rosctte of leaves
about as large as a pea. On the other hand, all the crossed
plants without exception were growing vigorously, So that the
self-fertilised plants, besides their inferiority in other respects,
were more tender.

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

Tapie XLIL
Viola tricolor : seedlings from oross:d and self-fertilised Plants, the
parents of both sets having been Ueft to be naturally fortilised,

Naturally crosed y crossed
No.ofPot. | Plants fom artihe | Plaits rom ae
iy e P, s P
o | Inches,
e 12 g
iy 81
1L 133 o
10 1
.
| 114
| 11
61-88 .
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derived from the crossed plants flowered in all three pots before
the naturally crossed seedlings derived from the self-fertilised
plants. When both lots were in full flower, the two tallest
plants on each side of each pot were measured, and the result
is shown in the preceding table.

The average height of the six fallest plants derived from the
crossed plants ds 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
Detween 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 sct of plants having inherited a weak constitution from
their parents, the ofispring of self-fertilised flowers ; notwith-
standing that the parents themselves had been freely inter-
crossed with other plants by the aid of insects.

X. RANUNCULACE/E.—ADONIS ZSTIVALIS.

The results of my experiments on this plant are hardly worth
giving, as T remark in my notes made at the time, “secedlings,
from some unknown eanse, all miserably unhealthy.” Nor did they
ever become healthy; yet T feel bound to give the present case,
as it is opposed to the general results at which I have arrived.
Fifteen towers were crossed and all produced fruit, containing
on an average 32°5 seeds; nineteen flowers were fertilised with
their own pollen, and they likewise all yielded fruit, containing
a mhu larger average of 34°5 sceds ; or as 100 to 106. Seedlings
mised from theso seeds. In one of the pots all the self-
ortilied plants died whilst quite young; in the two others, the

‘measrements were as follows :

Tasre XLIIL
Adonis wstivalis.

No. of Pot. Crossed Mlants. | Self-fertlised Plants,
W T Inchen, Inches.
1 13
134 18§
I | 163 153
| 133 15
Total in inches. 57:00 5725
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The average height of the four crossed plants is 14-25, and
that of the four self-fertilised plants 14-31; or as 100 to 100-4;
50 that they were in fact of equal height. According to Professor
H. Hoffmann,* this plant is proterandrous ; nevertheless it yields
plenty of seeds when protected from inscets.

DELPHINIUM CONSOLIDA.

It has been said in the case of this plant, as of so many
others, that the flowers are fertilised in the bud, and (h1t
distinet plants or varieties can never naturally intercr
this is an error, as we may infer, firstly from the flowers Ixmg.
proterandrous,—the mature stamens bending up, one after the
other, into the passago 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 poller,
from a distinct plant than when spontaneously solf-fertilised. In
the year 1863 T enclosed a large branch in a net, and crossed five
flowers with pollen from a distinet plant; these 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 sume
branch produced twenty-eight spontancously self-fertilised cap-
sules, containing on an average 17-2 seeds, with a maximum in
one of thirty-six seeds. But six of these capsules wero very poor,
yielding only from one to five. seeds; if these are excluded, the

twenty-two capsules give an average of 209 sceds,

though many of these seeds were small. The fairest ratio,

therefore, for the number of sceds produced by a cross and by

spontaneous self-fertilisation is as 100 to 59, These seeds were
not sown, as T had too many other experiments in progress.

Tn the summer of 1867, which was a very unfavourable one,

T again erossed several flowers under a net with pollen from a
distinet plant, and fertilised other flowers on the same plant with
their own pollen. The former yielded a much larger proportion
of eapsules than the latter ; and many of the seeds in the self-
fextilised capsules, though numerous, were so poor that an equal
number of seeds from the crossed and self-fertilised capsules

*® ‘Zur Speciesfrage) 1875, 3 Their structure is described
p. 1L by H. Miiller, * Befruchtung, &c.,
] Decaitne, « Comptes-Rendus/  p. 123
July, 1863, p
) K
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were in weight as 100 to 45. The two lots were allowed to
erminate 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 foliowing table :—

TapLe XLIV.
Delphinium consolida.

P [ F—
| Tnches. Inches.
o v -
1L ‘ 19 | 163
| 163 | 11§
1L, 2 22
A | 94 83
64
Total in inches. 8975

The six crossed plants here average 14-95, and the six self-
fertilised 12°50 inches in height ; or as 100 to 84. When fally
grown they were again measured, but from want of time only a
single plant on each side was measured ; so that I have thonght
it best to give the earlier mensurements. At the later period
the three tallest crossed plants still exceeded considerably in
height the three tallest self-fertilised, but not in quite so great
a degree as hefore. The pots were left uncovered in the green-
house, but whether the flowers were intercrossed by becs or self-
fertilised T do not know. The six crossed plants produced 252
mature and immature capsules, whilst the six self-fertilised
plants produced only 159 or as 100 to 56. So that the crossed
plants were very much more productive than the self-fertilised.

XI. CARYOPHYLLACEZ.—VISCARIA OCULATA.

Twelve flowers were crossed with pollen from another plant,
and yielded ten capsules, containing by weight 5-77 grains of
seeds. Eighteen flowers were fertilised with their own pollen
and yielded twelve capsules, containing by weight 2-63 grains.
Therefore the seeds from an equal vumber of crossed and self-
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fertilised flowers would have been in weight as 100 to 38. Thad
previously selected a medium-sized capsule from each lot, and
counted the seeds in both; the crossed one contained 284, and
the self-fertilised one 126 seeds; or as 100 to 44. These sceds
were sown on opposite sides of three pots, and several seedlings
raised ; but only the tallest flower-stem of one plant on each
side was measured. . The three on the crossed side averaged 325
inches, and the three on the self-fertilised side 84 inches in
height; oras 100 to 104.  But this trial was on much too small
a seale to be trusted; the plants also grew so unequally that
one of the three flower-stems on the crossed plants was very
nearly twice as tall as that on one of the others; aud one of
the three 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
scale: ten flowers were crossed on a mew set of plants and
yielded ten capsules containing by weight 654 grains of seed.
Eighteen spontaneously self-fertilised capsules were gathered,
of which two contained no seed ; the other sixteen contaived by
weight 607 grains of seed. Therefore the weight of sced from
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
cerowded 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
could be perceived in the two lots. Both lots flowered at nearly
the same time. When they had almost done flowering, the
tallest flower-stem on each plant was measured, as shown in the
following table (XLV.).

The fifteen crossed plants here average 345, and the fifteen
self-fertilised 83° 55 inches in height; or as 100 to 97. So that
theexcess of height of the crossed plants s quite insignificant. In
productiveness, however, the difference was much more plainly
marked. All the capsules were gathered from both lots of plants
(except from the crowded and unproductive ones in Pot V.), and
at the close of the season the few remaining flowers were added
in. The fourteen crossed plants produced 381, whilst the four-
teen self-fertilised plants produced only 293 capsules and flowers ;
or as 100 to 77.

K 2
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TapLe XLV.
Viscaria oculata.
No. of Pot. Crossed Plants, | Slf-fertilised Plants.
Tnches, T Inches.
1 19 32}
33 38
41 38
41 28}
bis 374
Sp it
38 |
L 44 | 36
39} | 207
39 0%
v, 303 | 36
31 | 39
331 | 29
24 | 384
¥ 303 3
Crowded.
Total in inches. | 517-68 | 50336

DIANTHUS CARYOPHYLLUS.

The common carnation is strongly proterandrous, and there-
fore depends to a large extent upon insects for fertilisation. 1
have seen only humble-bees visiting the flowers, but I dare say
other inseets likewise do so. It is notorious that if pure seed is
desired, the greatest care is necessary * to prevent the varieties
which grow in the same garden from intercrossing. The pollen
is generally shed and lost before the two stigmas in the sume
flower diverge and are ready to be fertilised. I was therefore
often forced to use for self-fertilisation pollen from the same
plant instead of from the same flower. Buton two occasions,
when T attended to this point, I was not able to detect any
marked difference in the number of seeds produced by these two
forms of self-fortilisation.

* Gardeners’ C]m)mcle, m,, P. 268,
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Several single-flowered carnations were planted in good soil,
and were all covered with a net. Eight flowers were crossed
with pollen from a distinet plant and yielded six capsules,
containing on an average 88 6 seeds, with 4 maximum in one of
112 seeds. Eight other flowers were self-fertilised in the
‘manner above described, and yielded seven capsules containing
on an average 82 seeds, with  maximum in one of 112 seeds-
So that there was very little difference in the number of seeds
produced by cross-fertilisation and self-fertilisation, viz., as
100 to 92. As these plants were covered by a met, they pro-
duced spontaneously ouly a fow capsules containing any seeds,
and these fow may perhaps be attributed to the action of
Thrips and other minute insects which haunt the flowers. A
large majority of the spontancously self-fertilised capsules pro-
duced by several plants contained no seeds, or only a single one.
Excluding these latter capsules, I counted the sceds in eighteen
of the finest ones, and these contained on an average 18 seeds.
One of the plants was spontancously self-fertile in a higher degrec
than any of the ofhers. On another oceasion a single covered-up
‘plant produced spontancously cighteen capsules, but only two of
these contained any seed, namely 10 and 15.

Crossed and self-fertilised Plants of the First Generation—The
many seeds obtained from the above crossed and artificially
self-fertilised flowers were sown out of doors, and two large beds
of seedlings, closely adjoining one another, thus raised. This
was the firs plant on which 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 sclf-fertilised. Judging from
subsequent measurements, we may assume that the crossed
plants, were about 28 inches, and the self-fertilised about
924 inches in height; and this will give us a ratio of 100 to
8. 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
were again crossed with pollen from a distinct plant of the same
Tot, and yielded twenty-nine capsules, mmmm, on an aver
5562 seeds, with a maximum in one of 110 sceds

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

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

ation, 5 inches high, the self fertilised plants wero 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
37 and 164 inches i height; and the two tallest flower-stems
on the self-ertilised plants 10} and 9 inches; so that their
heights were as 100 to 58. But this ratio, deduced from only
two pairs, obviously s not in the least trustworthy, and would
not have been given had it not been otherwise supported. T
state in my notes that the crossed plants were very much more
Iuxuriant than their opponents, and seemed to be twice as
Dulky. 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 same lot, and some flowers on the self-
fertilised plants again self-fertilised; and from the seeds thus
obtained the plants of the next generation were raised.

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

The
a

@ The Combplete Work of Charles Darwin Online



Crar. IV. CROSSED AND SELF-FERTILISED PLANTS. 133

Tape XLV
Diantlius caryophyllus (Third Generation).

T e Toes |

1 283 50

a7 26

L. 29 307

29y | 74
1L | 28¢
. | 234

v, | o =
334
Total in inches. | 227 13 | 225-75

The average height of the eight crossed plants is here 28°39
inehes, and of the eight self-fertilised 28-21; or as 100 to 99.
So that there was no difference in height worth speaking of;
but in general vigour and luxuriance there was an astonishing
difference, as shown by their weights. After the sced-capsules
had been gathered, the eight crossed and the eight self-fertilised
plants were cut down and weighed; the former weighed 43
ounces, and the latter only 21 ounces; or as 100 to 49.

Theso plants were all kept under a net, so thut the capsules
which they produced must have been all spontaneously self-
fertilised. The eight crossed plants produced twenty-one such
capsules, of which only twelve contained any seed, averaging
85 per capsule. On the other hand, the eight self-fertilised
plants produced no less than thirty-six capsules, of which I
examined twenty-five, and, with the exception of three, all
contained seeds, averaging 1063 sceds per capsule. Thus the
proportional number of seeds per capsule produced by the plants
of erossed origin to those produced by the plants of self-fertilised
origin (both lots being spontancously self-fertilised) was as 100
10125, This anomalous result is probably due to some of the
self-fertilised plants having varied so as to mature their pollen
and stigmas more nearly at the same time than is proper to
the species; and we have already seen that some plants in the
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first experiment differed from the others in being slightly more
slf-fertile.

Tl Effects of @ Cross with a fresh Stock.—Twenty flowers on the
self-fertilised plants of the last or third gencration, 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 seeds)
on an average 47-23 seeds, with a maximum of seventy in one.
The self-fertilised capsules from the self-fertilised plans of the
first generation yielded the much lower average of 35°95 seeds;
but as these latter plants grew extremely crowded, nothing can
be inferred with respect to this difference in their self-fertility.
The seedlings raised from the above seeds constitute the plants
of the fourth self-fertilised generation in the following table
(XLVIL).

Twelve flowers on the same plants of the third self-fertilised
generation, in Table XLVI., were crossed with pollen from the
crossed plants in the same table. These crossed plants had been
intercrossed for the three previous gencrations; and many of
them, no doubt, were more or less elosely inter-related, but not
50 closely as in some of the experiments with other species; for
soveral carnation plants had been raised and crossed in the
earlier generations. They were not related, or only in a distant
degree, to the self-fertilised plants. The parents of both the
self-fertilised and crossed plants had been subjected to as nearly
as possible the same conditions during the three previous genera-
tions. The above twelve flowers produced ten capsules, contain-
ing on an average 48-66 seeds, with a maximum in’one of
seventy-two seeds. The plants raised from these seeds may be
called the intercrossed.

Lastly, twelve flowers on the same self-fertilised plants of the
third generation were crossed with pollen from plants which
Tad een raised from seeds purchased in London. 1t is almost
certain that the plants which produced these seeds had grown
under very different conditions to those to which my self-
fertilised and crossed plants had been subjected; and thoy were
in no degree related. The above twelve flowers thus crossed
all produced capsules, but these contained the low average-of
3741 seeds per capsule, with a maximum in one of sixty-four
seeds. Tt is surprising that this eross with a fresh stock did not
give a much higher average number of seeds; for, as we shall
immediately soe, the plants raised from these seeds, which may
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be called the London-crossed, benefited greatly by the cross, both
in growth and fertility.

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

Tapie XLVIL
Dianthus caryophyllus.

NoofPot, | Lomdorerosscd ypercrossed Planta) - Siflertlised
by Tnches.
293
+
1L 223
+
. 28§ 301
i 23§
| 334 354 30
28] 32 248
V. 2 544 5
i 24 +
4 32 | 247 303
3 | 26 24
VIL a1y 297 73
| 341 26§ 27
VIIL 34§ 29 267
28 0 o
25§ 28§ 3
g + 0
x| 284
+
Total in inches. 420°00
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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 seedling
died before it was measured; and a + signifies that the plant
did not produce a flower-stem, and_ therefore was not measured.
Tt deserves notice that no less than eight out of the cighteen self-
fertilised plants either died or did not flower; whereas only
three out of the eighteen intercrossed, and four out of the twenty
London-crossed plants, were in this predicament. The self-
fertilised plants had a decidedly less vigorous appearance
than the plants of the other two lots, their leaves being
smaller and narrower. In only one pot did a self-fertilised plant
flower before one of the two kinds of crossed piants, between
which there was no marked difference in the period of flowering.
The plants were measured to the base of the calyx, after they
had completed their growth, late in the autumn.

The average height of the sixteen London-crossed plants in
the preceding table is 3282 inches; that of the fifteen inter-
crossed plants, 28 inches; and that of the ten self-fortilised
plants, 2655,

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 self-fertilised as 100 to 95

‘These three lots of plants, which it should be remembered
were all derived on the mother-side from plants of the third
self-fertilised generation, fertilised in threo 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 gathered and kept separate, the empty or bad ones being
thrown away. But towards the middle of October, when the
capsules conld no longer ripen, all were gathered and were
counted, whether good or bad. The capsules were then crushed,
and the soed cleaned by sieves and weighed. For the sake of
uniformity the results are given from caleulation, as if there had
Deen twenty plants in each lot.

The sixteen London-crossed plants actually produced 286
capsules; therefore twenty such plants would have produced
8575 capsules; and from the actual weight of the seeds, 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 2093 capsules,
and the seeds would have weighed 20848 grains

The ten self-fortilised plants actually produced 70 capsules;
therefore twenty of them would have pludutml 140 capsules ;
and the seeds would have weighed 1532 grains.

TFrom these data we get the following b

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

Weight of seeds produced by an equal wumber 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 intercrossed, as 100 to 45
The intererossed to the self-fertilised, as 100 to 73

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

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

Colour of the Flowers.—The flowers produced by the self-fertilised
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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 the intercrossed plants of the fourth generation were
likewise nearly uniform in colour. On the other 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 expected, and as is the general
rule with seedling carnations. It deserves notice that only two
or three of the London-crossed plants produced dark crimson
flowers like those of their fathers, and only a very few 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.

XII. MALVACEZE.—HIBISCUS AFRICANTS.

Many flowers on this Hibiscus were crossed with pollen from
a distinet plant, and many others were self-fertilised. A rather
laxger proportional mumber of the crossed than of the self-
fertilised flowers yielded capsules, and the crossed capsules con-
tained rather more seeds. The self-fertilised seeds were a little
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.

Tapre XLVIIL

Hibiscus africanus.

PRI - -
o Inches | Toches
L | 13§ 163
14 14
8 7
1y 204
5300 57:75
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four crossed plants average 13-25, and the four self-fer-
d 1443 inches in height; or as 100 to 109. Here we have
‘unusual ease of self-fertilised plants exceeding the crossed

; but only four pairs were measured, and these did not
‘well or equally. T did not compare the fertility of the two
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CHAPTER V.
GERANIACEX, LEGUMINOSY, ONAGRACEZ, ETC.

Pelargonium zonale, a cross between plants propagated by cuttings
good—Tropwolum minus—Limnanthes douglasii—Lupinus

luteus and pilosus—Phascolus multiflorus and vulgaris—Tathyrus
odoratus, varieies of, nover naturally intereross in Eoglaad-— Pisum
sativum, varieties of, rarely intercross, but a cross between them
highly beneficial—Sarothamnus scoparius, wonderful effects of a
cross—Ononis minutissima, cleistogene flowers of—Summary on
the Leguminos—Clurkia_eloguns—DBartonia_aurea— Passiflora

— Lactuca
sativa—Specularia speculum—Lobelia ramoss, advaniages of
eross during Tobelin ila insigis,

great advantages of a cross—Borago ul’hcmulls—No}un& prostrata.

XIII. GERANIACEZE.—PELARGONIUM ZONALE.

T plant, as a general rule, is strongly proterandrous,* and
is therefore adapted for cross-fertilisation by the aid of insects.
Some flowers on a common scarlet variety were self-fertilised,
and other flowers were crossed with pollen from another plant;
but n0 sooner had I done so, than I remembered that theso
plants had been propagated by cuttings from the same stock,
and were therefore parts in a strict sense of the same individual.
Nevertheless, having made the cross 1 resolved to save the seeds,
which, after germinating on sand, were planted on the opposite

* 3. J. Denny, o great muiser  which alap b pisil frequently
of new varitios of pelargonius,  short 0 when it expands it is
after stating that this species is smothered as it were by the
proterandrous, adds (+The Florist  bureting anthers; these veyieticy
and Pomologist; Jan. 1872, p. 11)  are great seeders. each pip being
“there are some vericties, espe- fertilised by its own pollen. 1
cially those with petuls of a pwk  would_instance Christine as an
colour, or which possess a weakly  example of this fuct.” We lave
constitution, where the pistil ex- here an interesting case of va-
pands s soon as or even before yiubility in an important func-
the pollen-bag bursts, and in tional point.
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sides of three pots. Tn one pot the qnasi-crossed plant was very
soon and ever afterwards taller and finer than the self-fertilised.
In the two other pots the seedlings on both sides were for a time
exactly equal ; but when the self-fertilised plants were about
10 inches in height, they surpassed their antagonists by a little,
and ever afterwards showed a more decided and increasing
advantage; so that the self-fertilised plants, taken altogether,
were somewhat superior to the quasi-crossed plants. In this
case, as in that of the Origanum, if individuals which have been
asexually propagated from the same stock, and which have been
long subjected to the same conditions, are crossed, no advantage
whatever is gained.

Several flowers on another plant of the same varicty were
fertilised with pollen from the younger flowers on the same plant,
50 as to avoid using the old and long-shed pollen from the same
flower, as I thought that this latter might be less efficient than
fresh pollen.  Other flowers on the same plant were crossed with
fresh pollen from a plant which, although closely similar, was
known to have arisen as a distinet 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.

Tapre XLIX.
Peluargoninm zomale.

s P, }w.;m,mmm

T R
1 224 | 254
| 19§ | 12}
Bt
1L | 198
| | 2
1L | 304 ‘
| 184 |
i, oy
v. | 38
Total in inches. ‘ 15650 116-38

When the two lots of seedlings were between 4 and 5 inches in
height they were equal, excepting in Pot V., in which the crossed
plant was much the tallest. When between 11 and 14 inches
in height, they were measured to the tips of their uppermost
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leaves; the crossed averaged 13+46, and the self-fertilised 11-07
inches in height, or as 100 to 82. Five montas later they were
again measured in the same manner, and the results are given
in the preceding table.

The seven crossed plants now averaged 2235, and the soven
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 seven was
killed by the operation, whilst three of the self-fertilised plants
never recovered. There was, therefore, no nse in keeping any of
the plants excepting those in Pots I and IIL; and in the
following year the crossed plants in these two pots showed during
their second growth nearly the same relative superiority over
the self-fertilised plants as before.

TROPZOLUM MINUS.

The flowers are proterandrous, and are manifestly adapted
for 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 distinet plant and produced
eleven capsules, containing altogether twenty-four good sceds.
Tighteen flowers were fertilised with their own pollen and
produced only eleven capsules, containing twenty-two good
seeds; so that a much larger proportion of the crossed than of
the self- femhsed flowers produced capsules, and the crossed
capsules contained rather more seed than the self-fertilised in
the ratio of 100 to 92. The seeds from the self-fertilised capsules
were however the heavier of the two, in the ratio of 100 to &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, 5o that they ascended to an unusual height. In three
of the pots the crossed plants flowered first, but in the fourth
at the same time with the self-fertilised. When the seedlings
were between 6 and 7 inches in height, the crossed began to
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~ show a slight advantage ovor their opponents. When grown to
a considerable height the cight tallest crossed plants averaged
44°43, and tho eight tallest self-fertilised plants 37-34 inches,
or as 100 to 8. When their growth was completed they were
‘again measured, as shown in the following table:—

TasLe L.
Tropacolum minus.
No. of Pot. Crossed Plants. | Selffertlised Plants.
Incles. Incles.
L 65 31
50 45
1. 69 42
35 45
i 70 504
594 55§
IV 614 374
574 614
Total in inches. 4675 3680

The eight tallest crossed plants now averaged 58-43, and the
cight tallest sclf-fertilised plants 46 inches in height, or as 100
079 -

There was also a great difference in the fertility of the two
lots which were left uncovered in the greenhouse. On the 17th
of September the capsules from all the plants were gathered,
‘and the seeds counted. The crossed plants yielded 243, whilst

 the same number of self-fertilised plants yielded only 155 seeds,
- oras 100 to 64.

LIMNANTHES DOUGLASIL
~ Several flowers were crossed and self-fertilised in the usual
manner, but there was no marked difference in the number of
 which they yielded. A vast number of spontaneously self-
capsules were also produced under the net. Seedlings
raised in five pots from the 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 self-fertilised plants were measured
to the tips of their leaves; the former averaged 7°3 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 fally grown,
were again measured to the summits of their ripe capsules, with
the following result :—

Tapik LIL
Limnanthes douglasii.
T
No.ofPot. | Cromed Plants, | Sclffertlised Plants.
3 Inches. Inches.
1 17, 15}
17§ 164
13 1

s

v, 204 134

1 14 13
| 18 123

V. | 17 | 14

18§ 14

14§ ‘ 12§

Total in inches. 279°50 i 20775

The sixteen crossed plants now averaged 17+46, and the
ifteen (for ono had died) self-fertilised plants 18-85 inches in
height, or s 100 to79. Mr. Galton considers that a higher ratio
would be fairer, viz., 100 0 76. He made a graphical representa-
tion of the above measurements, and adds the words very
£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. LEGUMINOSZE.
Tn this family T experimented on the following six
genera, Lupinus, Phaseolus, Lathyrus, Pisum, Saro-
thamnus, and Ononis.

LuriNvs LUTEUS*
A few flowers were crossed with pollen from a distinct plant,
but owing to the unfavourable season only two crossed seeds
were produced. Nine seeds were saved from flowers spon-
tancously self-fertilised under a net, on the same plant which
yielded the two crossed seeds. One of these crossed sceds was
Sown in a pot with two self-fertilised seeds on the opposite side;
the latter came up between two and three days before the crossed
seed. Tho socond crossed sced was sown in like manner with
seeds on th ite side; thesel
o about a day before the crossed one. In both pots, therefore,
from germinating later, were at first com-
plmlybe-m Dy the self-fertilised; nevertheless, this state of
things was afterwards completely reversed. The seeds were
sown late in the autumn, and the pots, which were much too
small, were kept in the greenhouse. The plants in consequence
grew badly, and the self-fertilised suffered most in both pots.
The two crossed plants when in flower during the following spring
were 9 inches in height; one of the self-fertilised plants was
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
uq:n-tcly in larger pots produced several spontaneously self-
fertilised pods under a net, and seeds from these were used in the
following experiment.
Crossed and selffertilised Plants of the Second Generation— The

|
]
;

* The structure of the flowers ) 1872, p. 499) that
of this plant, and their manner of  * there is a cavity at the back and
have been described  base of the vexillam, in which 1

by H. Miiller, * Bofruchitung,’ &.  have not been able to find nectar.
o R towers do not  but the been which cosiantly
free nectar, and bees gen-  visit these flowers, certainly go to
nnyvldﬁ Ghom fo their pollen, fhis eavity for whnt they yaut,

. Farrer, however, remarks and not to the staminal tube.”

L2
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spontaneously self-fertilised sceds just mentioned, and crossed
sceds 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
before the crossed! The measurements are given in the
following table :—

Tapue LIT
Lupinus luteus,
No.ofPot. | Crossed Plants,  Selfertlised Plants.
| > B Inches.
333 | 244
304 184
30 | 28
I 204 2
30 | 2
T Gy Sy
1. 304
31
313
Total in inches. | 246-25

The eight crossed plants here average 80°78, and the eight
self-fertilised 25°21 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 8 seeds, so that the seeds
from an equal number of plants were as 100 to 88.

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

Two other crossed and self-fertilised seeds of the same lot,
after germinating on sand, were planted on the opposite sides of
a large pot, in which a Calceolaria had long been growing,
and were therefore exposed fo unfavourable conditions : the
two crossed plants ultimately attained a height of 204 and
20 inches, whilst the two self-fertilised were only 18 and 94
inches high.

LUPINUS PILOSUS.

From a series of accidents T was again unfortunate in obtaining
a 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. 1 raised at first
only a single crossed scedling, 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 latter died without maturing a single pod. Several self-
fertilised seeds had been planted at the same time separately
in the open ground ; and the two tallest of these were 33 and
82 inches, whereas the one crossed plant was 38 inches in height.
This latter plant also produced many more pods than did any
one of the self-fertilised plants, although growing separately. A
few flowers on the one crossed plant were crossed with pollen
from one of the self-fertilised plants, for I had no other crossed
plant from which to obtain pollen. One of the self-fertilised
plants having been covered by a net produced plenty of spon-
taneously self-fertilised pods.

Crossed and itised Plants of the Second Generation—From
crossed and self-fertilised seeds obtained in the mammer just
described, T succeeded in raising to maturity only a pair of
plants, which were kept in a pot in the greenhouse. The crossed
plant grew to a height of 33 inches, and the self-fertilised to
that of 264 inches. The former produced, whilst still kept in
the greenhouse, eight pods, containing on an average 2°77 seeds;
and the latter only two pods, containing on an average 2'5
seeds. The average 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 generations 80°5; or as 100
to 86.*

PHASEOLUS MULTIFLORUS.

This plant, the searlet-ranner of English gardeners and the P.
coccineus of Xk, originally eame from Mexico, as I 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-pefal, as they can best suck the nectar
from this side. Their weight and movements depress the petal,
and this causes the stigma to protrude from the spirally-wound
keel, and a brash of hairs round the stigma pushes out the pollen
bofore it. The pollen adheres to the head or proboscis of the
bee which is at work, and is thus placed either on the stigma
of the same flower, or is carried to another flower.t Several
years ago I covered some plants under a large net, and these
produced 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 I moved the wing-petals of several protected flowers, in
the same manner as bees do, and these produced remarkably

* We Liere see that both Lup
s Tuteus wnd sced frecly
when insects are excluded; but
Mr. Swale, of Christelureh, in
New Zealand, informs me (sco
*Gardeners' Chronicle,’ 1638, 7.
528) that the garden vi
15 il . -t VAT l-y
any bees, and that they seod less
freely than any other introduced
leguminous plant, with the excep-
tion of red clover. 1
have, for amusement, during the
summer, released the stamens with
a i a pod of seed s alvays
me for my trouble, the
& flowers, not 10 sorved
lmvlng 1l proved hiind. T do
not know to what species this
statement refers.
+ The flowers have been de-
scribed by Delpino, and in an
admirable manner by Mr. Farrer

In tho  Anuels and Mag, of Nat.
Hist. series) Oct.
1868, p. N, n_ Francis
has axplnmed\ ture; Jun. 5,
1674, p. 189)the use of ono pecu:
in their structure, namely,
o vertical projestion on tis

single freo ase,

sacuus placed as f fo gaard
t.he anlnnoe into the two nectar-
holes in the staminal sheath.
He shows that this projection pre-
vents the bees reaching the nectar,
unless they go to the left side of
the flower, uad it s abaclutely
necessary for _cross-fertilisation
thnt they should alight on the

eners’ Chronicle, 1857,
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fine pods. When the net was taken off, the flowers were imme-
dintely visited by bees, and it was interesting 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 these minute inseots. Dr. Ogle likewise covered up a large
portion of a plant, and “out of a vast number of blossoms thus
protected not a single one produced a pod, while the unprotected
blossoms were for the most part fruitfal” Mr. Belt gives a
more curious caso; 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 feel nearly sure that
individuals of the same variety or of different varieties, if growing
near each other and in flower at the same time, would inter-
cross; but I cannot myself advance any direct evidence of such
an oceurrence, as only a single variety is commonly cultivated in
England. T have, however, received an account from the Rev.
W. A. Leighton, that plants raised by him from ordinary seed
produced seeds differing in an extraordinary manner in colour
and shape, leading to the belief that their parents must have
been crossed. In France M. Fermond more than once planted
close together varicties which ordinarily come trae and which
bear differently coloured flowers and seeds; and the offspring
thus raised varied so greatly that there could hardly be a doubt
that they had intercrossed.t On the other hand, Professor H.
Hoffmann} does not believe in the natural crossing of the
varicties; for although seedlings raised from two varieties growing
close together produced plants which yielded sceds of a mixed
character, he found that this likewise ocourred with plants sepa-
rated by a space of from 40 to 150 paces from any other variety ;
he therefore attributes the mixed character of the seed to sponta-

* Dr. Ogle, * Pop. Science Re-  proper manner.
view, 1870, p. 168. Mr. Belt, 1 ‘Fécondation chez les Végé-
“The Naturalist in Nicaragua’ tous, 1839, pp. 34-40. He adds
1874, p. 70. The latter author that M. Villiers has described a
gives o case (‘Nature! 1875, spontancous hybrid, which he
P.26) of a late crop of P. multi- calls P. coccineus hybridus, in the
car London, which *was ¢ Annales de la Soc. R. de Horti-
ndersd buren” by tho homble- - onltune! June 1664,
bees cutting, us they frequently ¢ Bestimmung des Werthes
o, oles st o bases of the flowors  von Species und Varietit, 1869,
cad of entering them in the  pp. 47-72.
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neous variability. But the above distance would be very far from
sufficient to prevent intercrossing: cabbages have been known to
cross at several times this distance; and the careful Gartner*
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, ho attributes the partial sterility of
these flowers to the injurious effects of the bags, and not to the
exclusion of insects. But the only safe method of experimenting
is to cover up a whole plant, which then never suffers.

Self-fertilised seeds were obtained by moving up and down in
the same manner as bees do the wing-petals of flowers protected
Dy a net; and crossed sceds were obtained by crossing two of the
plants under the same net. The secds 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
in height, the plants on the two sides were equal. The crossed
plants flowered beforo the sclf-fertilised in both pots. As soon
as one of each pair had grown to the summit of its stick both
were measured.

Tasie LITL
Phaseolus mailtiflorus.
. 0
No.of Pot, | Crossed Plants, | Self-fertilised Plants.

e Inches, | lnches.
T ! 8 84§

| 88 87

| 824 76
1L | 90 64
824 | 874

Total in inches. | 430°00 a1

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 few observations serve, the advantage gained by a cross is
very small, i i

* <Kenntuiss der Befruchtung,” 1844, pp. 573, 577.
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TPHASEOLUS VULGARIS.

With respect to this species, I merely ascertained that the
flowers were highly fertile when insects were excluded, as indeed
must bo the case, for the plants are often forced during the
winter when no insects are present. Some plants of two varieties
(viz., Canterbury and Fulmer's Forcing Bean) were covered with
anet, and they seemed to produce as many pods, containing as
‘many beans, as some uncovered plants growing alongside; but
neither the pods nor the beans were actually counted. This
difference in self-fertility between P. vulgaris and maltiflorus is
remarkable, as these two species are so closely related that
Linnawus thought that they formed one.  When the varieties of .
wulgaris grow near one another in the open ground, they some-
times cross largely, notwithstanding their capacity for self-
fertilisation. Mr. Coe has given me a remarkable instance of
this fact with respect to the negro and a whiteseeded and
a brown-seeded variety, which were all grown together. The
diversity of character in the seedlings of the second generation
Taised by me from his plants was wonderful. I could add other
analogous cases, and the fact is well known to gardeners.*

LATHYRUS ODORATUS.

Almost everyone who has studied the structure of papi-
Tionaceous flowers has been convinced that they are specially
adapted for cross-fertilisation, although many of the species are
likewise capable of self-fertilisation. The ecase therefore of
Zathyrus odoratus or the sweet-pea is curious, for in this
country it seems invariably to fertilise itself. I conclude that
this i 50, as five varieties, differing greatly in the colour of their
flowers but in no other respect, are commonly sold and come
true; yet on inquiry from two great raisers of seed for sale, T
find that they take no precautions to insure purity—the five
varieties being habitually grown close together I have myself
purposely made similar trials with the same result. Although
the varieties always come true, yet, as we shall presently see, one

* 1 luvo given Mr. Covs cuse ture) 1872 p. 242, to the eamo

in the *Gurdeners’ Chronicle —effect. hawcm, saw

1858, p. sm oo alto for another g \lsxtmg the fow

tase, id, Pou b 1 Miin coousion thiy
TS0 Mr. & Earley in ‘Na-  would have been intercrossed.
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of the five well-known varieties occasionally gives birth to another,
which exhibits all its usual characters. Owing to this curious
fact, and to the darker-coloured varieties being the most pro-
ductive, these increase, to the exclusion of the others, as T was
informed by the late Mr. Masters, if there be no selection.

Tn order to ascertain what would be the effect of crossing two
varicties, some flowers on the Purple sweet-pea, which has &

dark reddish-pasple standard-petal with violet-colonred wing:
petals and keel, were castrated whilst very young, and were
fertilised with pollen of the Painted Lady. This latter variety
has a pale cherry-coloured standard, with almost white wings
and keel. On two occasions I raised from a flower thus crossed
plants perfectly resembling both parent-forms; but the greater
number resembled the paternal variety. So perfect was the
resemblance, that T should have suspected some mistake in the
label, had not the plants, which ere at first identical in appear-
ance with the father or Painted Lady, later in the season produced
flowers blotched and streaked with dark purplé. This is an in-
teresting example of partial reversion in the same individual
plant as it grows older. The purple-flowered plants were thrown
away, as they might possibly have been the product of the
aceidental self-fertilisation of the mother-plant, owing to the
castration not having been effectual. But the plants which
resembled in the colour of their flowers the paternal variety or
Painted Lady were preserved, and their sceds saved. Next
summer many plants were raised from these seeds, and they
generally resembled their grandfather the Painted Lady, but
most of them had their wing-petals streaked and. stained with
dark pink; and a few had palo purple wings with the standard
of a darker crimson than is natural to the Painted Lady, so
that they formed a new sub-variety. Amongst these plants
& single one appeared having purple flowers like those of the
gmndmother, but with the petals slightly streaked with a paler
his was thrown away. Sceds were again saved from the
furegomg plants, and the seedlings thus raised still resembled
the Painted Lady, or great-grandfather; but they now varied
much, the standard petal varying from pale to dark red, in a
few instances with blotches 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-
cessive generations in close proximity, wermay infer that they
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cannot have intercrossed.  What does occasionally occur is that
in & row of plants raised from seeds of one variety, another
variety true of its kind appears ; for instance, in a long row of
Scarlets (the seeds of which had been carefully gathered from
Searlets for the sake of this experiment) two Purples and one
Painted Lady appeared. Seeds from these three aberrant plants
were saved and sown in separate beds. The seedlings from both
the Parples were chiefly Purples, but with some Painted Ladies
and some Scarlets. The seedlings from the aberrant Painted
Lady were chiefly Painted Ladies with some Scarlets. Each
variety, whatever its parentage may have been, retained all its
characters perfect, and there was no streaking or blotching of
the colours, as in the foregoing plants of crossed origin. Another
variety, however, is often sold, which is striped and blotched
with dark purple; and this is probably of crossed origin, for T
found, as well as Mr. Masters, that it did not transmit its
characters at all truly.

From the evidenco now given, we may conclude that the
varieties of the sweet-pea rarely or never intercross in this
country ; and thisis a 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 oceasional visits of insects. That insects should
sometimes fail to cross-fertilise the flowers is intelligible, for T
have thrice seen humble-bees of two kinds, as well as hive-bees,
sucking the nectar, and they did not depress the keel-petals so
25 o expose the anthers and stigma; they were therefore quite
inefficient for fertilising the flowers. One of these bees, namely,
Bombus lapidarius, stood on one side at the base of the standard
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
not being perforated by nectar-passages. On the other hand,
in the three British species of Lathyrus which I 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-pea. I may add that the staminal tube
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
afterwards. One of my sons caught an elephant sphinx-moth
whilst visiting the flowers of the sweet-pea, but this insect would
not depress the wing-petals and keel. On the other hand, T have
seen on one oceasion hive-bees, and two or three occasions the
Megachile willughbiella in the act of depressing the keel; and
these bees had tho 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
occasionally intercross, though this would not often happen, as
imsects 8o rarely act in an efficient manner? The fact cannot, as
it appears, be explained by the flowers being self-fertilised at a
very early age; for although neetar is sometimes secreted and
polien adheres to the viseid stigma before the flowers are fully
expanded, yot in five young flowers which were examined
Dy me the pollen-tubes were not exserted. Whatever the cause
may be, we may conclude, that in England the varieties never or
very rarely infercross. But it does not follow from this, that
they would not be crossed by the aid of other and larger insects
in their native country, which in botanical works is said to be
the south of Europe and the East Indies. Accordingly I wrote
to Professor Delpino, in Florence, and he informs me  that it is
the fixed opinion of gardeners there that the varieties do inter-
cross, and that they cannot be preserved pure unless they are
sown separately.”

Tt follows also from the foregoing facts that the several varieties
of the sweet-pea must have propagated themselves in England
Dy self-fertilisation for very many generations, since the time
when each new varioty first appeared. From the analogy of the
plants of Mimulus and Ipomcea, which had been self-fertilised
for several generations, and from trials previously made with
the common pea, which is in nearly the same state as the sweet-
pea, it appeared to me very improbable that a cross between the
ot ommis variety would benefit the offspring. A
cross of this kind was therefore not tried, which I now regret.
But some flowers of the Painted Lady, castrated at an early
age, were fertilised with pollen from the Purple sweet-pea; and
it should be remembered that these 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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their father, the Purple pea, excepting that they were a little
lighter coloured, with their keels slightly streaked with pale
purple. Seeds from flowers spontaneously self-fertilised under a
et were at the same time saved from the same mother-plant, the
Painted Lady. These sceds unfortunately did not germinate on
sand at the eame time with the crossed seeds, so that they could
00t be planted simultaneously.  One of the two crossed seeds in
astate of germination was planted in a pot (No. L) in which a
self-fertilised seed in the same state had been planted four days
before, £o that this latter seedling had a great advantage over
the crossed one. In Pot II. the other crossed seed was planted
two days before a self-fertilised one; so that here the crossed
seedling had a considerable advantage over the self-fertilised one.
But this crossed seedling had its summit gnawed off by a slg,
and was in consequence for a time quite beaten by the self-
fertilised plant. Nevertheless I allowed it to remain, and so
great was its constitutional vigour that it ultimately beat its un-
injured self-fertilised rival. When all four plants were almost
fally grown they were measured, as here shown :—

Tapie LIV.
Lathyrus odoratus.

L Fe—

Inches, Inches.
) 645

784 63

127°5

Total in inches. ‘

The two crossed plants here average 7925, and the two self-
fertilised 63-75 inches in height, or as 100 to 80. Six flowers on
these two crossed plants were reciprocally crossed with pollen
from the other plant, and the six pods thus produced contained
on an average six peas, with a maximum in one of seven, Eigh-
teen spontaneously self-fertilised pods from the Painted Lady,
which, as already stated, had no doubt been self-fertilised for
many previous generations, contained on an average only 393
peas, with a maximum in one of five peas; so that the number
of peas in the crossed and self-fertilised pods was as 100 to 65.
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The self-fertilised peas were, however, quite as heavy as those
from the crossed pods. From these two lots of seeds, the plants
of the next generation were raised.

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

TasLe LV.
Lathyrus odoratus (Second Generation).
T
Sedlings fom Plnts Scedlings rom Panis
£ { 4 during the | self-fertilsed during
No.ofPot. | ooy ot Genera-| " many previons
| tion Generations.
i = Inches. | Tnches.
L 72 | 574
7 | 67
524 | 563
1L | 814 66
451 381
55 |
Total in inches. 877-50

The average height of the six crossed plants is here 62°91, and
that of the six self-fertilised 55°81 inches; or as100to88. There
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.

Seeds were saved from the self-fertilised flowers on these two
lots of plants, for the sake of ascertaining whether the seedlings
thus raised would inherit any difference in growth or vigour.
1t must therefore 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 generations. The seeds germinated on sand and
were planted in pairs on the opposite sides of four pots. They
were measured, when fully grown, with the following result:—

Tasie LVL
Lathyrus odoratus.
Selfertlised Plants
No.ofPot. | Selffertliscd Flants | 4 Seiffertilised
o Pla
| Inches,
i 72
2
1L | 58 64
68 h
| 72§ 561
IIL | 81 603
Seovs Si oo SN |
774 | 764
B e e
Total in inches. | 501 | 452

The average height of the seven self-fertilised plants, the off-
spring of crossed plants, is 71°57, and that of the seven self-fer-
tilised plants, the offspring of self-fertilised plants, is 6457 ; or
as 100 to 90. The self-fertilised plants from the self-fertilised
produced rather more pods—viz., thirty-six—than the self-fer-
tilised plants from the crossed, for these produced only thirty-one
pods. s

A fow seeds of the same two lots were sown in the opposite
corners of a large box in which a Brugmansia had long been
growing, and in which the soil was so exhausted that seeds of
Tpomea purpurea would hardly vegetate; yet the two plants of
the sweet-pea which were raised flourished well. For a loug
time the self-fertilised plaut from the self-fertilised beat the self-
fertilised plant from the crossed plant; the former flowered first,
and was at one time 77} inches, whilst the latter was only 68} in
Teight; but ultimately the plant from the previous cross showed
its superiority and attained a height of 108} inches, whilst the
other was only 95 inches. T also sowed some of the same two
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ots of seeds in poor soil in a shady place in a shrubbery. ~Here
again the self-fertilised plants from the self-fertilised for a long
time exceeded considerably in height those from the previously
crossed plants; and this may probably be attributed, in the
present as in the last case, fo these sceds having germinated
rather sooner than those from the crossed plants; but at the
close of the season the fallest of the self-fertilised plants from
the crossed plants was 80 inches, whilst the tallest of the self-
fertilised from the self-fertilised was 293 inches in height.

From the various facts now given we see that plants derived
from a cross between two varietics of the sweet-pea, which differ
in no respect except in the colour of their flowers, exceed
considerably in height the offspring from self-fertilised plants,
both in the first and sccond generations. The crossed plants
also transmit their superiority in height and vigour to their
self-fertilised offspring.

PISUM SATIVUM.

The common pea is perfectly fertile when its flowers are pro-
tected from the visits of insects; I 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 attractive and convenient position for
insects; the conspicuous vexillum; the wings forming an alight-
ing place; the attachment of the wings to the keel, by which
any body pressing on the former must press down the latter;
the staminal tube enclosing nectar, and affording by means of its
partially free stamen with apertures on each side of its base an
open passage to an insect secking the mectar; the moist and
s'.icky ‘pollen placed just where it will be swept out of the apex
of the keel against the entering insect; the stiff elastic style so
placed that on a pressure being applied to the kel it will be
pushed upwards out of the keel; the hairs on.the style placed
on that side of the style only on which there is space for the
pollen, and in such a direction as to sweep it out; and the
stigma 5o placed as to meet an entering insect,—all theso
become correlated parts of one elaborate mechanism, if we
*Nature, “10, 1872, p.  d jon C
179, 1. Mo g gives an e f:u.::mg ;ln. ey i
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suppose that the fertilisation of these flowers is effected by the
earringe of pollen from one to the other” Notwithstanding theso
‘manifest provisions for cross-fertilisation, varieties which have
been cultivated for very many successive generations in close
proximity, although flowering at the same time, remain pure. I
have elsewhere® given evidence on this head, and if required
could give more. There can hardly be a doubt that some of
Knight's varicties, which were originally produced by an artificial
eross and were very vigorous, lasted for at least sixty years, and
during all these years were self-fertilised; for had it been other-
wise, they would not have kept true, as the several varieties
are generally grown near together.  Most of the varieties, how-
ever, endure for a shorter period; and this may be in part due
to their weakness of constitution from long-continued self-
ilisation.

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

* Variation of Animals and ¢Var. under Domestication,’
Plants under Domestication,  chap. xi. 2nd edit, vol. i. p. 425.
chap. ix. 20d edit, vol. i. p. 315,

M
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numely, tho early age at which the pollen-tubes are oxserted ;
cight flowers not fally expanded were examined, and in seven of
these the pollen-tubes were in this state; but they had not as
yet penctrated the stigma. Although so few insects visit the
Hlowers of the pea in this country or in North Germany, and
although the anthers seem here to open abnormally soon, it does
not follow that the species in its native country would be thus
cireumstanced.

Owing to the varieties having been self-fertilised for many
enerations, and to their having been subjected in each genera-
tion to nearly the same conditions (as will be explained in a
future chapter), I did not expect that a cross between two such
plants would benefit tho offspring ; and so it proved on trial. In
1867 I covered up several plants of the Early Emperor pea, which
was not then a very new variety, so that it must already have
Deen propagated by self-fertilisation for at least a dozen genera-
tions. Some flowers were crossed with pollen from a distinct

+ plant growing in the same row, and others were allowed to
fertilise themselves under a met. 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 :—

Tapue LVIL
Pisum sativum,
No. of Pot. Crossed Plants. | Sel-fertilised Plants.
— = e
I 35 29§
i a4 51
35 45
87 33
Total in inches, 138+50 15876

The average height of the four crossed plants is here 3462,
and that of the four self-fertilised plants 39-68, or as 100 to 115.
So that the crossed plants, far from beating the self-fertilised,
were comletely beaten by them,
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re can be 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
been self-fertilised for many previous generations, each would
almost certainly have possessed its own peculiar constitution;
and this degree of differentiation would have been sufficient to
make a cross highly beneficial. I have spoken thus confidently
of the benefit which would have been derived from crossing any
two varieties of the pea from the following facts: Andrew
Knight in speaking of the results of crossing reciprocally very
tall and short varieties, says,* “I had in this experiment a
striking instance of the stimulative effects of crossing the breeds ;
for the smallest variety, whose height rarely exceeded 2 feet,
was increased to 6 feet; whilst the height of the large and
luxuriant kind was very little diminished.” Recently Mr. Laxton
has made numerous crosses, and everyone has been astonished at
the vigour and Iuxuriance of the new varieties which he has thus
raised and afterwards fixed by selection. He gave me seed-peas
produced from crosses between four distinet kinds; and the
plants thus raised were extraordinarily vigorous, being in each
case from 1 to 2 or even 3 feet taller than the parent-forms,
which were raised at the same time close alongside. But as
1did not measure their actual height I cannot give the exact
ratio, but it must have been at least as 100 to 75. A similar
trial was subsequently made with two other peas from a different
cross,and the result was nearly the same, For instance, a crossed
seedling between the Maple and Purple-podded pea was planted
in poor soil and grew to the extraordinary height of 116 inches;
whereas the tallest plant of either parent variety, namely, a
Purple-podded pea, was only 70 inches in height; oras 100 to 60.

‘SAROTHAMNUS SCOPARIUS.

Bees incessantly visit the flowers of the common Broom, and
these are adapted by a curious mechanism for cross-fertilisation.
When a bee alights on the wing-petals of a young flower, the
Keel is slightly opened and the short stamens spring out, which
rub their pollen against the abdomen of the bee. If a rather
older flower is visited for the first time (or if the bee exerts great
force on a younger flower), the keel opens along its whole
length, and the longer as well as the shorter stamens, together

1799, p. 200.
M 2

* ¢ Philosophical Transactions,
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with the much elongated curved 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 the bee flies away, the pistil
instantly curls round, so that the stigmatic surface is now up-
turned and oceupies a position, in which it would be rubbed

the abdomen of another bee visiting the same flower.
Thus, when the pistil first escapes from the keel, the stigma
is rubbed against the back of the bee, dusted with pollen
from the longer stamens, either of the same or another flower;
and afterwards against the lower surface of the bee dusted
with pollen from the shorter stamens, which is often shed a
day or two before that from the longer stamens.* By this
‘mechanism cross-fertilisation is rendered almost inevitable, and
we shall immediately see that pollen from a distinet plant is
more effective than that from the same flower. I need only add
that, according to H. Miiller, the flowers do not secrete nectar,
and he thinks that bees insert their proboscides only in the hope
of finding nectar; but they act in this mamer so frequently and
for 5o long a time that I cannot avoid the belief that they
obtain something palatable within the flowers.

If the visits of bees are prevented, and if the flowers are
not dashed by the wind against any object, the keel mever
opens, so that the stamens and pistil remain enclosed. Plants
thus protected yield very few pods in comparison with those
produced by neighbouring uncovered bushes, and sometimes
none at all. I fertilised a few flowers on a plant growing
almost in a state of nature with pollen from another plant
close alongside, and the four erossed capsules contained on
an average 9-2 seeds. This large number no doubt was due
to the bush being covered up, and thus not exhausted by
producing many pods ; for fifty pods gathered from an adjoining
plant, the flowers of which had been fertilised by the bees,
contained an average of only 7-14 seeds. Ninety-three pods
spoutancously self-fertilised on a large bush which had been
covered up, but had been much agitated by the wind, contained
an average of 2°93 seeds. Ten of the finest of these ninety-

ix. 1866, p. 358 H. Miiller has
since published a full and excel-
o lent account of the flower in Lis
 Souuntlahie s B okt 2l “Befruchtung, &e. p. 240.
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three capsules yielded an average of 430 seeds, that is less than
half the average number in the four artificially crossed capsules,
The ratio of 7-14 to 293, or as 100 to 41, is probably the
fairest for the mumber of seeds per pod, yielded by naturally-
crossed and spontancously self-fertilised flowers. The crossed
seeds compared with an equal number of the spontancously self-
fertilised sceds were heavier, in the ratio of 100 to 88, We thus
see that besides the
the flowers are much more productive with pollen from a
distinct plant than with their own pollen.

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

Tapue LVIIL
Sarothammus scoparius (very young plants).

] RS
Incles Tnches.
L 4 24
6 1§
2 i 1
1L 2 14
24 1
% o
Total in inches. 175 ‘ 80

The six crossed plants here average 2°91, and the sis self-
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fertilised 1+33 inches in height; so that the former were more
than twice as high as the latter, or as 100 to 46.

Tn the spring of the succeeding year (1869) the three crossed
plants in Pot I. had all grown to nearly a foot in height, and they
had smothered the three little self-fertilised plants so completely
that two 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 IL. 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 in a
very poor condition. I therefore resolved toleave these plants to
struggle together for some years. By the autumn of the same
year (1869) the sclf-fertilised plant which had been victorious
was now beaten. The measurements are shown in the following
table :—

Tasts LIX.
Pot TL—Sarothamnus scoparius.

Crossed Plants, | Self-fertilised Plants.

Inches. Tnches.
158 13}
of 3
8§ | 24

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

Tapte LX.
Pot TL—Sarothamnus scoparius.
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The three crossed plants now averaged 18-91, and the three
self-fertilised 1183 inches in height; or as 100 to 63. The three
crossed plants in Pot T, as already shown, had beaten the three

f-fertilised plants so that any ison between
them was superfluons.

The winter of 1870-1871 was severe. In the spring the three
crossed plants in Pot I1. had not even the tips of their shoots in
the least injured, whereas all three 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 ltter
plants bore a single flower during the ensuing summer of 1871,
whilst all three crossed plants flowered.

(ONONIS MINUTISSIMA.

This plan, of which seeds were sent me from North Italy, pro™
duces, besides the ordinary papilionaceous flowers, minute, imper-
fect, closed or cleistogene flowers, which can never be cross-forti-
lised, but are highly solf-fertile. Some of the perfeet flowers were
crossed with pollen from a distinet plant, and six capsules thus
produced yielded on an average 366 sceds, with a maximum
of five in one. Twelve perfect flowers were marked and allowed
to fertilise themselves spontancously under a net, and they
yielded cight capsules, containing on an average 238 seeds, with
4 maximum of three secds in one. So that the crossed and self-
fertilised capsules from tho perfect flowers yielded seeds in the
proportion of 100 to 65.  Fifty-three capsules produced by the
eleistogenc flowers contained on an average 4°1 seeds, 5o 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 the crossed perfect flowers and from the self-
fertilised cleistogene flowers were allowed to germinate on sand ;
but only two pairs germi at the same time.
‘These were planted' on the opposite sides of the same pot, which
was kept in the greenhouse. In the summer of the same year,
when the seedlings were about 43 inches in height, the two lots
were equal. In the autamn of the following year (1868) the two
crossed plants were of exactly the same height, viz., 11¢ inches,
and the two self-fertilised plants 12¢ and T# inches; so that one
of the self-fertilised 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 sclf-fertilised plants was 14§ and 11§ inches.
By the autumn of 1870, the heights were as follows :—

Tasue LXL
Ononis minutissima.

nches. ‘ Tnches.
207 174
19¢ 174
39-63 | 475

So 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 8S.
It should be remembered that the two lots were at first equal in
height; that one of the self-fertilised plants then had the advan-
tage, the two crossed plants being at lust vietorious.

Summary on the Leguminose.—Six genera in this
family were experimented on, and the results are in
some respects remarkable. The crossed plants of the
two species of Lupinus were conspicuously superior to
the self-fertilised plants in height and fertility ; and
when grown under very unfavourable condmons, in
vigour. The scarlet (Phaseolus iflorus) 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.  Phaseolus vulgaris is perfectly self-fertile ;
nevertheless, varieties growing in the same garden
sometimes intercross largely. The varieties of Lathyrus
odoratus, on the other hand, appear never to intercross
in this country ; and though the flowers are not often
visited by efficient insects, I cannot account for this
fact, more especially as the varieties are believed to
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intercross in North Italy. Plants raised from a cross
between two varieties, differing only in the colour of
their flowers, grew much taller and were under un-
favourable conditions more vigorous than the self-ferti-
lised plants ; they also transmitted, when self-fertilised,
their superiority to their offspring. The many varietics
of the common Pea (Pisum saivum), though growing in
close 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
cross between the self-fertilised individuals of the same
variety does no good whatever to the offspring ; whilst
a cross between distinet varieties, though closely allied,
does great good, of which we have excellent evidence.
The flowers of the Broom (Sarothamnus) are almost
sterile if they are not disturbed and if insects are ex-
cluded. The pollen from a distinet plant is more
effective than that from the same flower in producing
seeds. The crossed seedlings have an enormous advaii-
tage over the self-fertilised when grown together in
close competition. Lastly, only four plants of the
Ononds minutissima were raised; but as these were
observed during their whole growth, the advantage of
the crossed over the self-fertilised plants may, T think,
be fully trusted.

XV. ONAGRACEZ.—CLARKIA ELEGANS.

Owing to tho season being very unfavourablo (867), few of
the flowers which T fertilised formed capsules; twelvo crossed
flowers produced only four, and eighteen self-fertilised flowers
yielded only one capsule. The seeds after germinating on sand
‘Were planted in three pots, but all the self-fertilised plants died
in oue of them. When the two lots were between 4 and 5
inches in height, the crossed began to show a slight superiority
over the self-fertilised. When in fall flower they were measured,
with the following result:—

@ The Complete Work of Charles Darwin Online



170 BARTONIA AUREA. Crar. V.

Tapre LXII.
Clarkia elegans,

NoofPoh | Crosed Piants. | Settsertied Piots,
S e | P
L 408 33

3 | 24

| 25 | 23

1L | 334 | 304
Total in inches. | 18440 1105

The average height of the four crossed plants is 335, and
that of the four self-fertilised plants 27-62 inches, or as 100 to
32 The crossed plants altogether produced 105 and the self-
plants 63 capsules; or as 100 to 60. In both pots a
self fertilised plant flowered before any ove of the crossed plants.

XVI. LOASACE/E,—BARTONIA AUREA.

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

TasLe LXTIT
Bartonia anrea,
|7 Tuches Taches.
L 51 37
0. 184 ‘ 20!
i 194 w;
1v. 2 35
36 154
v | 31 18
| 16 | 114
VI 20 324
Total in inches. | 197-0 210°5
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only two pairs, the results are given together. On both oceasions
the crossed capsules contained slightly more seeds than the self-
fertilised. During the first year, when the plants were about
7 inches in height, the sclt-fertilised were the tallest, and in the
second year the crossed were the tallest. When the two lots were
in fall flower they were measured, as in the preceding table.

The average height of the cight crossed plantsis 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 cause never grew well, and finally became
50 unhealthy 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 PASSIFLORACEZ.—PASSIFLORA GRACILIS.
This annual species produces spontaneously 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 & distinct
plant* Fourteen fruits from crossed flowers contained on an
average 24°14 seeds. Fourtcen fruits (two poor ones being
rejected), 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 only two pairs
came up at the same time ; and therefore a fair judgment cannot
be formed.
Tapte LXIV.
Passiflora gracili

No.ofPot. | Crossed Puants. | Selffertilised Plants.
Inches. Inches.
i | 6 58
1L 42 64
Total in inches.

‘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 and  chap. xvii. 20d edit. vol. ii. p.
Plants under Domestication,” 118,
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XVIIL UMBELLIFERZE —APIUM PETROSELINUM.

The Umbelliferse are proterandrous, and can hardly fuil to be
cross-fertilised by the many flies amd small Hymenoptera which
visit the flowers.* A plant of the common parsley was covered
by a net, and it apparently produced as many and as fine
spontaneously self-fertilised fruits or seeds as the adjoining
uncovered plants. The flowers on the latter were visited by so
many insects that they must have reccived pollen from one
another. Some of these two lots of seeds wero lft on sand, but
nearly all the sel-fertilised sceds germinated before the others,
50 that I was forced to throw all away. The remaining sceds
were then sown on the opposite sides of four pots. At first the
solf-fertilised scedlings were & little taller in most of the pots
than the naturally crossed seedlings, and this no doubt was due
to the selffertilised seeds having germinated first. But in
the autumn all the plants were so equal that it did not seem
worth while to measure them. In two of the pots they were
absolutely equal; in a third, if there was any difference, it was
in favour of the crossod 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 ais 100 to 100.

XIX. DIPSACE/E.—SCABIOSA ATRO-PURPUREA.
The flowers, which ave proterandrous, were fertilised during

Tape LXYV.
Seabiosa atro-purpurea.

No. of Pot. Croased Plants. | Selffertlised Plants
=5 TInches. TInches.
L 14 20
1. 15 144
r. 21 14
| 18§ it}
Total in inches, 685 615

* H. Milller,‘Befruchtung, &c.  phce,’tom. il.p. 58, 1859), varicties
p. 9. According to M. Mustel  of the carrot growing near each
(ns stated by Godron, <De V'Es-  other readily intercross,
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the unfavourable season of 1867, so that T got fow seeds,
especially from the self-fertilised heads, which were extremely
sterile. The crossed and self-fertilised plants raised from these
seeds were mensured before they were in full flower, as in the
preceding table.

The four crossed plants averaged 17-12, and the four self-fer-
tilised 15-37 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 pulled up; so that when they were againt measured to the
summits of their flowers, there were only three on each side;
the crossed now averaged in height 32°83, and the self-fertilised
8016 inches; or as 100 to 92.

LACTUCA SATIVA.

XX. COMPOSITZE.—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-fertilised seeds, the other two were allowed to be naturally
crossed by insects; but the season (1867) was unfavourable, and
1 did not obtain many 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
being oceasionally transported by me from plant to plant. These
two lots of seeds, after germinating on sand, were planted in
pairs on the opposite sides of Pots IL. and ITL, which were at
first kept in the greenhouse and then turned out of doors. The
plants were measured when in full flower. The following table,
therefore, includes plants belovging to two generations. When
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 occurred in so many other cases.

* The Composite are well-
.d-pwd for cross-fertilisation, but
urseryman on whom I can
nly told me that he hud been in
the hubit of sowing several kinds
]
of ueod, und_had never olr
served that they beeam

It is very improbable that all the

varie
vated near
different times; but two which T
selected by hazard and sowed
near each other did not flower at
the same time; and m;
failed.
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TasLe LXVL
Lactuca sativa.
No.of Pot. Cronsed Plants, | Sel-fetilsed Plant.
. Tohew | Inches |
i o 214
First generation, 2 20
planted in open
ground.

L.
Second generation, 104
kept in the pot.

Total i inches. 136

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 82.

XXI. CAMPANULACEE.—SPECULARIA 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 bencath the stigma; 8o that without some mechanical
aid the flowers cannot be fertilised. For instance, I covered up
a plant of Campanula carpathica, and it did not produce a single
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
scen, are the only insects that frequent the flowers* I did not
ascertain whether the naturally crossed and spontaneously self-
fertilised capsules confaived an equal number of seeds, but a
comparison of artificially crossed and self-fertilised flowers,

* It has long been known that  cleistogene s well as perfect
another species of the genus, flowers, and the former are of
Specularia perfoliata, produces  conrse self-fertile.
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showed that the former were probably th 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 becomo 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 average 217 secds, with a maximum of
forty-eight in one. Fourteen flowers were crossed with pollen
from another plant, and these produced twelve capsules, contain-
ing on an average 50 seeds, with & maximum in one of fifty-
seven sceds; 8o that the crossed seeds were to the self-fertilised
from an equal number of capsules as 100 to 72. The former
were also heavier than an equal number of self-fertilised seeds,
in the ratio 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 self-fertilisation. The two lots of sceds were

TasLe LXVIL
Specularia speculum.

NovofPot, | Tallest Crossed Plant | Tallest St fertlised
o.of Pot. | i each Pot. tant in each Pot,

il Inches. | Tnchen

I 18 | 158
IL ‘ 17 | 19
. | 22 | 18
Iv. | 20 | 2

Total in inches. 7713 \ 7575

* Mr. Mechan haslately shown {onia virginica and Ranunculus bul-
(¢ Proc. Acad. Nat. Sc. Philadel-  bosus during the night causes their
phia,’ May 16, 1876, p. 84) that self-fertilisation.

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

The four tallest crossed plants averaged 19-28, and the four
tallest self-fertilised 18-93 inches in height; or as 100 to 98.
So that there was no difference worth speaking of between the
4wo lots in height; though other great advantages are derived,
as we have seen, from cross-fertilisation. From being grown in
pots aud kept in the greenhouse, none of the plants produced
any capsules.

LOBELIA RAMOSA.*
Var. Suow-flake.

The well-adapted means by which cross-fertilisation is en-
sured in this genus have been described by several authors.t
The pistil as it slowly increases in length pushes the pollen
out of the conjoined anthers, by the aid of a ring of bristles; the
two lobes of the stigma being at this time closed and incapable
of fertilisation. The extrusion of the pollen is also aided by
insects, which rub against the little bristles that project from
the anthers. The pollen thus pushed out is carried by insects
to the older flowers, in which the stigma of the now freely
projecting pistil is open and ready to be fertilised. I proved
the importance of the gaily-coloured corolla, by cutting off the
laxge lower petal of several flowers of Lobelia 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 mame  Mag. of Nat. vol. ii. (4h
iven to {his plant in the ‘Gar-  scries) 1868, p. 260 In the allied
leners’ Chronicle,” 1866. Prof.  genus Isotuma, the curious spike
T. Dyer, however, informs mo  which projects rectangularly from
thiat it probably is a white variety  the authers, and which when
of L. tenuior Brown, from  shaken causés the pallen to fall
W. Australis. on the back of an entering inscct,

¥ See the works of Hildebrand  seems o have bren developed
and Delpino. mrer also
has given o remarkably clear which spring from the anthers in
description of the mechanism by  some of o all the species of Lo-
which: et iscffectud  belin, as described by Mr. Furrer,
in this genus, in the * Annals and
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with pollen from another plant, and two other capsules from
artificially self-fertilised flowers, The contained seeds were
sown on the opposite sides of four pots. Some of the crossed
seedlings which came up before the others had to be pulled up
and thrown away. Whilst the plants were very small there was
not much difference in height between the two lots; but in Pot
IIL the self-fertilised were for a time the tallest. When in full
flower the tallest plant on each side of each pot was measured,
and the result is shown in the following table. In all four
pots a crossed plant flowered before any one of its opponents.

Tasue LXVIIL
Lobelia ramosa (First Generation).

T
Tallest Crossed Plant | Tallest Scl-fertlised
s SR n cach Pot. | Plant in each Pot.
L
1L
1L,
.
Total in inches. | 89°0 785

The four tallest crossed plants averaged 2225, and the four
tallest self-fertilised 18-37 inches in height; or as 100 to 82, I
was surprised to find that the anthers of a good many of these
self-fertilised plants did not cohere and did not contain any
pollen; and the anthers even of a very few of the erossed plants
were in the same condition. Some flowers on the erossed plants
‘were again crossed, four capsules being thus obtained ; and some
flowers on the self-fertilised plants were again self-fertilised,
seven capsules being thus obtained. The seeds from both lots
were weighed, and it was calculated that an equal mumber of
capsules would have yielded seed in the proportion by weight of
whmmmwmehe selffarhh.sd capsules. So that
the flowers on the crossed plants again crossed were much

BE T i e o i selfferhlmd plants again self-
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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
germinated, as on the last occasion, before the self-fertilised, and
were rejected. Three or four pairs in the same state of germina-
tion were planted - the opposite sides of two pots; asngle
pairin athird all the
in a fourth pot. Whon the seedlings wero about one md a balf
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-ertilised. 1In this latter pot, when
the crossed averaged 5 inches in height, the self-fortilised were
about 4 inches; nor did they look nearly such fine plants.
Tn all four pots the crossed plants flowered some days before
the self-fortilised. When in full flower the tallest plant on each
side was measured; but before this time the single crossed
plant in Pot IIL, which was taller than its antagonist, had died
and was not measured. So that only the tallest plant on cach
side of three pots was measured, as in the following table :—

Tapue LXIX.
Lobelia ramosa (Second Generation).

; Tallest{Crossed Plant | Tallest Self-fertilised |
ks in‘each Pot. | Plant in each Poi.
Inches.
184
1L 19§
1v. | 21§ 19
Crowded. | |
Total in inches. 70 ! 57

The average height of the three tallest crossed plants is here
23-33, and that of the three tallest self-fertilised 19 inches  or as
100 to 81 Besides this difference in height, the crossed plants
were much more vigorous and more branched than the self-
fertilised plants, and it is unfortunate that they were not
weighed.
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LOBELIA FULGENS.

This species offers a somewhat perplexing case. In the first
generation the self-fertilised plants, though few in number,
greatly exceeded the crossed in height; whilst in the second
generation, when the trial was made on a much larger scale, the
crossed beat the self-fertilised plants. As this species is
generally propagated by off-sets, some seedlings were first
Taised, in order to have distinct plants. On one of these plants
several flowers were fertilised with their own pollen; and as the
pollen is mature and shed long before the stigma of the same
flower is ready for fertilisation, it was necessary to number cach
flowerand keep its pollen in paper with a corresponding number.
By this means well-matured pollen was used for self-fertilisation.
Several flowers on the same plant were crossed with pollen from
a distinet individual, and to obtain this the conjoined anthers of
young flowers were roughly squeezed, and as it is naturally

very slowly by the growth of the pistil, it s probable
that the pollen used by me was hardly mature, certainly less
mature than that employed for sclf-fertilisation. I did not at
the time think of this source of error, but T now suspect that
the growth of the crossed plants was thus injured. Anyhow the
trial was not perfectly fair. Opposed to the belief that the
pollen used in crossing was not in 5o good a state as that used
for ion,is the fact that a greater number
88 6 cromed than, of the seltfertilized flowers produced. cap.
sules; but there was no marked difference in the amount of sced
contained in the capsules of the two lots.*

As the sceds obtained by the above two methods would not
germinate when left on bare sand, they were sown on the
opposite sides of four pots; but I succeeded in raising only a
single pair of scedlings of the same age iu each pot. The self-
fertilised seedlings, when only a few inches in height, were in
most of the pots taller than their opponents ; and they flowered
50 much earlier in all the pots, that the height of the fower-
stems could be fairly compared only in Pots L. and T

* Giirtner has shown that cer-  but none of the plants on which
fain plants of Lobelia fulgens are 1 exfnmen!u‘l whieh were kept
sterile with polien from the in tl house, were in this
o plaat, though ths pollen 15 poculiar Sondition.
efficient ou any other individual

2 N 2
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TasLe LXX.
Lobelia fulgens (First Generation).
% ’._"*:...m.;. | oz
e, ‘ tilised Plants.
=3 =
2 | 33 ‘ 50
1 | 363 383
L 43

21
Not in full flower.

13 354
Not in full fower,

The mean height of the flower-stems of the two crossed plants
in Pots L and IL is here 3475 inches, and that of the two self-
fertilised plants in the same pots 4425 inches; oras 100 to 127.
The self-fertilised plants in Pots IIL 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 I 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 re)
without being disturbed in a much larger pot. In the following
year the self-fortilised plant showed even a greater superiority
than before; for the two tallest flower-stems produced by the
one crossed plant were only 2% and 30} 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
ulf-fenilised plants had a great superiority over the crossed

Omlml and k[f/zrhlued Plants of the Second Generation.—1
this oceasion to avoid the error of using pollen of

not quite equal maturity for crossing and self-fertilisation; so
that I squeezed pollen out of the conjoined anthers of young
flowers for both operations. ~Several flowers on the erossed plant
in Pot L in Table LXX. were again crossed with pollen from a
distinct plant. Several other flowers on the self-fertilised plant
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Tapue LXXL
Lolelia fulgens (Second Generation).
Crossed Plants. | Sef.fertlised Plants.
No. of Pot. Height of Flower- | Height of Flower-
‘stema. ‘stems.
Inches. Inches,
L 27§ 32
2 26
2y 2
24§ 2
1L 38
26/ 28]
25, 80,
2 82,
1L 40 30,
8 ni
82 23
34 29
32 28
29 26
27 2§
. 28} 2
27
251 ns!
24§ ‘
VL 884 e 44,
82 87
2} 87
VIL 304 27,
30, 19
29 2
VL T 28,
74 28,
36 25,
36 25
IX. 333 19
25 16
25| 19
21 18§
Total ininches. | 1014:00 92163
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in the same pot were again self-fertilised with pollen from the
anthers of other flowers on the sume plan. Thereforo the degree
of self-fertilisation was not quite o close as in the last genera-
tion, in which pollen from the same flower, kept in paper, was
used. These two lots of seeds were thinly sown on opposite
sides of nine pots; and the young seedlings were thinned, an
equal number of nearly as possible the samo age being left on
the two sides. In the spring of the following year (1870), when
the scedlings had grown to a considerablo 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-
three self-fertilised seedlings were 1354 inches; or as 100 to 96.

In the summer of the samo year soveral of these plants
flowered, the crossed and self-fertilised plants flowering almost
simultaneously, and all the flower-stems were measured. Those
produced by eleven of the crossed plants averaged 30-71 inches,
and those by nine of the self-fertilised plants 29°43 inches in
height; or as 100 to 96.

The plants in these nine pots, after they had flowered, were
repotted without being disturbed in much larger pots; and in
the following year, 1871, all flowered freely; but they had
grown into such an entangled mass, that the separate plants
on each side conld no longer be distinguished. Accordingly
three or four of the fallest flower-stems on each side of each
pot were measured; and the measurements in the preceding
table are, I think, more trustworthy than the previous ones,
from being more numerous, and from the plants being well
established and growing vigorously.

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

XXIL. POLEMONTACEZE.—NEMOPHILA INSIGNIS,

Twelve flowers were crossed with pollen from a distinct plant, -
but produced only six capsules, containing on an average 183
sceds.  Eighteen flowers were fertilised with their own pollen
and produced fen capsules, confaining on an average 127
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seeds; so that the sceds per capsule were as 100 to 69+ The
crossed seeds weighed a little less than an equal number of self-
fertilised seeds, in the proportion of 100 to 103; but this was
elearly due to some of the self-fertilised capsules containing very
few seeds, and these were much bulkier than the others, from
having been better nourished. A subsequent comparison of the
number of seeds in a fow capsules did not show o great a
superiority on the side of the crossed capsules s in the present
case.

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

Tase LXXIL
Nemophila insignis ; O means that the plant died.

|
Inches. ‘ Toches,
i L E2Y) 213
IL 344 | 234
1L 33§ 19
22§ 71
29 17§
. 354 ‘; 104
333
¥ 35 0
38 184
8 20§
374 34
323 0
Total in inches. 399-38 199-00

Seversl spcies ‘of Polemo- s (‘DﬂVm!lu.‘ 1865, p. 66)
-hou are known to be proter- ties growing near one
 androus, but T dld not attend w ...oam spontaneously intereross.
this point in Nemophila. Verl
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The plants were first measured to the tips of their leaves, before
they had flowered and when the crossed were under a foot
in height. The twelve crossed plants averaged 111 inches in
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 grown
to their full height, two of the self-fertilised died, and as T feared
that this might happen with others, they were again measured
to the wps of their stems, as shown in the preceding table.

d plants now 83-98, and the ten self-
frtilisod 199 inches in height, or as 100 to 60; 5o that they
differed somewhat less than before.

The plants in Pots TIL. and V. were placed under a net in the
greenhiouse, two of the crossed plants in the latter pot being
pulled up on necount of the death of two of the self-fertilised ;
50 that altogother 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 103, and the six self-fertilised only 80 capsules ; oras
100 to 29,

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

Taste LXXIIL
Nemophila insignis.
Salffrtlised Plants
Noormt | BRI Fan. | from Spterlised
Inches. Inches.
2 2 274
14 341
1. 174 2
244 32
. 16 7
Iv. 58 73
58 16
Total in inches. 11013 14700

@ The Complete Work of Charles Darwin Online



Cuar, V. BORAGO OFFICINALIS. 185

on the opposite sides of four small pots, and treated as before.
But many of the plants were unhealthy, and their heights were so
‘unequal—some on both sides being five times as tall as the others
—that the averages deduced from the measurements in the pre-

ing table are not in the least trustworthy. Nevertheless I
Tave felt bound to give them, as they are opposed to my general
conelusions.

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

XXIIL. BORAGINACE/E.—BORAGO OFFICINALIS.

This plant is froquented by a_greater number of bees than
almost any other one which I have observed. It is strongly
(H. Miiller, ¢ ! &e., p. 267), and the

flowers can hardly fuil to bo 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
apt to fall on the mature stigma. In the year 1863 I covered
up a plant, and examined thirty-five flowers, of which ouly
twelve yielded any seeds; whereas of thirty-five flowers o an
exposed plant growing close by, all with the exception of two
jelded seeds. Tho covered-up plant, however, produced alto-
gether twenty-five spontancously self-fertilised seeds; the exposed
plant prodllcmg fifty-five seeds, the product, no doubt, of cross-

tion.
Tn the year 1868 cighteen flowers on a protected plant were
erossed 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. Theso fruits contained
on an averago 2 sceds, with & maximum in one of three seeds.
Twenty-four spontancously self-fertilised fruits were produced
by the same plant, and these contained on an averagp 12 sceds,
with & maximum of two in one fruit. So that the fruits from
the artificially crossed flowers yiclded seeds compared with those
from the spontancously self-fertilised flowers, in the ratio of 100
10 60. But the self-fertilised soeds, as often ocours when few
; E),mdwd, were heavier than the crossed seeds in the ratio of
90.
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These two lots of seeds were sown on opposite sides of two
Targe pots; but T suceeeded in raising only four pairs of equal
age. When the seedlings on both sides were about § inches
in height they were equal. When in full flower they were
measared, as follows :—

Tapie LXXIV.
Borago officinalis.

No.ofPot. | Cromed Plants, | Seffertitied Plante.
Tnches. Tnches.
o 19 133
21 18§
164 20§
1L 267 323
Total in inches. 82:75 8475

The average height of the four crossed plants s here 20-68, and
that of the four self-fertilised 2118 inches; or as 100 to 102.
The self-fertilised plants thus exceeded the crossed in height by
a little; but this was entirely due to the tallness of one of the
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
not attend to the fertility of the two lots.

XXIV. NOLANACEZ.—NOLANA PROSTRATA.

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

number 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 o 61.

In the summer of 1867 the trial was repeated; thirty flowers
wero crossed with pollen from a distinct plant and produced
twenty-seven capsules, each containing five sceds. Thirty-two
flowers were fertilised with their own pollen, and produced only
six capsules, each with five seeds. So that the crossed and self-
fertilised capsules contained the same number of seeds, though

 many more capsules were produced by the cross-fortilised than

by the self-fertilised flowers, in the ratio of 100 to 21.

 An equal number of seeds of both lots were weighed, and the

erossed sceds were to the self-fertilised in weight as 100 to 82.
a cross increases the number of capsules produced and

the weight of the sceds, but not the number of seeds in each

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

Tapre LXXV.
Nolana prostrata.
No.of Pot. Crossed Plants. ,‘ Selertilised Plants.
Tnches. ‘ Tnches.
L 8 0!
i | 1
L | 104 144
ST 18 ‘ 18
. | 20§ | 22¢
Total in inches. | 63:75 .| 67:00

IR ive cromesi plants average 1975, and the five self!
13-4 inches in height; or as 100 to 105.
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CHAPTER VL
SOLANACEE, PRINULACEE, POLYGONER, BTC.

Potunia violacea, crossed and self-fertilised plants compared for four
tions—Effects of a cross with a fresh stock—Uniform colour
of the flowers on the self-fertilised plants of the fourth gencration
—Nicotiana tabacum, crossed and self-fertilised plants of equal
height—Great effeots of a cross with a distinct sub-variety on the
Teight, but not on the fertility, of the offspring—Cyclamen per-
sicum, crossed seedlings greatly superior to the self-fertilised—
Anagallis collina—Primula veris—Equal-styled variety of Primula
Veris, fertility of, greatly increased by a cross with a fresh stock—
Fagopyrum esculentum—Beta vulgaris—Canna warscewiczi, crossed
and self-fertilised plants of equal height—Zea mays—Phalaris
canariensis,

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

Tk flowers of this plant are so seldom visited during the day
Dy insects in this country, that T have never seen an instance ;
but my gardener, on whom I can rely, once saw some humble-
Dees at work. Mr. Meehan says,* that in the United States
bees 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 T am convinced that
& much larger proportion of flowers in my garden are cross-
fortilised by insects, for protected flowers with their own pollen
placed on the stigma never yiclded nearly a full complement of
soed ; whilst those left uncovered produced fine eapsules, 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 yielded a single capsule; and.

* ¢Proc. Acad. Nat, Sc. of Phil t
adelphia,” Aug. 2ud, 1870, p. 90, series, Bot. tom. ix, cah.

¢Annales des Se. Nat’ 4th
. 5,
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Cuar. VI. CROSSED AND SELF-FERTILISED PLANTS, 189
this may be attributed, at least in chief part, to the exclusion
of moths.

Six flowers on a plant covered by a net were crossed with
pollen from a distinct plant and produced six capsules, containing
by weight 4-44 grains of seed. Six other flowers were fertilised
with their own pollen and produced only three capsules, con-
taining only 1'49 grains weight of seed. From this it follows
that an equal number of erossed and self-fertilised capsules would
have contained seeds by weight as 100 to 67. T should not have
thought the proportional contents of so few capsules worth
giving, had not nearly the same result been confirmed by several
subsequent trials.

Seeds of the two lots were placed on sand, and many of the
sol-fertilised seods germinated before the crossed, and were
xejected. Several pairs in an equal stato of germination were
planted on the opposite sides of Pots I and IL; but only the
tallest plant on each side was measured. Seeds were also sown
thickly on the two sides of a large pot (IIL), the seedlings being
afterwards thinned, so that an equal number was left on each
side; the three tallest on each side being measured. The pots
wero kept in the greenhouse, und the plants were trained up
 sticks. For some time the young crossed plants had no ad-

vantage in height over the self-fertilised; but their leaves
were larger.  When fully grown and in flower the plants were
‘measured, as follows :i—

Tape LXXVI
Petunia violacea (First Generation),

No.ofPt. | Cromed Punts, | stbteriod P
s Inches, Tnches.
T | 30 \ 20§
1L | 344 | 274
i 34 284
304 27
25 H
Total in inches, } 154 i 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 obfained by crossing flowers on the
above crossed plants, and three other capsules by again self-
fortilising flowers on the sel-fertilised plants. One of the latter
capsules appeared as fine as any one of the crossed capsules;
Dut the other two contained many imperfect seeds. From theso
o lots of seeds the plants of the following generation were

raised.

Crossed and selffertilised Plants of the Second Generation.—As in
the last generation, many of the self-fertilised seeds germinated
before the crossed.

Sceds in an equal state of germination were planted on the
opposite sides of three pots. The crossed seedlings soon greatly
exceeded in height the self-fertilised. In Pot I., when tho tallest
crossed plant was 10} inches high, the tallest self-fertilised was
only 3} inches ; in Pot I1. the excessin height of the crossed was
not quite so great. The plants were treated as in the last gene-
ration, and when fully grown measured as before. In Pot TIL.
both the crossed plants were killed at an early age by some
animal, so that the self-fertilised had no competitors. Neverthe-
less these two self-fertilised plants were measured, and are in-
eluded in the following table. The crossed plants flowered long
before their self-fertilised opponents in Pots I and IT., and before
those growing separately in Pot TIL.

Tapue LXXVIL
Petunia violacea (Second Generation).

oo OSSR TR
|7 Inches. Tnches.
v | 573 134
36§ 8
1L ' 33
2 2%
1L 0 463
0 28}
Total in inches. 162 1575

The fotir crossed plants average 405, and the six self-fer-
tilised 2625 inches in height; or as 100 o 65.  But this great
inequality is in part accidental, owing to some of the self-
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- Car. VI CROSSED AND SELF-FERTILISED PLANTS. 191
fertilised plants being very short, and to one of the crossed being
very tall.

Twelve 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 8-75 grains of seeds.
Twelve flowers on the self-fertilised plants were again fertilised
 with their own pollen and produced no less than twelve capsulcs,
- and the six finest of these contained by weight 257 grains of
seeds. It should however be observed that these latter capsules
‘were produced by the plants in Pot IIL, which were not exposed
1o any competition. The seeds in the six fine crossed capsules
to those in the six finest self-fertilised capsules were in weight
45100 to 68. From these sceds the plants of the next generation
were raised.
Crossed wid self-fertilised Plants of the Third Generation—The
above sceds were placed on sand, and after germinating were
planted iu pairs on the opposite sides of four pots; and all the
remaining seeds were thickly sown on the two sides of a fifth large
pot. The result was surprising, for the self-fertilised seedlings
very early in life beat the crossed, and at one time were nearly
double their height. At first the caso appeared like that of
Mimulus, in which after the third generation a tall and ‘highly
self-fertile variety appeared. But as in the two succeeding
generations the crossed plants resumed their former superiority
over the self-fertilised, the case must be looked at asan anomaly.
The sole conjecture which I can form is that the crossed sceds

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

No. of Pot. Crossed Plants. ’sm—mmm Plants.
=3 T Inches, w - Int)»:i
L 1% 5¢
1 4]
11, 51 8
5¢ 6
b 4 54
1v. 14 58
Total in inches. 1963 86°50
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192 PETUNIA VIOLACEA. Cuar. VL.

had not been sufficiently x!puwd, Cd pmdmd weakly
plants, as oceurred with Tberis. When tho crossed plants were
mamammmmmnmnmmum
pots were measured to the summits of their stems, and at the
same time the six fiuest of the self-fertilised plants. The
measurements are given in the preceding table (LXXVIIL),and
it may be here seen that all the self-fertilised plants exceed

opponents in height, whereas when subsequently measured the
excess of the self-fertilised chiefly on the unusual tall:
ness of two of the plants in Pot IL The crossed plants here
average 3-27, and tho self-fertilised 608 inches in height; or
as 100 to 186, ‘

When fully grown they were again measured, as follows :—

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

1
No.ofPut. | Crosed Plants. | Selffertilisd Plants.
. Inches, |
L 414 | 40§
48 89
36 48
1L 36 | 47
| 21 | 80,
| 363 | 86,
1. | 52 | 4
v, | 57 [ 43¢
Total in inches. | 82775 | 431°00

The eight crossed plants now averaged 40-96, and the eight
self-fertilised plants 53°87 inches in height, or as 100 to 131; and
this excess chiefly depended, as already stated, on the unusual
tallness of two of the self-fertilised plants in Pot II. The self-
fertilised had therefore lost some of their former great superiority
over the crossed plants. In three of the pots the self-fertilised
plants flowered first; but in Pot IIL at the same time with
the crossed.

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

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

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

Ciar, VI. CROSSED AND SELF-FERTILISED PLANTS,

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

fertilised again self-fertilised, produced by the plants in Pot I.

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

on an average only a little taller than the crossed, were used in

experiment. They were kept separate from two

lots of seeds produced by the two plants in Pot IV. in

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

self-fertilised opponent.

- Crossed and self-fertilised Plants of the Fourth Genevation

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

Tasie LXXX.
Petunia violacea (Fourth Generation ; raised from Plants of the
* Third Generation in Pot I, Table LXXIX.).

No. of Pot. Crossed Plants, | Self-fertilised Plants.
Inches. Inches. At
L 203 301
36§ 34
49 31
1 33 31§
87 381
56§ 38§
1L | 46 451
671 45
54 233
v, 51 34
| 51 0
V. | 49 22
Crowded plants. | 46, 24,
| 40 24
53
Total in inches. 0188 | 453:50

The fifteen crossed plants average 46°79, and the fourteen
(one having died) self-fertilised plants 32°39 inches in height; or
25100 to 69. So that the crossed plants in this generation had.
recovered their wonted superiority over the self-fertilised plants;
though the parents of the latter in Pot I, Table LXXIX., were a
little taller than their crossed opponents.

Crossed and  self-fertilised Plants of the Fourth Generation
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 (raised from the Plants in Pot 1V., in Table LXXIX).—Two
seeds, obtained from the

same generation in the last experiment. We have in the follow-
ing Table LXXXIL the mensurements of the present plants.
Although the crossed plants greatly exceeded in height the self-
fertilised ; yet in three out of the five pots a self-fertilised plant
flowered before any one of the crossed ; in a fourth pot simul-
buﬁ,y and in a fifth (viz., Pot IL) a crossed plant flowered

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

No. of Pot. Cromed Plants. | Slf frtlised Plants, [
Inches. Inches,
L 46 30§
45 28
I 50§
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crossed offspring. It is unfortunate that I did not turn these
plants out of doors, o as to observe their relative fertility, for 1
compared the pollen from some of the crossed and self-fertilised
plants in Pot L, Table LXXXL, and there was o marked dif-
ference in its state; that of the crossed plants contained hardly
any bad and empty guiu whilst such abounded in the pollen
oftho selfortiised plan

kst Cross e procured from a
gnrdan in Westerham, whence my plants originally came, a
fresh plaut differing in no respect from mine except in the
colour of the flowers, which was & fine purple. But this plant
must have been exposed during at least four generations to very
difforent 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 sclf-fertilised plants in Table
LXXXL, of the lust or fourth sclf-fertilised generation, were
fertilised with pollen from this fresh stock ; all cight produced
capsules containing fogether by weight 501 grains of seeds.
The plants raised from these seeds may be called the Westeram-
crossed.

Eight flowers on the crossed plants of the last or fourth genera-.
tion in Table LXXXL were again crossed with pollen from one
of the other crossed plants, and produced five capsules, contain-
ing by weight 207 grains of seeds. The plants raised from
these seeds may be ul.lod the nerrvsd.; and these form the
fifth intercrossed generaf

Eight flowers on the it feriisod plants of the same genera-
tion in Table LXXXL were again self-fertilised, and produced
soven capsules, containing by weight 2°1 grains of seeds. The
self-fertilised plants raised from these seeds form the fifth self-
fertilised generation. These latter plants and the intercrossed
are comparable in all respects with the erossed and self-fertilised
plants of the four previous generations,

From the foregoing data it is easy to calculate that,
.

Gr. Weight
of Seed.
Ten Westerham-crossed eapsules would have contained 626
Ten intercrossed capsules would have contained . . 4-14
“Ten solf-fertilised capsules would have contained . 300

We thus get the following ratios:—

@ The Complete Work of Charles Darwin Online




Cuar. VL CROSS WITH A FRESH STOCK. 197

Seeds from the Westerham-crossed capsules to
those from the capsules of the fifth self-fer-

- tilised generation, in weight, . . 8s100to48
Seeds from the Westerham-crossed capsules to
those from the capsules of the fifth intercrossed

generation, a8 100 to 66
Seeds from the mtemmssed '.0 ﬂ:ose from the
self-fertilised capsules, " 0 " . 88100 to 72

8o that a cross with pollen from a fresh stock greatly increased
the productivencss of the flowers on plants which had been self-
fertilised for the four previous geverations, in comparison not
only with the flowers on the same plants self-fertilised for the fifth
time, but with the flowers on the crossed plants crossed with
pollen from another plant of the same old stock for the fifth
time.

Theso three lots of seeds wero placed on sand, and were
planted in an equal state of germination in seven pots, each made
fripartito by three superficial partitions. Some of the remaining
seeds, whether or not in a state of germination, were thickly

~ sown in an eighth pot. The pots were kept in the greenhouse,
and tho plants trained up sticks. They were first measured to
the tops of their stems when coming into flower; and the twenty-
w0 Westerham-crossed plants then averaged 2551 inches; the
twenty-three intercrossed plants 30°38; and the twenty-three
self-fertilised plants 2340 inches in height. We thus get the
following ratios:—

The Westerham-crossed plants in height to the
solf-fertilised . 5100 to 91
The Westerham-crossed plants in height to the
intercrossed . as100 to 119
The intercrossed phnh in he.gm to the self-
fertilisod .. .8s100t0 T7

These plants wero again measured when their growth appeared
' on a casual inspection to be complete. But in this T was mis-
taken, for after cutting them down, I'found that the summits

of the stems of the Westerham-crossed
vigorously ; whilst the intercrossed had almost,

ot doubt, if the three lots had been left to grow for another
‘month, that the ratios would have been somewhat different
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from those deduced from the measurements in the following
table :—

TapLe LXXXIL
Petunia vidacea,
|
l’hnun(n Bound St Pt
s mwé,g;g_wu;r g
| oot | Fiee Geseraonsy. |
iy 4 fresh
3 feh | Five Generations). |
T lochen [ Tnches.
L 643 R 43¢
| 24 64 | 564
| 514 58§ | 81§
1L | 481 597 418
| 54 58§ 413
58, 58 18§
1L 62 521 468
| 533 344 45
| 62 61§ 194
1v. | '] 58F 878
49¢ 65, 33%
o 59 32§
¥ | 43} 351 ‘ 41¢
537 344 26§
53 544 ‘ [}
VL. 874 56 45
| 61 63| 29
0 | 57 | lq
VIL 59§ | 51 |
433 498 123
50 o3 ]
VIIL | 373 38y | 21§
Crowded. | it “j | 14§
Total in fnches, | 1051-25 1190-50 | 697-88
The twent, d plants now averaged 5005

inches; the twenty-two intercrossed plants, 54-11 inches; and
the twenty-one self-fertilised plants, 33-23 inches in height. We,
thus got the following ratios:—
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The Westerham-crossed plants in height to the
self-fertilised . as 100 to 66
TThe Westerhamn crossed plants in height ‘to the
tercrossed . 25100 to 108

— phmm in hexght to the self:
fertilised . .asl00to 61

We here see that the Westerham-crossed (the offspring of
plants self-fertiliséd for four generations and then crossed with a
fresh stock) have gained 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. The intercrossed plamts (i.e,, those which had been in-
tererossed for the last five generations) likewiso exceed in
height 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 excoeded in height by the intercrossed ; and this is a
surprising fact, judging from most of the other strictly analogous

~ eases. But as the Westerham-crossed plants were still growing
 vigorously, while the intercrossed had almost ceased to grow,
there can hardly bo a doubt that if left o grow for another
month they would have beaten the intercrossed in height. That
they were gaining on them is clear, as when measured before they
were as 100 to 119, and now as only 100 to 108 in height. The
Westerham-crossed plants had also leaves of a darker green, and
Tooked altogether more vigorous than the intercrossed ; and what
is much more important, they produced, as we shall presently
seq, much heavier seed-capsules. So that in fact the offspring
from the self-fertilised plants of the fourth generation erossed by
 afrosh stock were superior fo the intercrossed, as well as to the
ilised plants of the fifth tion—of which latter fact

there could not be the least doubt,

These three lots of plants were cut down close to the ground

 and weighed. The twenty-one Westerham-crossed plants weighed
B2ounces ; the twenty-two intercrossed plants, 34 ounces, and the
twenty-one self-fertilised plants 74 ounces. The following ratios
are caleulated for an equal number of plants of each kind. But
‘a8 the self-fertiliscd plants were just beginning to wither, their
relative weight is here slightly too small; and as the Westerham-
erossed were still growing vigorously, their relative weight
* with time allowed wonld no doubt have greatly increased,
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The Westerham-crossed plants in weight to

the self-fertilised . . as100to 22
The Westerham-crossed p]lnh in Welght to

the intercrossed as 100 to 101
The intererossed plnnm in welgm to tha self-

fertilised . . as100to 228

We here see, judging by wmgm mm of as before by height,
that the have an
immense advantage over the sl femlmed\ The Westerham-
crossed are inferior to the intercrossed by a mere trifle; but it is
almost certain that if they had been allowed to go on growing for
another month, the former would have completely beaten the
latter.

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

Tape LXXXIIL
Petunia violacca (plants growing in the open ground).

Westerhamrsset | o,
forined Bramte of he (l‘hnuolm-lndlhe s!lhn\llnleld A Pants
i Gt Slock tntr- " - (Sl erlioed Rt
Gencrsionsy,
Inches.
£ 27
363 23
394 25
87 241
36 22
nfl 238
373 21
40 23,
413 21
36 21§
382°76 233°13
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- The ten Westerham-crossed plants here average 86-G7 inches
in height ; the ton intercrossed plants, 33-27 inches; and the ton
self-fertilisod, 23-31 inches. These three lots of plants were also
weighed; the Westerham-crossed plants weighed 28 ounces; the
intercrossed, 41 ounces; and the self-fertilised, 14°75 ounces.
We thus get the following ratios :—

The Westerham-crossed plants in height to the

self-fertilised . as100to 63
The Westerham-crossed plants in weight to tho
" solf-fertilised . as100.to 53
The Westerham-crossed plants in height to the

intercrossed 25100 to 104
The Westerham-crossed plants in welght to the

intercrossed 25100 to 146
The intercrossed plants in height to the self-

fertilised . as100to 61
* The intercrossed plm.s mwughc to the self-

fertilised . E . . asl00to 36

BHito tho rolative heights of th three lote bre nearly the same
(within three or four per cent.) as with the plants in the pots.

~ In weight there is a much greater difference: the Westerham-
erossed exceed the sclf-fertilised by much less than they did
before; but the self-fertilised plants in the pots had become
slightly withered, as_before stated, and were in consequence
 ufuirly light. The Westerham-crossed plants are here inferior
in weight to the intercrossed plants in a much higher degree
in the 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 lmghm green’ than those of the intercrossed and

plant
Helative hmmy of the Three Lots of Piants—None 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 three lots could be judged of only by that
of the plants growing out of doors, which from being left
were probably cross-fertilised. The plants in the
three rows were exactly of the same age and had been subjected
closely similar couditions, so that any difference in their fer-
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 same old stock intercrossed for five
generations; and to the third lot being derived from plants self-
fertilised for five gencrations. All the capsules, some nearly
mature and some only half-grown, were gathered, counted, and
weighed from the ten finest plants in each of the three rows, of
which the measurements and weights have already heen given.
The intercrossed plants, as we have scen, were taller and con-
siderably heavier than the plants of the other two lots, and they
produced a greater number of capsules than did even the
‘Westerham-crossed plants; and this may be attributed to the
latter having grown more crowded and being in consequenco less
branched, Therefore the average weight of an equal number of
capsules from each lot of plants seems to be the fairest standard
of comparison, as their weights will have been determined chiefly
by the number of the included sceds. As the intercrossed plants
were taller and heavier than the plants of the other two lots, it
might have been expected that they would have producedthe finest
or heaviest capsules; but this was very far from being the case,

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

The ten fallest intercrossed plants produced 129 capsules,
weighing 7645 grains, Therefore 100 of these eapsules would
have weighed 59-26 grains.

The ten tallest self-fertilised plants produced only 44 capsules,
weighing 22'85 grains. Therefore 100 of these capsules would
have weighed 5079 grains.

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

s d plants to self-fartilised
Platts = o0 o o e e 04 100 oul)
Westerham-crossed plants to intercrossed plants s 100 to 54
Intererossed plants to self-fertilised plants . as 100 to 86

We here see how potent the influence of a cross with pollen
froma fresh stock has been on the fertility of plants self-fertilised
for four generations, in comparison with plants of the old stock
when cither i or self-fertilised for five i

@ The Complete Work of Charles Darwin Online



Cuar, VI COLOUR OF THE FLOWERS. 203

flowers on all theso plants having been left to be freely crossed
by insects or to fertilise 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
tall and heavy than the intercrossed plants. This latter result,
however, would almost certainly have been reversed, if the
plmn had been allowed o grow for another month, as the

the somewhat analogous one of Eschscholtzia, in which plants

raised from a cross with a fresh stock did not grow higher than

the self-fertilised or intercrossed plants, but produced a greater

number of seed-capsules, which contained a far larger average
seeds.

- number of

Colour of the I‘Imn on the above Th:ul.aho/l’lanll —Thc
original ‘whiel
 gemerations were raised, 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-
fertilised plants, both in the pots and open ground, were
absolutely uniform in tint; this being a dull, rather peculiar
flesh colour. This uniformity was very striking in the long row
of plants growing in the open ground, and these first attracted
my attention. 1 did not notice in which generation the original
eolour began to change and to become uniform, but T have every
reason to believe that the change was gradual. The flowers on
the intercrossed plants were mostly of the same tint, but not
nearly so uniform as those on the self-fertilised plants, and many of
them were pale, approaching almost to white. The flowers on the
‘plants from the cross with the pm-ple-ﬂo'nd Westerham stock
‘were, as might have been expected, much more purple and not
-~ mearly £o uniform in tint. The self- famhmd plants were also
- remarkably uniform in height, as judged by the eye; the inter-
erossed less so, whilst the Westerham-crossed plants varied much
in height.

NICOTIANA TABACUM.
B et o o curious case. Ot of s trlluwith cromsd
and self-fertilised plants, belonging to three successive genera-
, in one alone did the crossed show any marked superiority
eight over the self-fertilised ; in four of the trials they wero
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approximately equal; and in one (i.c., in the first generation)
the self-fertilised plants were greatly superior to the crossed.
Tn no case did the capsules from flowers fertilised with pollen
from a distinet plant yield many more, and sometimes they yiclded
much fewer sceds than the capsules from self-fertilised flowers.
But when the flowers of one variety were crossed with pollen
from a slightly different varicty, 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 degree.

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

The seeds were placed on sand, and several pairs in an equal
state of germination were planted on the opposite sides of three
pots. The remaining seeds were thickly sown on the two sides
of Pot IV., 5o that the plants in this pot were much crowded.
The tallest plant on each side of each pot was measured. Whilst
the plants were quite young the four tallest crossed plants
averaged 787 inches, and the four tallest self-fertilised 14-87
inches in height; or as 100 to 189, The heights at this age are
given in the two left columns of the following table.

When in full flower the tallest plants on each side were again
measured (see the two right-hand columns), with the following
result. But I should state that the pots were not large enough,
and the plants never grew to their proper height. The four
tallest crossed plants now averaged 18-5, and the four tallest
self-fertilised plants 3275 inches in height; or as 100 to 178,
Tn all four pots a self-fertilised plant flowered before any one of
the crossed.

In Pot IV., in which the plants were extremely crowded, the
two lots were at first equal; and ultimately the fallest crossed
plant exceeded by a triflo the tallest self-fortilised plant, This
recalled to my mind an analogous case in the one generation of
Potunia, in which the self-fertilised plants’ were throughout
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Tapie LXXXIV.
Nicotiana tabacum (First Generation).

May 20, 1868, Decenmber 6, 1865,
| No.orpa T
Plants, | Pl | Pants, | Plants,
wsi
¥ Inches. Inches, Inches. Inches.
- A 134 26 40 u
. 3 | 15 { L 43
L. s | 13 16 33
. 5 5 1y 1
Crowded.
Totalin | 315 595 740 | 1810
. inches.

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
between 13 and 14 inches in height there was no difference
 between the two sides, nor was there any marked difference
when the plants had grown as tall as they could ; for in one pot
the tallest crossed plant was 26} inches in height, and exceeded
by 2 inches the tallest self-fertilised plant, whilst in the other
the tallest crossed plant was shorter by 8} inches than the
self-fertilised plant, which was 22 inches in height.
‘As the plants did not grow to their proper height in the dbove
pots in Table LXXXIV., four crossed and four self-fertilised
‘were raised from the same seed, and were planted in pairs
opposite sides of four very large pots containing rich soil ;
that chey were not exposed to at all severo muturl competition.
these plants were in flower I neglected to measure them,
record in my notes that all four self-fertilised plants ex-

given, as well as that in Table LXXXIV., 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 seeds ; but only when not
greatly crowded. When erowded and thus subjected to very severe
competition, the crossed and sclf-fertilised plants were nearly
equal in height.

Crossed and selffertilised Plants of the Second Generation.—
Twelve flowers on the crossed plants of the last generation
growing in the four large pots just mentioned, were crossed with
pollen from a crossed plant growing in one of the other pots;
and twelve flowers on the self-frtilised plants were fertilised
with their own pollen. All these flowers of both lots pro-
duced fine capsules. Ten of the crossed capsules contained by
weight 88-92 grains of seeds, and ten of the self-fertilised
capsules 37-74 grains; or as 100 to 97. Some of these sceds in
an equal state of germination were planted in pairs on the
opposite sides of five large pots. A good many of the crossed
sceds germinated before the self-fertilised, and were of course
rejected. The plants thus raised wero measured when several
of them were in full flower.

Taspue LXXXV.
Nicotiana tabacum (Second Generation).

No. of Pot. ‘ Crossed Plants. Self-fertilised Plants.
Tnches.
L 14| 27
784 8
9 56
IL 60, 16§
44 7
10 504
L. 57} 87 ()
1 813 (»)
v, 64 19
1 433
| 694 4
V. 994 9
298
Total in inches. \ 51163 418°75
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The thirteen erossed plants here average 8935, and the
thirteen self-fertilised plants 31-82 inches in height; or as 100
to8L. But it would be a very much fairer plan to exclude all
the starved plants of only 10 inches and under in height; and
in this case the nine remaining crossed plants average 53-84,
and the seven remaining self-fertilised plants 5178 inches in
height, or as 100 to 96; and this difforence is so small that the
erossed and self-fertilised plants may be considered as of equal
heights.

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

ition; and now the ilised plants exceeded the
crossed in height by a little, for the threo crossed averaged 55-91,
and the three self-fertilised 5916 inches; or as 100 to 106.

Crossed and self-fertilised Plants of the Third Generation—As T
wished to ascertain, firstly, whether those self-fertilised plants of
the Inst generation, which greatly exceeded in height their crossed
opponents, would transmit the same tendency to their offspring,
and secondly, whether they possessed the same sexual constitu-
tion, I selected for experiment the two self-fertilised plants
marked A and B in Pot IIL. in Table LXXXY., as these two

Tapte LXXXVL
Nicotiana tabacum (Third Generation).
Seedlings from the Self-fertilised Plant 4 in Pot I1T,,
Table LXXXV., of the lust or Second Generation.

| From Self-fertilised
moum | Buetes RS
il T | A S
o Tadn i
L 100§ 98
| 91 9
I, 110§ 59
1004 66
1L 104 98
Iv. 843 1104
| 6§ 64)
SN . St
Total in inches. | 666°75 55725
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were of nearly equal height, and were greatly superior to their
crossed opponents. Four flowers on each plant were fertilised
with their own pollen, and four others on the same plants were
crossed with pollen from ome of the crossed plants growing in
another pot. This plan differs from that before followed, in
which seedlings from crossed plants again crossed, have been
compared with seedlings from self-fertilised plants again self-
fertilised. The seeds from the crossed and self-fertilised capsules
of the above two plants were placed in separate watch-glasses and
compared, but were not weighed ; and in both cases those from
the crossed capsules seemed to be rather less numerous than
those from the self-fertilised capsules. These seeds were planted
in the usual manner, and the Leights of the crossed and self-
fertilised seedlings, when fully grown, are given in the preceding
and following table, LXXXVI. and LXXXVIL

Theseven crossed plants in the first of these two tables average
9525, and the seven self-fertilised 796 inches in height; or as
100 to §3. In half the pots a crossed plant, and in the other
half a self-fertilised plant flowered first.

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

TasLe LXXXVIL
Nicotiana tubacum (Third Generation).
Seedlings from the Self-fertilised Plant B in Pot I11.,
Table LXXXV., of the last or Second Generation.

‘From Self-ferdlisd.
From Self-fertilised | Plant again self-forti-
No. of Pot. Plant, crossed by & lised, furming the
Crossed Plaot, | ‘Third Se-fertlised
Generation.
P % Inches. Inches.
< 874 724
49 14§
1L 984 73
0 1104
i 9 106
153 73
1. 97§ 48¢
V. 483 81
0 61
Total in inches. | 49550 | 641°75
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seven crossed plants (for two of them died) here average
n~18 inches, and the nine self-fertilised plants 71°3 inches in
height; or as 100 to barely 101. In four out of these five pots,
@ self-fertilised plant flowered before any one of the crossed
- plants. So that, differently from the last case, the sclf-fertilised
 plants are in some respects slightly superior to the crossed.
1f wo now consider the crossed and self-fertilised plants of the
three generations, we find an extraordinary diversity in their
relative heights. In the first generation, the crossed plants were
inferior to the self-fertilised as 100 to 178; and the flowers on
the original parent-plants which were erossed with pollen from a
distinct plant yielded much fewer seeds than the self-fertilised
flowers, in the proportion of 100 to 150, But it is a strange fact
 that the self-fertilised plants, which were subjected to very severe
competition with the crossed, had on two oceasions no advan-
tage over them. The inferiority of the erossed plants of this first
. generation cannot be attributed to the immaturity of the seeds,
for I carefully examined them ; nor to the seeds being diseased
or in any way injured in some one capsule, for the contents of
the ten crossed capsules were mingled together and a few taken
by chance for sowing. In the second generation the crossed and
self-fertilised plants were nearly equal in height. In the third
generation, crossed and self-fertilised seeds were obtained from
two plants of the previous generation, and the seedlings raised
from them differed remarkably in constitution  the crossed in the
one case exceeded the self-fertilised in height in the ratio of 100
10 83, and in the other ease were almost equal, This difference
between the two lots, raised at the same time from two pl.nu
 growing in the same pot, and treated in every respect alike, as
well as the extraordinary superiority of the self- fertlised over
the erossed plants in the first generation, considered together,
miake me believe that some individuals of the present species
differ to a certain extent from others in their sexual affinities (to
use the term employed by Giirtner), like closely allied species of
the same genus.  Consequently if two plants which thus differ
are crossed, thie scedlings suffer and are beaten by those from
the self-fertilised flowers, in which the sexual elements are of
 the same nature. It is known® that with our domestic animals

Cnar. VI. CROSSED AND SELF-FERTILISED PLANTS,

~ * 1 have given evidence on mecklmﬁnn, chap. xviti. 2nd edit.
Ahis head in my ‘Variation of  vol. ii. p. 146,
‘d Plints under Do-
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certain individuals are sexually incompatible, and will not
produce offspring, although fertile with other individuals. But
Kolrenter has recorded a case* which bears more closely on our
present one, as it shows that in the genus Nicotiana n.e m—.eues
diffor in their sexual affinities. He ex five
varieties of the common tobacco, and proved um they were
varieties by showing that they were perfectly fertile when re-
ciprocally crossed; but one of these varieties, if used cither as
the father or the mother, was more fertile than any of the others
‘when crossed with a widely distinet species, N. glutinosa. As the
different varieties thus differ in their sexual affinities, there is
nothing surprising in the individuals of the same variety differ-
ing in a like manner o a slight degree.

Taking the plants of the three generations mlmgether, ﬂ:e
crossed show mo superiority over the self-fertilised, an
account for this fact only by supposing that with this Ipwu,
which is perfectly self-fertile without insect aid, most of the indi-
viduals are in the same condition, as those of the same variety
of the common pea and of a fow other exotic plants, which
have been sclf-fertilised for many generations. In such cases a
cross between two individuals does no good ; nor does it in any
case, unless the individuals differ in general constitution, either
from so-called spontaneous variation, or from their itors
having been subjected to different conditions. I believe that
this is the true explanation in the present instance, becanse, as
we shall immediately see, the offspring of plants, which did not
profit at all by being erossed with a_ plant of the same stock,
profited to an extraordinary degreo by a cross with a slightly
different sub-variety.

The Effects of a Cross with a fresh Stock.—1I procured some seed
of N. tabacum from Kew and raised some plants, which formed
a slightly different sub-variety from my former plants; as the
flowers were a shade pinker, the leaves a little more pointed, and
the plants not quite so tall. Therefore the advantage in height
which the seedlings gained by this cross cannot be attributed to
direct inheritance. Two of the plants of the third self-fertilised
generation, growing in Pots II. and V. in Table LXXXVIL,
which exceeded in height their crossed opponents (as did their
parents in a still higher degree) were fertilised with pollen
from the Kew plants, that s, by a fresh stock. - The seedlings

* *Das Gesohlecht der Pilanzen, Zweite Fortsetzung,’ 1764, p. 55-60.
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thus raised may be called the Kew-crossed. Some other flowers
on the same two plants were fertilised with their own pollen,
and the seedlings thus raised form the fourth self-fertilised
generation. The crossed capsules produced by the plant in
Pot I, Table LXXXVIL, were plainly less fine than the self-
fertilised capsules on tho same plant. Tn Pot V. the ono finest
eapsule was also & self-fertilised one; but the seeds produced
by the two crossed capsules together exceeded in number those
produced by the two self-fertilised capsules on the same plant.
Therefore as far as the flowers on the parent-plants are con-
cerned, a cross with pollen from o fresh stock did little or no
good; and I did not expect that the offspring would have re-
ceived any benefit, but in this I was completely mistaken.

The erossed and self-fortilised sceds from the two plants were
placed on bare sand, and very many of the crossed seeds of both
sets before the

self-
lings raised from the two plants, their heights have been added
together in calculating the averages. I should stato that by the
mhlhlloflhrgehmhinﬂummpm
in both the series were much injured. These were at once
‘measured together with their opponents and afterwards thrown
away. The others were left to grow to their full beight, and
were measured when in flower. This accident accounts for the
small height of some of the pairs; but as all the pairs, whether
‘ol partly or fully grown, were measured at the same time, the
‘measurements are fair. e
The average height of the twenty-six crossed plants in the six-
hmﬂm!wmiuhﬁﬂ'ﬂ,lndwdthetmty-
#ix self-fertilised plants is 4167 inches; or as 100 to 66.
superiority of the crossed plants was shown in another way,
for in every one of the sixtecn pots a crossed plant flow
‘before a self-fertilised one, with the exception of Pot VI. of the
second series, in which the plants on the two sides flowered
simultancously.
P2
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TapLe LXXXVIIL
Nicotiana tabacum.

Plants raised_from two Plants of the Third Self-fertilised
Generation in Pots I1. and V., in Table LXXX VII.

From Pot IL, Table LXXXVIL From Pot V., Table LXXXVIL
Komeromed | Foaris oo crosed | ourtn S
- Fourt Sel. | e ot St
oot Pot. | KOt e Gen| No- of Pot. | KOt e G
ention. ertion.
Tohen | Tncher. | Tochen. | Toches.
T wy | 68t L 7§ 56
31 5 7 53
I ‘ LT R | T s 554 27§
48 70 | 18 7
L T oghian 13 ‘ L. 763 60§
75 of |l | |
v, 497 2 | ™. 904 11§
1By | 82 208 | 4}
v 80 85 V. 943 284
17 53 |
VI W | s VL 8 784
VL. sy [ s | Vo CT T
764 564
83, 84, VIIL 65 78
4l ) b
902+63 ‘ 63613 | T",’;clhe’."}i 743-13 i 447-38

Some of the remaining seeds of both series, whether or not in
a state of germination, wero thickly sown on the opposite 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 were much less than in the
former trials, owing to their extremely crowded condition. Even
whilst quite young, the crossed scedlings manifestly had much
broader and finer leaves than the self-fertilised seedlings.
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TasLe LXXXIX.
Nicotiana tabacum.

Plants of the same parentage as those in Table LXXXVIIL,
ut grown extremely crowded in two large pots.

From Pot lL ‘Table LXXXVIL. | From Pot V., Table LXXXVIL
Plantsof Plants of the
Kew-crossed | Kewcrossea
— AT
Tnches. Inches. | Inches Tnches.
424 22 | 224
34 104 1l a1
30 144 18
23 16 I 153
26, 13§ | 13§
18] 16 I 14§
17563 10150 || 105:13

The twélve tallest crossed plants in the two pots belonging to
the two series average here 31-53, and the twelve tallest self-ferti-
Tised plants 17-21 inches in height; or as 100 o 54. The plants
on both sides, when fally grown, some time after they had been
measured, were cut down close {o the ground and weighed.
The twelve crossed plants weighed 21°25 ounces; and the
twelve sclf-fertilised plants only 7°83 ounces; or in weight as
100 to 37.

The rest of the crossed and self-fertilised seeds from {he two
parent-plants (the same as in the last experiment) was sown on
the 1st of July in four long parallel and separateows in good soil
lnﬂnopsngmund 50 that the seedlings were not subjected to

was wet and

for thir growth, . Whilst tho seedlings were very small the two
erossed rows had @ clear advantage over the two self-fertilised
rows. When fully grown the twenty fallest crossed plants and
the twenty tallest self-fertilised plants were selected and mea-
sured on the 11th of November to the extremities of their leaves,
as shown in the following table (XC). OF the twenty crossed
plants, twelve had flowered ; whilst of the twenty self-fertilised
plants one alone had flowered.
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TasLe XC.
Nicotiana tabacum.

Plants raised from the same seeds as in the last two experiments,
But sown separately in the open ground, so as not to compete
together.

From Pot I, Table LXXXVIL | From Pot V., Table LXXXVIL
|
Eomamet | Pnsotthe | Kowormsea | pFuntsofthe
Fourth Selfferti- Fourth Self-feti-
Plaits. | Jiced Generation. e icd Gener
Tnches. |  Inches. | Inchen Tocbes.
427 229 544 344
a4 sy | 38
391 s | 408
53¢ 30 431
493 28¢ I 40
504 ag | 38
47} 254 35
513 26 ;‘ 398
37 293 47§
8 28 58%
47875 28686 | 0725

The twenty tallest crossed plants here average 48:74, and the
twenty tallest self-fertilised 85°2 inches in height; or as 100 to
79. Theso plants after being measured were cut down close to
the ground, and the twenty crossed plants weighed 195°75
ounces, and the twenty self-fertilised plants 123:25 ounces; or
25100 to 63.

n the threo preceding tables, LXXXVIIL, LXXXIX., and
XC,, we have the measurements of fifty-six plants derived from
two plants of th third self-fertilised gencration crossed with
‘pollen from a fresh stock, and of fifty-six plants of the fourth self-
fortilised generation derived from the same two plants. These
crossed and self-fertilised plants wero treated in threo different
ways, having becn put, firstly, into moderately close competition
with one another in pots; secondly, having been subjected to
unfvourable conditions and to very severe competition from
being greatly crowded in two large pots; and thirdly, having
being sown separately in open and good ground, so as not o
suffer from any mutual competition. In all these cases the
crossed plants in cach lot were greatly superior to the self-
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fertilised. This was shown in several ways,—by the earlier
germination of the crossed seeds, by the more rapid growth of
the seedlivgs whilst quite young, by the earlier flowering of the
mature plants, as well as by the greater height which they
ultimately attained. The superiority of the crossed plants was
shown still more plainly when the two lots were weighed; the
weight of the crossed plants to that of the self-fortilised in the
two crowded pots being ns 100 to 87. Better evidence could
hardly be desired of the immense advantage derived from a
eross with a fresh stock.

XXVL PRIMULACEZE.—CYCLAMEN PERSICUM.*

Ten flowers crossed with pollen from plants known to be
distinet seedlings, yielded nine capsules, containing on an
average 34°2 seeds, with a maximum of seventy-seven in one.
'l‘an flowers self-fertilised mlded eight capsules, containing on

ly 13- 1 seeds, witl imum of twenty-five in one.
'l'hu gives a ratio of 100 to 381'0! the average number of seeds
per capsule for the crossed and self-fertilised flowers. The
flowers hang downwards, and as the stigmas stand close beneath
the anthers, it might have been expected that pollen would
Tave fallen on them, and that they would have been spontaneously
. self-fertilised ; but these covered-up plants did not produce a
single capsule. On some other occasions uncovered plants in
the 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 seeds obtained in the manner just described were placed
on sand, and after germinating were planted in pairs,—three
erossed and three sclf-fertilised plants on the opposite sides of
four pots. When the leaves were 2 or 3 inches in length,
including the foot-stalks, the seedlings on both sides were

In the course of a month or two the crossed plants began
llww a slight superiority over the self-fertilised, which
ily increased ; and the crossed flowered in all four pots some
‘Dbefore, nnd much more profusely than the self-fertilised.
two tallest flower-stems on the crossed plants in each pot
were now measured, and the average height of the eight stems
ndum, accord- p. 150), is proterandrous, and this
omu jphis Botani* I betles o110 1he cads Witk O,

de I'Europe,’ tom, viii. 1858,  persioum.

Y
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was 949 inches. After a considerablo interval of time the
self-fertilised plants flowered, and several of their flower-stems
(but T forgot o record how many) were roughly measured, and
their average height was a little under 7+5 inches; so that the
flower-stems on the crossed plants to those on the self-fertilised
were at least as 100 to 79. The reason why I did not make
‘more careful measurements of the self-fertilised plants was, that
they looked such poor specimens that T determined to have them
re-potted in larger pots and in the following year to measure
them carefully ; but we shall see that this was partly frustrated
by so few flower-stems being then produced.

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

Taste XCL
Cyclamen persicum : 0 implics that no flower-stem. was produced.

iR e e s
Tnches. Tnches.
L P 10 o
| 9 0
| 10§ 0
1. 97 0
10 o
103 0
1L 9} 8
94 G
. 94 6
. 1} 0
10 73
10 o
Total in inches. 119°88 29°50
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In the following year the crossed plants again bore many
flowers before the self-fertilised bore a single one. The three
hum flower-stems on the crossed plants in each of the pots

, as shown in Table XCL. In Pots I and IL the
Sl fertlisod plants did not produce a single flower-stem; in
Pot IV. only one; and in Pot IIL six, of which the three tallest
were measured.

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

ANAGALLIS.
Anagallis eollina, var. grandiflora (pale red and blue-flowered
sub-varicties). .
Firstly, twenty-five flowers on some plants of the red variety

were crossed with pollen from a distinet plant of the same
variety, and produced ten capsules; thirty-one flowers were

 fortilised with their own pollen, and produced eighteen capsules.
* hese plants, which were grown in pots in the greenhouse, were

evidently in a very sterile condition, and the seeds in both
sets of capsules, especially in the self-fertilised, although
" numerous, were of so poor @ quality that it was very difficult

~ to determine which were good and which bad. But as far as T

conld judge, the crossed capsules contained on an average 6°3
good seeds, with & maximum in one of thirteen; whilst the
self-fertilised contained 6-05 such seeds, with a maximum in

- one of fourteen.

Sccondly, eleven flowers on the red variety were castrated
‘whilst young and fertilised with pollen from the biue variety,
and this cross evidently much increased their fertility; for the
eleven flowers yielded seven capsules, which contained on an
average twice as many good seeds as before, viz., 12:7; with a
maximum in two of the capsules of seventeen seeds. Therefore

 these crossed capsules yiclded seeds compared with those in the

foregoing self-fertilised capsules, as 100 to48. These seeds were
also conspicuously larger than those from the cross between two
individuals of the same red variety, and germinated much moro
freely. The flowers on most of the plants produced by the cross
 between the red which several ),
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tookk after their mother, and were red-coloured. But on two of
the plants the flowers were plainly stained with blue, and to
such a degree in one case as to be almost intermediate in tint.

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

Tapie XCIL
Anagallis callina.

Red Variety crossed by a distinct Plant of the Red Varlety,
‘and Red Variety Self-fertllised.

No.ofPit. | Crossd Pants, | St Plant,

Toches.
154

Red Variety crossed by Blue Varict

Total of both lou

Sl fertilised.
| Crossed Plants, | Seltertlised Plants,
Inches. B Inches.
304 244
27§ 18§
25 11§
Total in inches. ; 82:88

As the plants of the two lots are few in number, they may be
run together for the gencral average; but I may first state that
the height of the scedlings from the cross between two individuals
of the red variety is to that of the self-fertilised plants of the red
variety as 100 t0 73 ; whereas the height of the crossed offspring
from the two varieties to the self-fertilised plants of the red
variety is as 100 to 66. So that the cross between the two
varieties is here seen to be the most advantageous, The average
height of all six crossed plants in the two lots taken togother is
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48:20, and that of the six self-fertilised plants 8325 ; or as 100
1069

These six crossed plants produced spontancously twenty-six
eapsules, whilst the six self-fertilised plants produced only two,
or as 100 to 8. There is therefore the same

in fertility between the crossed and self-fertilised
pl-.nr.umch. lnst mu-,cyelmen. which belongs to the same
family of the

Provvra vemss.  Brit. Flora.
(Var. officinalis, Linn.). The Cowslip.

Most of the species in this genus are heterostyled
dimorphic ; that is, they present two forms,—one long-styled wnth
short stamens, and the other short-styled with long stamens.*
For complete fertilisation it is necessary that pollen from the ono
form should be applied to the stigma of the other form ; and this
is effected under nature by insects. Such unions, and the seed-
lings raised from them, I have called legitimate. If one form is
fertilised with pollen from the same form, the full complement
of seed is not produced; and in the case of somo heterostyled
genera no seed at all is produced. Such unions, and the seed-
lings raised from them, I have called These seed-
lings are often dwarfed and more or less sterile, like hybrids.
1 possessed some long-styled plants of P. veris, which during four
successive generations had been produced from illegitimate
‘unions between long-styled plants ; they were, 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
cultivated in this manner, they grew well and were healthy and

grew woll and were healthy; but when those of the two last
te generations were thus treated they became exces-
I _—

Trimorphie Plants,” was
yub!H-I h;vul. x. 1867, p. 893,

bt
m-my refr, * g‘n o By
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sively sterile and dwarfed, and remained so during the following
year, by which time they ought to have become accustomed to
growing out of doors, so that they must have possessed a weak
constitution.

Under these cireumstances, it scemed advisable to ascertain
what would be the effect of legitimately crossing long-styled
‘plants of the fourth illegitimate generation with pollen taken from
non-related short-styled plants, growing under different con-
ditions.  Accordingly several flowers on plants of the fourth

imate generation (ie., great-great of plants
which had been legitimately fertilised), growing vigorously in pots
in the greenhouse, were legitimately fertilised with pollen from
an almost wild short-styled cowslip, and these flowers yiclded
some fine capsules. Thirty other flowers on the same. illegi-
timate plants were fertilised with their own pollen, and these
yielded seventeen capsules, containing on an average thirty-two
seeds. This is a high degree of fertility; higher, T believe, than
that which generally obtains with illegitimately fortilised long-
styled plants growing out of doors, and higher than that of the
previous illegitimate generations, althongh 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 scedlings were 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 ITL, Table
XCIIL, the self-fertilised plants were rather the fallest. But by
the time that they had thrown up young flower-stems, the
legitimately 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 averago a quarter of an inch (exactly 28 of an inch)
ronder than those on the sltferilised plants. The plants, from
being too much crowded, produced poor and short flower-stems.
The two finest on cach side were measured; the eight on the
legitimately crossed plants averaged 408, and the eight on the
illegitimately self-fertilised plants averaged 2-93 inches in
height; or as 100 to 72.

These plants after they had flowered were turned out of their

, and planted in fairly good soil in the open ground. In
the following year (1870), when in full flower, the two tallest
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flower-stems on each side were again measured, as shown in the
following table, which likewise gives the number of flower-stems

produced on both sides of all the pots.
Tasue XCIIL
Primula veris,
Tegitimately crossed Plants, THegitimatoly self-ferilised
e No.of Flower- | N dl‘lo-q-
Heightin N o vorg I
| T [ | =
L -] .. L 2 3
I a!
Tzl % o f s 6 3
8 4 f| st
1L R 4
| | of
1v. 74 u | 2 5
‘ 64 |2
|

The average height of the eight tallest flower-stems on the
erossed plants s here 7-03 inches, and that of the eight tallest
flower-stems on the sclf-fertilised plants 8:21 inches; or as 100
1046, We sce, also, that the crossed plants bore sixty-two flower-
stems; that is, Above four times as many as those (viz, fifteen)
‘borne by the self-fertilised plants. The flowers were left ex-

o the-visit of i insects, and as many plants of both forms

close by, they must have been legitimately and naturally fer-
Under these circumstances the crossed plants produced

391 capsules, whilst the self-fertilised produced only 16; and
G-o were all produced by a single plant in Pot TL, which was

much finer than any other self-fertilised plant. Judging by the

‘mumber of capsules produced, the fertility of an equal number
Y8 crossed and self-fertilised plants was as 100 to 5.

In the succeeding year (1871) T did not count all the flower-

on these plants, but only those which produced cap-

‘sules containing good secds, 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 fo 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 agenci
The self-fertilised plants were the product of illegitimate fertil
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 less closely related. Tho 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 crossed 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
latter circumstance alone would have given great vigour o the
offspring, as we 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
sl fertlised oﬂ‘spnng, and the ofher to benefit the crossed

But we shall i
seo that the grester part of the benefit, as far as increased
fertility is concerned, must be attributed to the cross having
been made with a fresh stock.

PROMULA VERIS.
Equal-styled and red-flowered var. *

1 have described in my paper *On the Tllegitimate Unions of
Dimorphic and Trimorphie Plants’ this remarkable variety, which
was sent to me from Edinburgh by Mr. J. Scott. It possesed a
pistil proper to the long-styled form, and stamens proper to the
short-styled form ; so that it had lost the heterostyled or dimor-
phic character common to most of the species of the genus,
and may be compared with an hermaphrodite form of a bi-
sexual animal. Consequently the pollen and stigma of the
same flower are adapted for complete mutual fertilisation, instead
of its being necessary that pollen should be 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
perfectly self-fertile when insects are excluded. Owing to the
fortunate existence of this variety, it is possible to fertilise its
flowers in a legitimate manner with their own pollen, and to
eross other flowers in a legitimate manner with pollen from
another variety or fresh stock. Thus the offspring from both
unions can be compared quite fairly, free from any doubt from
the injurious effects of an illegitimate union.

The plants on which T experimented had been raised during
W0 successive generations from spontaneously self-fertilised
seeds produced by plants under & not; and as the variety is
highly self-fertile, its progenitors in Edinburgh may have been
self-fertilised during somo previous generations. Several flowers
on two of my plants were legitimately crossed with pollen from
a short-styled

subjected to considerably different conditions. Several ofher
flowers on_the same two plants were allowed to fortilise them-.
selves under a net; and this union, as already explained, is o
legitimate one,

The crossed and self-fertilised seeds thus obtained were sown
thickly on the opposite sides of three pots, and the seedlings
thinned, o that an equal number were left on the two sides,
The seedlings during the first year were nearly equal in
height, excepting in Pot IIL, Table XCIV., in which the self-
fertilised plants had a decided advantage. Tn the autumn the
plants were bedded out, in their pots; owing to this cireum.
stance, and to many plants growing in each pot, they did not
flourish, and none were very productive in seeds. But the
conditions were perfectly equal and fair for both sides. In the
 following spring I record in my notes that in two of the pots

the crossed plants are “incomparably the finest in general
appearance,” and in all three pots they flowered beforo the self-
fertilised. When in full flower the tallest flower-stem on each
side of each pot was measured, and the mumber of the flower-
stems on both sides counted, as shown in the following table.
‘The plants were left uncovered, and s other plants were growing
close by, the flowers no doubt were-crossed by insects. When
the capsules were ripe they were gathered and counted, and
* the result is likewise shown in the following table
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Tase XCIV.
Primula veris (equal-styled, red-flowered variety).
Crossed Plants. Self-frtilsed Plants.
No.o sght of | Helghtof |y,
No-of Put| HERELST | Moot I, of guo| “iafter | NO.O I of oot
Flowerstom | FONA | Cipaie. | Fowersiem | [ | Cipsales
L 10 | 14 | 163 64 6 6
se\ml,
i 84 12 Il s 2 0
eomatars i
e R M 43 H 108 | .5 26
Tatlls.J 260 88 | 208 ‘ 22:0 ‘ 13 82
I

The average height of the three tallest flower-stems on the
crossed plants is 8:66 inches, and that of the three on the
self-fertilised plants 733 inches; or as 100 to 85.

All the crossed plants together produced thirty-three flower-
stems, whilst the self-fertilised bore only thirteen. The number
of the capsules were counted only on the plants in Pots L.and TIL,
for the self-fertilised plants in Pot IT. produced none; therefore
those on the crossed plants on the opposite side were not
counted.  Capsules not containing any good seeds were rejected.
The crossed plants in the above two pots produced 206, and the
self-fertilised in the same pots only 32 capsules; or as 100
to 15, Judging from the previous generations, the extreme

of th plants in this
was wholly due to their having been subjected to unfavourable
conditions, and to severe competition with the crossed plants;
for had they grown separately in good soil, it is almost certain
that they would have produced a large number 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 17-65; or as
100 to 71 Morcover, the seeds from the self-fertilised plants
were not nearly o fine as those from the crossed plants. If
we consider together the number of capsules produced and
the average number of contained seeds, the fertility of the
crossed plants to the self-fertilised plants was as 100 to 11.
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We thus see what a great effect, as far as fertility is concerned,
was produced by a cross between the two varieties, which had
been long exposed to different conditions, in comparison with
self-fertilisation ; thhnﬂnmhanngh‘uinbo\hamd
the legitimate

PRIMULA SINENSIS.

Mmchinnnpﬁnmnlhmﬁyldord:mrphmphm
like the common cowslip, it might have been expected that

mately self-fertilised seeds wonld 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
oﬂheuxmafnrm But I havenhnwn.mthmbdﬂvnﬁnld

seeds ; and the seedlings havo generally been subjected to nearly
uniform conditions in pots in greenhouses. Moreover, many of
the plants are now varying and changing their character, so as
10 become in g greater or less degree equal-styled, and in eon-
sequence highly self-fertile. From the analogy of P. veris there
«an hardly be a doubt that if a plant of . sinensis could have
been procured direct from China, and if it had been crossed
with one of our English varieties, the offspring would have
shown wonderful superiority in height and fertility. (though
probably not in the beauty of their flowers) over our ordinary

My first esperiment consated in feetliing many Sowers on
Jong-styled and short-styled plants with their own pollen, and
flowers on the same plants with pollen taken from distinct
belonging to the same form; so that all the unions were
timate. 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 sceds
from both forms were sown thickly on opposite sides of four pots,
and numerous plants thus raised. But there was no difference
in their growth, excepting in one pot, in which the offspring
from the illegitimate union of two long-styled plants exceeded
in a 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 belonging
to the same form, flowered before the ofispring from the self-
fertilised flowers.

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

Tn six out of the eight pots the legitimately grossed plants
exceeded in height by a trifle the illegitimately self-fertilised
plants; but the latter exceeded the former in two of the pots in a
more strongly marked manner. The average height of the cight
legitimately crossed plants is 9-0L, and that of the eight illegi-
timately self-fortilisod 9-03 inches; or as 100 to 100°2. The
plants on the opposite sides produced, as far as could be judged
Dy the eye, an equal number of flowers. I did not connt the cap-
sules or the seeds produced by them; but undoubtedly, Judgmg
from many previous observations, the plants derived fro
legitimately crossed seeds would have been cnnmdembly mo'ro
fertile than those from the illegitimately self-fertilised seeds.
The erossed plants, as in the previous case, flowered before the
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Tanze XCV.
Primula sinensis.
e | Dt | R
Inches. Inches.
From .L-Luyu . 5
‘mother.
1. 7 8§
From short-styled
mother. o
From loagatyled - *
Joagty
SRR
Jon .
g
V. o 9
From illegitimate
short-styled
VL. "Rt 9
From illegitimate
short-styled
k r.
VIL | 8 L7}
From illegitimate |
llong-styled mother.
VIIL 3 gy 0
From illegitimate
ong-styled mothor.
B Total in taches, s | s
sel-fertilised plants in all the pots exceptin Pot IL, in which the
sides flowered simultancously; and this early flowering
/, perhaps, be considered as an advantage.

Q2
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XXVIL POLYGONEZ.—FAGOPYRUM ESCULENTUM.

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

1 obtained seeds by legitimately crossing flowers on long-styled
and short-styled plants, and by fertilising other flowers on both
forms with pollen from the same plant. Rather more sceds were
obtained by the former than by the latter process; and the
legitimately crossed sceds wero heavier than an equal number
of the illegitimately self-fertilised seeds, in the ratio of 100 to 82.
Crossed and self-fertilised seeds from the short-styled parents,
after germinating on sand, were planted in pairs on the opposite
sides of a 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
seedlings, when a few inches in height, were taller than the self-
fertilised ; and in all three pots they flowered before them by one
or two days. When fully grown they were all cut down elose
to the ground, and as I was pressed for time, they were 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. 7in., and of the illegitimately self-fertilised plants
821t. 8 in. Therefore the average height of the fifteen crossed
plants in all three pots was 88°06 inches, and that of the fifteen
self-fertilised plants 2613 inches; or as 100 to 69.

XXVIIL CHENOPODIACEZE—BETs YULoARIS.

A single plant, no others growing in the same garden, was
Teft to fertilise itself, and the self-fertilised seeds were collected,
Seeds were also collected from a plant growing in the midst of
large bed in another garden; and as the incoherent pollen is
abundant, the seeds of this plant will almost certainly have been
the product of a cross between distinct plants by means of the
wind. Some of the two lots of seeds were sown on the opposite
sides of two very large pots; and the young seedlings were
thinned, 5o that an equal but considerable number was left on.
the two sides. These plants were thus subjected to very sovere
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competition, as well as to poor conditions. The remaining seeds
were sown out of doors in good soil in two long and not closely
adjoining rows, so that these seedlings were placed under favour-
able conditions, and were not subjected to any mutual com-
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 iu 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.

There was no 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,
the measurements are given in the following table :—

Tapue XOVIL
Beta vulgaris,
No.of Pot. Cromed Plants. | Slffrtilied Plant.
Inches. Inches.
L 34§ 36
30 20
33§ 89,
34§ 52
j 42 421
33 264
313 29,
33 201
Total in inches, 272-75 28°50

The average héight of the eight crossed plants is here
84:09, and that of the cight self-fertilised plants 29-81; or as
100 to §7.

With respect to the plants in the open ground, each long row
was divided into half, 50 as to diminish the chance of any
accidental advantage in one part of cither row; and the four
tallest plants in_ the two halves of the two rows were carefully
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selected and measured. The eight tallest crossed plants averaged
8092, and the eight tallest self-fertilised 307 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

ting. Nor were the lots in the two rows subjected to any
‘mutual competition.

XXIX. CANNACEZE,—CANNA WARSCEWICZL.

In most or all the species belonging to this genus, the pollen
is shed before the flower expands, and adheres in a mass to the
foliaceous pistil close beneath the stigmatic surface. As the
edge of this mass generally touches the edge of the stigma, and
as it was ascertained by trials purposely made that a very few.
pollen-grains suffice for fertilisation, the present species and
probably all the others of the genus are highly self-fertile.
Exceptions occasionally occur in which, from the stamen being
slightly shorter than usual, the pollen is deposited a little beneath
the stigmatic surface, and such flowers drop off unimpreg-
nated unless they are artificially fertilised. Sometimes, though
rarely, the stamen is a little longer than usual, and then the
whole stigmatic surface gets thickly covered with pollen. As
some pollen is generally deposited in contact with the edge of
the stigma, certain authors have concluded that the flowers are
invariably self-fertilised. This is an extraordinary conclusion,
for it implies that a great amount of pollen is produced for no
purpose. On this view, also, the large size of the stigmatic
surface is an unintelligible feature in the structure of the flower,
as well as the relative position of all the parts, which is such
that when insects visit the flowers to suck the copious nectar,
they cannot fail to carry pollen from one flower to another.*

* Delpino has described (‘ Bot.
Zeitung, 1867, 277, nd smn.
tifie Opinion,’’ 1870,
sructuro of “the flowers

are fertilised in the bud, and that
self-fertilisation is inevitable. T

the  presume that they were misled by
in this the pollen being deposited st &

but e was mistaken in
hinking that sel-ertilisation is
impossible, at least in the caso of
the present species, Dr. Dickic and
Prof. Faivre stato that the flowers

very early period on the pistil ; seo
Journal of Linn, Soe. Dot vol

P, 55, and Voriabilté des
Foptoos, 1608, p. 1
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According to Delpino, bees eagerly visit the flowers in North
Ttaly, but T have never seen any insect visiting the flowers of the
present species in my hothouse, although many plants grew
there during several years. Nevertheless these plants produced
plenty of seed, as they likewise did when covered by a net; they
are therefore fully capable of self-fertilisation, and have probably
been gelf-fertilised in this country for many generations. As
they are cultivated in pots, and are not exposed to competition
with surrounding plants, they have also been subjected for a

i time to somewhat uniform conditions. This, there-
fore, is a ase exactly parallel with that of the common pea, in
which we have no right to expect much or any good from
intererossing plants thus descended and thus treated; and
10 good did follow, excepting that the cross-fertilised flowers
yielded rather more seeds than the self-fertilised. This species
was one of the earlier ones on which I experimented, and as T
had not then raised any self-fertilised plants for several successive
generations under uniform conditions, I did not know or even
suspect that such treatment would interfere with the advantages
t0 be guined from a cross. I was therefore much surprised at
the crossed plants not growing more vigorously than the self-
fertilised, and a large number of plants were raised, notwith-
standing that the present species is an extremely troublesome
one to experiment on. The sceds, even those which have been
long soaked in water, will not germinate well on bare sand ; and
those that were sown in pots (which plan I was forced to follow)
germinated at very unequal intervals of time; so that it was
difficult to got pairs of tho same exact age, and many seedlings
had to be pulled up and thrown away. My experiments were
continued during three successive generations; and in cach
generation the self-fertilised plants were again self-fertilised,
their early progenitors in this country having probably been self-
fertilised for many previous generations. In each generation,
also, the crossed plants wero fertilised with pollen from another
crossed plant.

Of the flowers which were crossed in the three generations,
taken together, a rather larger proportion yielded capsules than
did those which were self-fertilised. The seeds were counted in
forty-seven capsules from the crossed flowers, and they con-
tained on an average 995 seeds; whereas forty-eight eapsules
from the self-fertilised flowers contained on an average 8:45
seeds; or as 100 to 85. The seeds from the crossed flowers were

@ The Complete Work of Charles Darwin Online



232 CANNA WARSCEWICZL. Cmar. VL.

not heavier, on the contrary a little lighter, than those from the .

self-fertilised flowers, as was thrice ascertained. On one oceasion
T weighed 200 of the crossed and 106 of the self-fertilised seeds,
and the relative weight of an equal number was as 100 for the
crossed to 1015 for the self-fertilised. With other plants, when
the seeds from the self-fertilised flowers were heavier than those
from the crossed flowers, this appeared to be due generally
to fower having been produced by the self-fertilised flowers, and
to their having been in consequence better nourished. But in
the present instance the seeds from the crossed capsules were
separated into two lots,—namely, those from the capsules con-
taining over fourteen seeds, and those from capsules containing
under fourteen seeds, and the seeds from the more productive
capsules were the heavier of the two; so that the above explana-
tion here fails.

As pollen is deposited at a very early age on the pistil, gene-
rally in contact with the stigma, some flowers whilst still in
bud were castrated for my first experiment, and were afterwards
fertilised with pollen from a distinct plant. Other flowers were
fertilised with their own pollen. From the seeds thus ob-
tained, T suceeeded in rearing only three pairs of plants of equal

e threo crossed plants averaged 8279 inches, and
the three self-fertilised 32-08 inches in height; so that they
were nearly equal, the crossed having a slight advantage. As
the same result followed in all three generations, it would be
superfluous to give the heights of all the plants, and I will give
only the averages, 3

In order to raise crossed and self-fertilised plants of fhe second
generation, some flowers on the above crossed plants were crossed
within twenty-four hours after they had expanded with pollen
from a distinet plant; and this interval would probably not be too
great to allow of cross-fertilisation being effectnal. Some flowers
on the self-fertilised plants of the last generation were also self-
fertilised. From these two lots of seeds, ten crossed and twelve
self-fertilised plants of equal ages were raised ; and these were
measured when fully grown. The crossed averaged 86-98, and
the self-fertilised averaged 3742 inches in height; so that here
again the two lots were nearly equal; but the self-fertilised had
a slight advantage.

In order to raise plants of the third generation, a better plan
was followed, and flowers on the crossed plants of the second.
generation were selected in which the stamens were too short to
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 reach the stigmas, so that they could not possibly have been
self-fertilised. These flowers were crossed with pollen from a
distinet 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, 8596 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 alittle (viz., 1°7 inches) the self-fertilised. They were
again cut down, and on their flowering for the third time, the
self-fertilised plants had a slight advantage (viz., 1'54 inches)
over the crossed. Hence the result arrived at with theso plants
during the prévious trials was confirmed, namely, that neither
lot had any decided advantage over the other. It may, however,
be worth mentioning that the self-fertilised plants showed some
tendency to flower before the crossed plants: this oceurred with
all three pairs of the first generation; and with the cut down
plants of the third generation, a self-fertilised plant flowered
first in nine out of the twelve pots, whilst in the remaining three
pots a crossed plant flowered first.

If we consider all the plants of the three generations taken
together, the thirty-four crossed plants average 3598, and the
thirty-four self-fertilised plants 86-39 inches in height; or as
100 to 101. We may therefore conclude that the two lots
possessed equal powers of growth ; and this I believe to be the
result of long-continued self-fertilisation, together with exposure
to similar conditions in each generation, so that all the indivi-
duals had acquired a closely similar constitution.

XXX. GRAMINACEZ.—ZEA MAYS.

This plant is moncecious, and was selected for trial on this ac-
count, no other such plant having been experimented on.* It is

* Hildebrand remarks that  male flowers standing above tha
this species scems at first sight female flowers; but practi
adapied to be fertilised by pollen  musk generally bo forilised by
from the same plant,owing o the  pollen from another plant, as tho
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also anemophilous, or is fertilised by the wind; and of such plants
only the common beet had been tried. Some plants were aised
in the greenhouse, and were crossed with pollen taken from a
distinet plant; and a single plant, growing quite separately in a
different part of the house, was allowed to fertilise itself spon-
taneously. The seeds thus obtained were placed on damp sand,
and as they germinated in pairs of equal age were planted on
the opposite sides of four very large pots; nevertheless they
were considerably crowded. The pots were kept in the bothouse.
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:—

TapLe XCVIL
Zea mays.
No. of Pot. Crossed Plants. | Self-fertilised Plants.
T Inchen nches.
1 23, 173

12 20§
21 20

1L 22 20
194 183
2t 18§

us 22} 183 4
20§ 15%
18] 16§
21, 18
EEH 163

1vs 21
224
23
12

Total in inches. 80288

The fifteen crossed plants here average 20+19, and the fifteen
self-fertilised plants 1757 inches in height; or as 100 to 87.
Mr. Galton made a graphical representation, in accordance with
the method described in the introductory chapter, of the above
male flowers usually shed their K. Akad.’ Berlin, Oct. 1872,

pollen before the female flowers . 743,
are mature: *Mouatsbericht 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 L. died;
another became much diseased and stunted ; and the third never
grew to its full height. They scemed to have been all injured,
probably by some larva gnawing their roots. Therefore all
the plants on both sides of this pot were rejected in the subse-
quent 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 681, and the eleven self-
fertilised plants 62-34 inches in height; or as 100 to 91. In 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 malo flowers :
the ten crossed plants averaged 66-51, and the nine self-fertilised
plants 61-59 inches in height ; or as 100 to 93.

A large number of the same crossed and self-fertilised seeds
were sown in the middle of the summer in the open ground in
two long rows. Very much fewer of the slf-foriised than of
the crossed plants produced flowers ; but those that did flower,
flowered almost simultancously. When fully grown the ten
fallest plants in each row were selected and measured to the
tips of their highest leaves, as well as to the summits of their
male flowers. The crossed averaged to the tips of their leaves
u inches in height, and_the self-fertilised 44-65, or as 100
and to the summits of their male flowers, 53°96 and
& 45 inches; or as 100 to 80,

PHALARIS CANARIENSIS.

Hildebrand has shown in the paper referred to under the
hn.pew,u.num hermnphrodxmgn- is better adapted
Several plants

m maised in the gremlmnsu close together, and. their flowers
were mutually intercrossed. Pollen from a single plant growing
quite separately was collected and_placed on the stigmas of the
same plant. The seeds thus produced were self-fertilised, for
they were fertilised with pollen from the same plant, but it will
Tave been o mere 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 little over
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foot in height they were measured, and the crossed plants
averaged 1338, and the self-fertilised 12-20 inches in height ;
or as 100 to 92.

When in full flower they were agnin measured to the ex-
tremities of their culms, as shown in the following table:—

Tasie XCOVIIL
Phalaris canariensis.

No. of Pot. ‘ Crossed Plants. Self-fertilised Plants.
KRR Gl i > e

L 42 413

39 454

1L ‘ a7+ 31

494 87

29 42

87 34

1L 28

354 28

43 3¢

. 403 354

37 34

Total in inches. | 428-00 39263

The eleven crossed plants now averaged 38-9, and the eleven
self-fertilised plants 33-69 inches in height; or as 100 to 92,
which is the same ratio as before. Differently to what oceurred
‘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 pots in the greenhouse, yet the self-fertilised
plants produced twenty-cight 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 mumber;
but a far greater number of the crossed than of the self-fertilised
seeds yielded plants. The self-fertilised plants were in con-
sequence not so much crowded s the crossed, and thus had an
advantage over them. When in full flower, the twelve tallest
plants were carefully selected from both rows and measured,
as shown in the following table:—
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Tapie XCIX.
Plalaris canariensis (growing in the open ground).
|
Jorossed Plant, twelve | Self-fetiised Plant
hll-l..“ i} ‘twelve tallest. el
Inches. Tnches.
34, 35
35 81
36
354 82
35 31y
36 36
36 38
38§ 32,
36 35}
35 33
34 34
34§ 35
Mrehen § 420°5 [ 020

The twelve crossed plants here average 35-78, and the twelve
self-fertilised 835 inches in height; or as 100 0 93. In this
easo the crossed plants flowered rather before the self-fertilised,
and thus differed from those growing in the pots.
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CHAPTER VIL

Svaniary or e Henrs Axp WeiGnts oF Tin CROSSED AND
SELF-FERTILISED PLANTS.

Number of species and plants measured—Tables given—Preliminary
remarks on the offspring of plants crossed by a fresh stock—Thirteen
cases specially considered—The effects of orossing a self (emlxwi
plant either by ised plant or by an i jlant
of the old stock—Summary of the results—Preliminary remarks on
the erossed and self-fertilised plants of the same stock—The twenty-
six exceptional cases considered, in which the crossed plants did not
exceed greatly in height the self-fertilised—Most of these cases
shown not to he 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 cross between two individuals of the same stock and
from self-fertilised seeds, together with their mean
or average heights, are given. In the right-hand
column, the mean height of the crossed to that of
the self-fertilised plants, the former being taken as
100, is shown. To make this clear, it may be ad-
visable to give an example. Tn the first generation of
TIpomeea, six plants derived from a cross between two
plants were measured, and their mean height is 8600
inches six plants derived from flowers on the same
parent-plant fertilised with their own pollen were
measured, and their mean height is 6566 inches.
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From this it follows, as shown in the right-hand
column, that if the mean height of the crossed plants
be taken as 100, that of the self-fertilised plants is 76.
The same plan is followed with all the other species.

The crossed and self-fertilised plants were generally
grown in pots in competition with one another, and
always under as closely similar conditions as could
be attained. They were, however, sometimes grown in
separate rows in the open ground. With several of
the species, the crossed plants were again crossed, and
the self-fertilised plants again self-fertilised, and thus
successive generations were raised and measured, as
may be seen in ‘Table A. Owing to this manner of
proceeding, the crossed plants became in the later
generations more or less closely inter-related.

In Table B the relative weights of the crossed and
self-fertilised plants, after they had flowered and had
been cut down, are given in the few cases in which
they were ascertained. The results are, 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 distinct sub-variety, in comparison with self-
fertilised plants, or in a few cases with plants of the
same old stock intererossed during several generations.
The relative fertility of the plants in this and the
other tables will be more fully considered in a future
chapter.
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TABLE A.—Relative Heights of Plants from Parents crossed with
Pollen from other Plants of the same Stock, and self-fertilised.

| s | 2 2
LIL, 4 3| 4
5z | %5
g! !g El g
BE\ 2 |2 -é
8
somornae |8 2153 22| Lo
- 3
PEIE
2% [=0) k| 38
Ipomaa 1st generation | 6 |86-00| 6 [65-66 5100 to 76
Ipomeea "“'gcmrnkim 6 84-16| 6[66-38 ,
Ipomeea 3) 6 |77°41| 6|52:83| ., , 68
Ipomaa 7 |69-78| 7 60-14| 1, o 86
Ipomea 6 8254 B le2as| 1 o7
Ipomaa 6 |87:50( 66316 » o 72
Ipomaa 7 9 8394 96825 1 1 81
Ipomea purpurea—Sth generation | 8 113-25 8 (96+65| . » 85
purpurea—9th generation | 14 81-39 | 14 (6407 . . 79
th generation | 5 |98-70| 5 50°40| o 54

werage height of all|| |
the plants of the tan genere-( 73 |86°84| 73 0002, 77
tions .

Mimulus luteus—thres f
tions, efors the new and aler]] 10 | 819 10 [ 5-28( ,, , 65
self-fertilised variety appeared

Mfildhpurpnlu. 2 16 51-38| 8|3s-87| , , 70
)"'—("‘”‘"“"" '“‘"‘"“““} 119-50| 1(15°00| , , 77

Phvainl RS . B (14 3 o B

Verbaseum thapsus 6 |6534| 6 (650 , » 88

Vandellia nummularifolia—crossed

ad slfetlsl, plants sl 20 | 4°30(20 | 427 90

Vllhl]u nnmnnllnfnlil—cm-d
rtili

s 4-30( 20 | 408] , , 94
Gesneria pendulina. . . . .| 8[32:06 » 90
Salvia coccinea. . . . . .| 62785 R

iganum . . I‘20'00 » 86
Thunbergia alata ool e 6000 7108
I B 9
Iberis umbellata—the self-fertilised ¢
‘plants of the 3rd generation } e nB8
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TAvLE A—continued,
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HIHE
S ECHE IR
NAMES_OF PLANTS, 4 ‘53 i! £
M ]
ig Fina
. L SRR
P-‘.Eml ™ tomicapaciia] 22 21781 15 [19-54 as 10010 80
l.:h forni 3 y
sk o 4|2008| 42556 , , 8
i glhh 3 p
g e 11 |82-47 11 |82-81| ,, , 101
"‘""‘"‘“‘m. 14 [44-64) 14 [4512] , , 101
Eschscholtzia_californica — Bra- ’ o
il steck, 2ud gravestion, ™ 18 [43°38( 19 [50-50] , , 116
Eschscholtzia californica—averag
height and number of all the | 47 40-03| 48 |42-72( , , 107
Ul (1rearf o faeet| , o8
8(28:09| 8 (2814 , 1 82
19 2748|190 [22:55( ,, ,, 82
8 (2576 8 [27:08] , ,, 105
20 |20-08| 20 |27:71( 4, 02
seeds from a semiwself-sterile(| 8 |25-92| 8 [28-54] , , 90
plant, grown in open ground
Viola tricol e @ 4| 558 14| 287 ,, , 42
Adonis sti e o o] 4|14-25) 41681 5 ) 100
Delphinium £ 611495 6 [12:50| . . 84
Foari oculata . - 15 (34:50( 15 |88-5| 5 o7
g il
o ez | offosr |, , 8
thus yilus—20d gen- . 5
mmmcﬁ",_ﬂd_ "N 3|1ems| af o8| , , 58
yllas—Srd gen- o 8
""".._:';:z"‘“. st R I B
us _caryophyl )
from plants of the 3rd sel-ferti-
Tised generation crossed by inter- ; g %
erossed ylnnthofﬂrd ‘;mrhl ion, | 15 [28:00| 10 (26°55) ,, ,, 95
compared with plants of 4th self:
IR et
3
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TaBLE A—continued.
|2 | 28| 22t
LIY, )3 | &
S5 |25 o2
Bl sf (3| 22| 2%
83| 25 (35| & =50
NAMES OF PLANTS, =5 §5131| 3 ;55§
M- 1
PHE B T
£ B" |23) B3 | ESE4
z < z <% 2523
Dianthus caryophyllus — number, |
and averags hélght of all the| 31 |27-37| 20 | 2518 as 100 to 92
plants of Dianthus
Hibiscus africanus . . . . .| 4 (13-25| 4 |14+43] , 100
Pellr‘anl\lm somle . . . .| 72285 71663 , , 7
lum m 8 |58:43| 8 (46:00| , , 79
Dltsathin dongiosi |16 1746 16 |13:85| , o 7
Lupinus lutens—2nd generation . | 8 :m-nll 8 (25-21| ,, 82
Lupinus pilosts — plants of two it X
s vy s, } 2|35:50| 3 (80-50| ,, , 86
Phaseolus multifiorus . . . 58600 58235 ,, , 96
Pisum sativam . . 4|3462( 43968 , 115
Sarothamnus - scoparins — small s il 7
g 7 6291 6| 18], , 46
Sarothamn |
survivors on ekl ek howe 18-91 11488 |7 y0 #5468
years’ growth 3 |
Onouis miuutissima : 2 (19-81| 2 |17°37| , , 88
Clarkia clegans. . . . . 4 |83-50| 4|27°62| , , 82
il % 8|24-62| 8|26-81| , , 107
PREAGR P ¢ 2‘49400\ 2[51°00| , 104
Apium petroselinum . . . . .={,_(;;;,',,_\}7{,,‘;';::,_t - 0
Scabiosa atro-purpurea. 4‘11-12 41, , 90
ntuc-unm—plnnhuflwu gen- [ i J
ey & g g 7/19°43| 6 IBOD‘ » R
Specnhnalpmulum 5 4 |19:28) 4 [18-93| , , o8
t generation, 4(22:25 4 (18-37| , , 8
loheh ramosa—2nd generation . | 3 |23-33| 3 [19-00| , ,
Lobelia fulgens—1Ist generation 2 |84:75] 2 (44°25| ,, 120
Lobelia mgm 23 |29-82( 23 [27°10| ,, ,, 91
Nemophila —] 12 [11-10{ 12 | 5:45| ,, ,, 49
hemnphll-)mxgnu——thvmmnlu]ly} gt e PR ol
RENe 1 .
Borago officinalis . . . . .| 4 2068| 4|21-18) , , 102
Nolana prostrata 5 (12:75| 5 (13-40| ,, ,, 105
5 |30-80| 5 (26-00| , , 84
4140-50| 6(26°25| , , 65
8 {40°06| 8 (53:87| , ,, 131
Petunia violacen—4th generation . | 15 46'19[ 14 [32:39| ,, , 69
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TABLE A—continued,
IIEIE
gi ‘i ii‘ bt b
NAMES OF PLANTS. ,é %g 53 ;z ?g!i_
PEmd
:
£l8 8 5 g
o 18 |4ae7a) 18 | o8-8 100 10 60
Petunia violacea—5th generation . | 22 |54-11| 21 |93-23| ,, ,, 61
Folani iolaon—Sth. geoscaion | 10 |3g.27 10 | 2391 5
B Bt i o
‘tunia ol am
P avernce helghtof al the pants| 67 | 4858 o7 |ss-12( , -, ™
«|18-50| 4 397s| ,, 18
o [s384| 7 |5178( 1 %8
Nicutanstabscun—Sed gneration | 7 |05+35( 7 |70-60| [ [ 83
Nicotians tabacum—3rd generation . %
but raised from a distinet phn} T190°1B] 9 ITEROL a0, 501
Nicotiana tabacum-
anerge beight of all the plante(| 27 69-73 27 |01°31| 96
IS
8| 94| 82 750f , , 70
ragais Ben 6 [4220| 6 3335 o 1 6
. Primula. sinensis —a dimorphic) ¢ [ g.01( g | 9o03 o o100
h:olh ymml:-culmtnm—-dmnr-} 15 [ssvos] 15 [a0e1s] ,, o
Beta valgaris—inpots. . . .| 8|34:09| 8 |20wt| , , &
Beta vulgaris—in open ground . | 8 (3092 8 30:70( , . 9
R l""""“""} 34 |35°98 34 [3630| ,, 101
h-r'—i ilst young,| | g0~ B
B v 1o e o laaves 1] 25 [0-18f 38 feves) o, . &
Zeamavs—when fll grow, it || L
" on
eoest| ferso| , o
miu-oo 10 |44-53] ,, ,, 8
|s3:08| 4345 80
11 |38-00| 11 [85-60( , , o2
Phnlaris canarionsl—in apen ground| 13 | 35+78 | 13 38:00] 1 93
2
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TapLE B—Relative Weights of Plants from Parents crossed with
Pollen from distinct Plants of the same Stock, and Self-fertilised.

Number | ‘Number

generation, in open ground

Weig
NAMES OF PLANTS. ird oll.'h‘:
| it | i T
Ipomea p,::pnrel—plnnh of the lmh}[ 6 a8 100 to 44
v.:::“ll nnmmnl-nfolu—ln.genen- m a iR |
Brassica oleracea—1st generation 9 9 L
[Eschscholtzia mllf\lmlcw—pllnll of lht
280 generatio 1910 o e
Reseda lutea—1st glnentlen, gl‘own m}‘ P 5
}‘ (i 4T T Mg
e |
sl fiu s iy mihadiEn ot ie 2 gt
plant, grown in pots » . ‘
Reseda odorata—lst generation,  do-
seendod fom sl 2 | 20 g |
grown in pot 3
thus urynphyll\u-p ants of thei
o .
B v.olm_phnu of the 5th
generation, in ) et » w8
Petunia lew—plnnll of lht 5t|: 10 10 36
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TABLE C.—Relative Heights, Weights, and Fertility of Plants from
Parents crossed by a fresh Stock, and from Parents cither self-
Jertillised or intercrossed with Plants of the same Stock.

- FEIET
By

NAMES OF PLANTS AND NATURE it EH 'E! 23 §E§
OF THE EXPERIMENTS. 5% §§ \3_:3 %; gé;g

3 i i

BEak | g

Ipomaa  purpuren — offspring of
plants intercrossed for nine gen-|
erations and ¢ by

al 4 g w0 7
compared withf 19 8403 19 16578 as 100 ‘0 78

I
. |
|
|
|

fresh  stock,
plants of the 19th intercrossed|
Fomatatlon' s i e h ¥ qitd

generation, in fertility . . .

Mimulus luteus—offspring of plants:
sel-fertilised for eight genera-
tions and then crossed by a fresh) 28 |21+62| 10 (10°44| ,, , 52
stock, compared with plants of|
the 9th self-fertilised generation)

Mimulus lutens—offspring of plants)
self-fertilised for cight genera-
tions and then crossed by a fresh|
stock, com) with plants off
the 9th self-fertilised generation,|
in fertility e

Mimulus luteus—offspring of plants)
self-fertilised for eight genera-|
tions and then crossed by a fresh
stock, compared with the off-
spring of a plant i
for eight generations, and then|
intercrossed with another self-
fertilised plant of the sume gen-| |
Brstion. .« . ... oo o |

28 |21-62| 27 |12°20 ,, ,, 56
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TasLe C—continued.

g4l 3 (3 H

Bylels |5

NAMES OF PLANTS AND NATURE 5! 2 E fé Egé
OF THE EXPERIMENTS. :_‘ g; ;% 23 éé;
j' =, %‘E

L g i § i

Mimulus utens —ofipring of plant
wiEferiled for eight geaer|

tions and then crossed by a fresh,
stock, compared with m off
spring of a plant [T R (5
for eight generations, and then|
intercrossed with another self-
frtiised plaat of the same gen-
eration, in fertility . . . .
Brassica oleracea — offspring  of)
lants slf-frtilsed for o gene
erations and then crossed by a
stock,  compared with

v fs100t0 4

w22

generation, by weight .

Tbers umbllata—afspring. from
English  variety  crossed
-n,my different Algerine va- ¢ s
riety, ‘compared with the self-f| 50 |17°34| 20 |15-51] ,, ,, 89
fertllsod oflpring of th Englh

vty

En y
lghtly s Algwien
variety, comparad with the sl
ertilied ofpringof the English
vatiety, in fertility . . . .
Backscholsh uhﬁ)rmu—oﬂ'lpnnx
stock erossed
- &.gu.h .mx, compared il
plants of the Brazilian stock of||
T had sl e ‘generation)
Mmhnluhu.lllnrmu—oﬂ':ynng
2 Braalian stock crusel by||
an Engluh stock, cor wnI: 118
lants of the anlh-n stock off| ** [ ee fise | o0 | ». m
the 2nd self-fertilised genern(wu, | |
inweight . . . . | |

s
i
“
B

19 [45+02| 19 [50-30| ,, , 109
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TaBLE C—continued.

iy L T
gl @l 3 | 22
& 3 H
RN § | £xd
51 ax 1) | 24 | EEy
NawEs oF pLaNTs aND Nature|S& | £3 22| 52| EEE
oF e ExpereNts, (321 52 [o3F| §5 | fsa
33| & Cop| = giE
e kg £d8
828 ok | g,
A 2°| 3 [fis| £ | it
Bhshalzicalitmica—sping |
of a tock crossed by )

an Eaglih stock, compared Wi
plants of the Brazilian -wck uf sl e fee| e (a8 100to 40
he dud wlFfrlled ensraton
in fertility

Fu:hjcholnlnuh{utnnca—aﬁ'rprmg
a Brazilian stock crossed by
an Eaglah stock, compared with 4
plants of the Brazilian stock off| 19 [45°92| 18 |45:38| , ,, o4
the 2nd intercrossed pemerston,
in height . . T

Eschscholtzia lifurnim—nmp\‘ing

of a Brazilian stock crossed by
English stock, compared wit
plants of the Brazilian stock off| ** | =+ |+ | oo | » 5100
the 2nd intercrossed genemmn,
in weight

thhvltxucnlifamicn—nﬂ‘ipring
of a Brazilian stock crossed by
an English stock, compared wit]
plants of the Brazilian stock off| =+ | «+ | sx | e} w w %
the 2ud intercrossed
in fertility . .

Dianthus clryoyhy!lm—cmpnng
of plant
genenlmu e cromad byl 1g
a fresh stock, compared
plants of the 4th self-fortili
generation . . e

32:82| 10 (26-55 ,, ,, 81
|

Disnthus spring) |
of plants self-fertilised for three |
generations and then crosed by
a fresh stock, compared
Dlante of the Ath st frtted |
generation, in fertility . . |
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TasLE C—continued,

2|3 [z | 22

E%g !E i

T s} =4 | 3R

NAMES OF PLANTS AND NATURE &4 | 23 £2,| 2§ 7
OF THE EXPERIMENTS, éé‘ F gi! £ gg‘g
géfg il | s

2| % : |

Dianthus
oF lants sl brblied r S
gepenions ad the exosed Ly
nﬁ,wm; = seoms ke84 ““ 16 |32:82| 15 |28-00 [ as 100 to 85
for three generations and then
crossed by plants of the 3rd
intercrossed generation .

Dianthus _caryophyllus—offspring)
of plants self-fertilised for three
generations and then crossed by
& fresh stock, compared with the
offspring of plants sel i sh stk Yubitia n w45
for three generations and then|
crossed by plants of the 3rd
intercrossed gonmmn, in fer-
tility . .

Pistm sativum—ofispring from a)
eross between two closely allied i
varieties, compared with the self-(| . £
fertilised offspring of one of thel W
varieties, or with  intercrossed
plants of the same stock .

Lathyrus odoratus—ofipring from
two varieties, differing only in|
colour of their flowers, compared ;
with the self-fertilised offspring(| 2 |79°25| 2 63:75| » , 80
of one of the varieties: in 1st
generation «

Lathyrus odoratus—offspring from)

co ! g
with the self-fertilised offspring(| © (62°91| 6 33:31) , , 88
of one of the vlnetles. in 2nd

generation .+ .

|
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Tapue O—continued,

PP R
HEIEAE -
IR R
23 B 0l 8 | §
w8 gl 2 | 5
HER RS
20| & Pis| 2 233

Petunia  violacen — offspring _of
plants _self-fertilised for _four
generations and_ then crossed b
a fresh stock, compared with
plants of the Bth self-fert
generation, in height . . .,

Petunia  violacea—offspring o

lants  self-fertilised fnr four|
generations and then crossed by 23
a fresh stock, compared with(l ** | ** |t et | w ow
plants of the 5th
generation, in weight . .

Petunia  violacen—offspring _of)
piants _self-fertilised for four
generntions and then cromed by
a fresh stoc pared wi
plants of frog g
geuh:rnhon, rewn nopen grouad,
in hei

21 {50105| 21 | 5323 as 100 to 66

s

36+67| 10 (2831 , , 63

Potunia  violssea — offpring o
plants self-fortilised for four
generations and then crossed by|
& fresh stock, compared with
plants of the Skh

mwgm R o o6y IR
Potunia  violacea — offspring o
plants _self-fertilised for_four|
generations und then cromed
a fresh stock, com . .. . ..
plants of the 5th self- Ertiad
gmnmn,mnnm opengron ind,
in fortility
Yiolsows i aliprisg  of
iasts  sclf-frtlisod for” foue
generations and then crossed by . :
a fresh stock, compared with(| 21 |50'05| 22 |54°11) ,, , 108
plants of the 5th intercrossed
. generation, in height
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TaBLE C—continued.

S TETRECT
Bid] B

savms op puars aowarums 58 | =3 (11| 53 | 384
OF THE EXPERIMENTS. ié s E} §=§ ésé

iR R

i e !‘ z 5‘57_

Petunia  violacen — offspring o
plants _self-fertilised for _four|

a fresh stock, compared withf| ** [ ++ |+ | .. [15100to 101
plants of the 5th intercrossed
generation, in weight . . .

Petunia  violacea — offspring _of)
plants _self fertilised for four|

a fresh stock, compared witht 10 |36+67| 10 |38-27| ,, , 104
plants of the 5th intercrossed
generation, grown in open ground,
in height . . jhsey

Petunia  violacea — offspring _of)
plants _self-fertilised for ~four,
‘generations and then crossed by
a fresh stock, compared withy| ..
plants of the 5th intercrossed
generation, grown in open ground,
infwelght.. . o' ol% bty

PO S 1T

Petunia  violacsa — offspring _ of)
plants self-fertilised for four|
generations and then crossed by
a fresh stock, compared with
plants of the 5th intercrossed
‘generation, grown in open ground,
in fertility i i

¥

Nicotiana  tabacum—offspring o
plants self-fertilised for three
generations and then crossed by|
a slightly different variety, com-{| o
pared with plants of the 4th
self-fertilised generation, grown
not much crowded in pots, in
BeREERER .. L L .

6329 | 26 41°67
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TaLE C—continued.

TR H
i i

s s o suconn | 23 11 24| 203
OF THE EXPERIMENTS, éé B ‘gii %Ei
!l BEa

£85 .

BT

Nicotiana tabacum—offspring
plants. self-fortlised ]
generations and then by

a slightly difforent variety, com-{ 12 |81:53| 12 17:21 | as 100 to 54

with plants of the 4th
sel-fertilised_generation, grown|
‘much crowded in pots, in height

Nicotiana  tabacum—offspring of)
plnts sel-ertilied fer. thres
nerations and then crossed by ||

a lhghtly diflrent variety, com-
lants of the 4th

Yt ertilised generation, grown
much crowded in pots, in weight

Nicotiana tabacum—offspring of) |
plants self-fortilised for three
generations and then crossed by|
& slightly different variety, com- 20 4874, 20 |35:20

with plants of the 4th
self-fertilised generation, grown|
open ground, in height .

Nicotiana tabacum—offspring o
phnh self-fertilised for three
ons and then crossed by,
Rilighsty diftrect variety, ssenct) oo | oo
with plants of the 4th
self-fertilised_generation, grown|
in open ground, in weight .

Ansgalis cllna—ofipring from o

ety ¥ a bluel
a7, cnmpared it the self
mm..d offpring of the red
e R

2-63( 81821 , , 66
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TABLE C—continued.

NAMES OF PLANTS AND NATURE
OF THE EXPERIMENTS,

i3
Pl gk
2 £23
£z | 25
gﬁ‘ &3
g5 | s
2= | 283
% fece
B |58
5 o|ugeeE

Amgallis alliva—ofipring from o
red variety crossed by a blue,
variety, compared With the sell

offspring of the red

variety, in fertility . . .

Primula veris—offspring from long
styled plante of the ord illegifi-
mate generation, cross
fresh "stock, compared with!
plants of the 4th illegitimate|
and self-fortilised generation

Primula veris—ofispring from long-
styled plants of the 5rd illegiti-|
mate generation, crossed by a
fresh ~stock, compared with
plants of the 4th illegith

and self-fertilised generation, in
fertility . . .
Prlm\\\nvansAoR‘s)lnng fromlong)
styled plants of the 3rd Alle!m.
mate generation, crossed
fresh stock, comp wnh
plants of the 4th illegi

and self-fertilised generation, in|
fertility in following year . .
Primula veris (equal-styled, red.

plants_self-fertilised  for twol
e d o mm.\ (bra
different variet,

y, co
plnnu nl the Bhd selt Ienlhsed

tyled,
flowered vari mpr g Farl
plants Pl
ATt i crund 17
different variety, co

plants of the 3rd self ortied
generation, in fertility .

ERT
g s Eg
& g <
E% 7
1| = i1
S5 25 AL
25 254
Ik 5
|32 g!é
- ZE
|
|
8 7~oai 8
|
|
oo
|
3 866 5[
| |
|
B
Bl

co |as100t0 6

32|
|
i
|
|
7:88
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In these three tables the measurements of fifty-seven
species, belonging to fifty-two genera and to thirty
great natural families, are given. The species are
natives of various parts of the world. The number
of crossed plants, including those derived from a cross
between plants of the same stock and of two different
stocks, amounts to 1,101 ; and the number of self-fer-
tilised plants (including a few in Table C derived
from a cross between plants of the same old stock)
is 1,076. Their growth was observed from the germi-
nation of the seeds to maturity; and most of them
were measured twice and some thrice. The various
precautions taken to prevent either lot being unduly
favoured, have been described in the intmducmry
chapter. Bearing all these circumstances in mind, it
may be admitted that we have a fair hnu for judging
of the ive effects of and of
sel-fertilisation on the growth of the offspring.

It will be the most convenient plan first to consider
the results given in Tuble C, asan oppommlty will thus
be afforded of incid
points. If the reader mll look down the nghb-hnnd
column of this table, he will see at a glance what an
extraordinary advantage in height, weight, and fer-
tility the plants derived from a cross with a fresh stock
or with another sub-variety have over the self-fertilised
plants, as well as over the intercrossed plants of the
same old stock. There are only two exceptions to this
rule, and these are hardly real ones. In the case of
Eschscholtzia, the advantage is confined to fertility.
In that of Petunia, though the plants derived from a
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. It has, however, been shown that the
superiority of these intererossed 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 C, some preliminary remarks must be made.
There is the clearest evidence, as we sball presently
see, that the advantage of a cross depends wholly on
the plants differing somewhat in constitution ; and that
the disadvantages of self- femhsnuon depend on the tvs o
parents, which are bined in the same h
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
varieties of the same species depend largely, and as I
believe exclusively, on their progenitors having been

d to different conditions ; though the conditi
to which the individuals of the same species are ex-
posed in a state of nature often falsely appear to us the
same. For instance, the individuals growing together
are necessarily exposed to the same climate, and they
seem to us at first sight to be subjected to identically
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the same conditions ; but this can hardly be the case,
except under the unusual contingency of each individual
being surrounded by other kinds of plants in exactly
the same proportional numbers. For the surround-
ing plants absorb different amounts of various sub-
stances from the soil, and thus greatly affect the
nourishment and even the life of the individuals of
any particular species. These will also be shaded and
otherwise affected by the nature of the surrounding
plants.  Moreover, seeds often lie dormant in the
ground, and those which germinate during any one
year will often have 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 wnh the old residents,
thus g their i 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 been subjected to different conditions.
Cultivated plants like those in a state of nature
frequently intercross, and will thus mingle their
constitutional 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 ina 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 nof
frequented by the native insects in their new home,
and therefore are not intercrossed ; and this appears
to be a highly important factor in the individuals
acquiring uniformity of constitution.

In my experiments the greatest care was taken that
in each generation all the crossed and self-fertilised
plants should be subjected to the same conditions.
Not that the conditions were absolutely the same, for
the more vigorous individuals will have robbed the
weaker ones of nutriment, and likewise of water when
the soil in the pots was becoming dry; and both lots
at one end of the pot will have received a little more
light than those at the other end. In the successive
generations, the plants were subjected to somewhat
different conditions, for the seasons necessarily varied,
and they were sometimes raised at different periods of
the 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 each succeeding intercrossed generation,
being sometimes augmented, but more commonly
neutralised in a greater or less degree, and sometimes
revived through reversion; just as we know to be the
case with the external characters of crossed species and
varieties. With the plants which were self-fertilised
during the successive generations, this latter important
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source of some diversity of constitution will have been
wholly eliminated ; and the sexual elements produced
by the same flower must have been developed under as
nearly the same conditions as it is possible to conceive,
In Table C the crossed plants are the offspring of a
cross with a fresh stock, or with a distinct variety; and
they were put into competition either with self-fertilised
plants, or with intercrossed plants of the same old stock.
By the term fresh stock I mean a non-related plant,
the progenitors of which have been raised during some
generations in another garden, and have consequently
been exposed to somewhat different conditions. In the
ease of Nicotiana, Iberis, the red variety of Primula, the
common Pea, and perhaps Anagallis, the plants which
were crossed may be ranked as distinet varieties or
sub-varicties 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
fmm the same lot of purchased seeds thus rmed the
may be d as merely i
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.

(L) Ipomea purpurea.—Plants growing in the same
puts, and sub_)ected in each genennon to the same
were. for nine
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 1001078 ;
and this is nearly the same excess which the inter-
crossed had over the seli-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 the structure of the
flowers and from the frequency of the visits of humble-
bees.  And so it will have been with the parent-plants
of the fresh stock. The whole great difference in height
and fertility between the two lots must be attributed to
the one being the product of a cross with pollen from a
fresh stock, and the other of a cross between plants of
the same old stock.

This species offers another interesting case. In the
five first generations in which intercrossed and self-
fertilised plants were put into competition with one
another, every single intercrossed plant beat its self-
fertilised antagonist, except in one instance, in which-
they were equal in height. But in the sixth gene-
ration a plant appeared, named by me the Hero, re-
markable for its tallness and increased self-fertility,
and which transmitted its characters to the next three
generations. The children of Hero were again self-

@ The Complete Work of Charles Darwin Online




Ciuar. VIL TABLE C. 259

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
mere act of crossing two distinet plants does not by
itself benefit the offspring. This case is almost the
converse of that in the last paragraph, in which the
offspring profited so greatly by a cross with a fresh
stock. A similar trial was made with the descendants
of Hero in the following generation, and with the same
result. But the trial cannot be fully trusted, owing
to the extremely unhealthy condition of the plants.
Subject to this same serious cause of doubt, even a
eross with a fresh stock did not benefit the great-
grandchildren of Hero; and if this were really the case,
it is the greatest anomaly observed by me in all my
experiments.

(2.) Mimulus luteus.—During the three first genera-
tions the intercrossed plants taken together exceeded
in height the self-fertilised taken together, in the ratio
of 100 to 65, and in fertility in a still higher degree.
- In the fourth generation a new variety, which grew
taller and had whiter and larger flowers than the old
varieties, began to prevail, especially amongst the self-
fertilised plants. This variety transmitted its characters
with remarkable fidelity, so that all the plants in the
later self-fertilised generations belonged to it. These

the d plants consider-
ably i in height. Thus in the seventh generation the
intercrossed plants were to the self-fertilised in height
as 100 to 137. It is a more remtu‘lmble fact that the
52

© The Complete Work of Charles Darwin Online



260 SUMMARY OF MEASUREMENTS.,  Cumar. VIL

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 Ipomea. No other such case, with the partial ex-
"ception of that of Nicotiana, occurred in my experi-
ments, carried on during eleven years.

Two plants of this variety of Mimulus, belonging to
the sixth self-fertilised generation, and growing in
separate pots, were intercrossed ; and some flowers on
the same plants were again self-fertilised. From the
seeds thus obtained, plants derived from a cross
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 Ipomea, of the grandchildren
of Hero, and app y of its great dchildren ;
for the seedlings raised Dy 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 eighth self-fertilised generation were again
self fertilised, producing plants of the ninth self-
fertilised generation.  Secondly, two of the plants of the-
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eighth self-fertilised generation were intercrossed one
with another, as in the experiment above referred to;
Imt this was now effected on plants which had been
d two additi ions of self-fer-
tilisation, Thirdly, the same plants of the eighth sel-
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
detenomnun of the self-fertilised plants from two
Aditi ions of self-fertilisation, and the
eonsequent ndvnntlwe of any cross whatever, althongh
merely between the self-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 scedlings thus raised were
to the self-fertilised of the ninth generation as 100 to
52 in height, and as 100 to 3 in fertility ! They were
also to the intercrossed plants (derived from crossing
two of the self-fertilised plants of the eighth generation)
in height as 100 to 56, and in fertility as 100 to 4.
Better evidence could hardly be desired of the potent
influence of a cross with a fresh stock on plants which
had been self-fertilised for eight ions, and had
been cultivated all the time under nearly uniform
conditions, in comparison with plants self-fertilised
for nine generations continuously, or then once inter-
crossed, namely in the last generation.
(3.) Brassica oleracea.—Some flowers on cabbage
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plants of the second self-fertilised 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.

(&) Tveris 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. T am 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 three
generations, were in height as 100 to 86, and in
fertility as 100 to 75. The slightly greater difference
in height in this latter case, may possibly be attributed
to the deteriorating effects of self-fertilisation carried
on for two additional generations,

(5.) Eschscholtzia californica.—This plant offers an
almost unique case, inasmuch as the good effects of
a cross are confined to the reproductive system.
Intererossed 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 having the advantage. So it
was with the offspring of plants of the Brazilian stock,
tried in the same manmer. The parent-plants, however,
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of the English stock produced many more seeds when
fertilised with pollen from another plant than when
self-fertilised ; and in Brazil the parent-plants were
absolutely sterile unless they were fertilised with
pollen from another plant. Intercrossed seedlings,
raised in England from the Brazilian stock, compared
with self-fertilised seedlings of the corresponding second
generation, yielded seeds in number as 100 to 89 ; both
lots of plants being left 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 offspring were, as before, inferior in
height and weight to the plants of the Brazilian stock
after two generations of self-fertilisation, but were
superior to them in the most marked manner in the
number of seeds produced, namely, as 100 to 40 ; both
lots of plants being left freely exposed to the visits of
insects.

In the case of Ipomcea, we have seen that the
plants derived from a cross with a fresh stock were
superior in height as 100 to 78, and in fertility as 100
to 51, to the plants of the old stock, although these
had been intercrossed during the last ten generations.
With Bschscholtzia 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

@ The Complete Work of Charles Darwin Online



264 SUMMARY OF MEASUREMENTS.  Ciar. VIL

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.

These 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 sativwm.—Tt 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
least good to the offspring either in height or fertility.
This case is almost exactly parallel with that of
Mimulus, or that of the Ipomeea named Hero; for
in these two instances, crossing plants which had been
self-fertilised for seven generations did not at all
benefit the offspring. On the other hand, a .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 seen that seedlings from a cross
between two varieties, which differed in no respect ex-
ceptin the colour of their flowers, were to the self-ferti-
lised seedlings from the same mother-plant in height as
100 to 80; and in the second generation as 100 to 88,
Unfortunately I did not ascertain whether crossing
two plants of the same variety failed to produce any
beneficial effect, but I venture to predict such would
be the result.

(9.) Petunia 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
crossed by a fresh stock, and the seedlings thus obtained
were put into competition with the self-fertilised plants
of the fifth generation. The crossed plants exceeded
the seli-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.—My 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 T suspect that the stock
on which I experimented had been raised under glass,
and had been self-fertilised during several previous
generations ; if so, we can understand why, in the course
of three generations, the crossed seedlings of the same
stock did not uniformly exceed in height the self-ferti-
lised seedlings. But the case is complicated by indi-
vidual plantshaving different constitutions, so that some
of the crossed and self-fertilised seedlings raised at the
same time from the same parents behaved differently.
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However this may be, plants raised from self-fertilised
plants of the third generation crossed by a slightly
different sub-variety, exceeded greatly in height and
weight the self-fertilised plants of the fourth genera-
tion; and the trial was made on a large scale. They
exceeded them in height when grown in pots, and not
much crowded, in the ratio of 100 to 66 ; and when
much crowded, as 100 to 54. These crossed plam,s lhen
thus subjected to severe also

the self-fertilised in weight in the ratio of 100 to 37.
So it was, but in a less degree (as may be seen in
Table C), when the two lots were grown out of doors
and not subjected to any mutual competition. Never-
theless, strange as is the fact, the flowers on the
mother-plants of the third self-fertilised generation
did not yield more seed when they were crossed with
pollen from plants of the fresh stock than when they
were self-fertilised.

(11.) Anagallis collina. —-Phnts raised from a red
variety crossed by another plant of the same variety
were in height to the self-fertilised plants from the
red variety as 100 to 73. When the flowers on the
red variety were fertilised with pollen from a closely
similar blue-flowered variety, they yielded double the
number of seeds to what they did when erossed by
pollen from another individual of the same red variety,
and the seeds were much finer. The plants raised
from this cross between the two varieties were to the
self-fertilised seedlings from the red variety, in height
as 100 to 66, and in fertility as 100 to 6.

(12) Primula veris—Some flowers on long-styled
plants of the third illegitimate generation were legiti-
mately crossed with pollen from a fresh stock, and
others were fertilised with their own pollen. From
the seeds thus produced crossed plants, and self-
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fertilised plants of the fourth illegitimate generation,
were raised. The former were to the latter in
height as 100 to 46, and in fertility during one
year as 100 to 5, and as 100 to 3-5 during the next
year. In this case, however, we have no means of
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 it is probable
that these two processes do not differ so essentially as
at first appears to be the case. In the following ex-
periment any doubt arising from illegitimate fertilisa-
tion was completely eliminated.

(18)) Primula wveris. (Equal-styled, 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 Measwrements 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 305 plants, either of self-fertilised origin, or
derived from an intercross between plants of the same
stock. These 597 plants belong to thirteen species
and twelve genera. The various precautions which
were taken to ensure a fair comparison have already
been stated. If we now look down the right-hand
column, in which the mean height, 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 intercrossed
plants of the same stock. With respect to height and
weight, there are only two exceptions to the rule,
namely, with Hschscholtzia and Petunia, and  the
latter s probably mo 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. Ou 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 distinet sub-variety. It
cannot be maintained that the benefit thus derived is
due merely to the plauts of the fresh stock being per-
fectly heaithy, 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
having been subjected to exactly the same conditions
and being equally healthy or unhealthy.

We further learn from Table C, that a cross between
plants that have been sclf-fertilised during several
successive generations and kept all the time under
nearly uniform conditions, does not benefit the offspring
in the least or only in a very slight degree. Mimulus
and the descendants of Ipoman named Hero offer
instances of this rule. Again, plants self-fertilised
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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 Ipomaa), 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

@ The Complete Work of Charles Darwin Online



Cuar. VIL TABLE A. 271

of self-fertilised plants 809; that is altogether 1,605
plants. Some of the species were experimenteil 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 L had always crossed some flowers either on the
self-fertilised or intercrossed plants of each generation
with pollen from a non-related plant, grown under dif-
ferent conditions, as was done with the plants in Table
C; for by this procedure I should have learnt how much
the offspring became deteriorated through continued
self-fertilisation in the i i As the
case stands, the self-fertilised plants of the successive
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
C, I should not have discovered the important fact
that, although a cross between plants which are rather
closely related and which had been subjected to
closely similar conditions, gives during several genera-
tions some advantage to the offspring, yet that after a
time they may be intercrossed with no advantage what-
ever to the offspring. Nor should I have learnt that
the 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 notice
is here taken of the few cases in which crossed and
self-fertilised plants were grown in the open ground,
so as not to compete together. The table includes,
as we have seen, plants belonging to fifty-four species,
but as some of these were measured during several
successive generations, there are eighty-three cases in
which crossed and self-fertilised plants were compared.
As in each generation the number of plants which
were measured (given in the table) was never very large
and sometimes small, whenever in the right-hand
column the mean height of the crossed and self-fertilised
plants is the same within five per cent., their heights
may be considered as practically equal.  Of such cases,
that is, of self-fertilised plants of which the mean
height is expressed by figures between 95 and 105,
there are eighteen, either in some one or all the gene-
rations. There are eight cases in which the self-
fertilised plants exceed the crossed by above five per
cent., as shown by the figures in the right-hand column
being above 105, Lastly, there are fifty-seven cases
in which the crossed plants exceed the self-fertilised in
a ratio of at least 100 to 95, and generally in a much
higher degree.

Tf the relative heights of the crossed and sel-fertilised
plants had been due to mere chance, there would have
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been about as many cases of self-fertilised plants
exceeding the crossed in height by above five per cent.
as of the crossed thus exceeding the self-fertilised ; but
we see that of the latter there are fifty-seven cases, and
of the former only eight cases; so that the cases in
which the crossed plants 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 erossed and self-fertilised plants, it may be said
that in fifty-seven cases the crossed plants exceeded
the self-fertilised by more than five per cent., and that
in twenty-six cases (18+4-8) they did not thus exceed
them. But we shall now show that in several of these
twenty-six cases the 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
serve, to be really equal or superior to the crossed
plants.

‘We will 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. s making altogether twenty-six

: -
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cases in which the crossed plants were not taller than
the self-fertilised plants in any marked degree.

(L) Dianthus caryophyllus (third gmmum.) —This plant was

on during four in three of which the
crossed plants exceeded in height the self- fortlsed generally by
much more than five per cent.; and we have seen under Table
© that tho offspring from the plants of the third self-fertlised
generation crossed by a fresh stock profited in height and fer-
tility to an extraordinary degree. But in this third generation
the crossed plants of the same stock were in height to the self-
fertilised only as 100 to 99, that is, they were practically equal.
Nevertheless, when the eight crossed and eight self-fertilised
plants were cut dosn and weighed, the former were to the latter
in weight as 100 to%9! There can therefore be not the least
doubt that the crossed plants of this species are greatly superior
in vigour and luxuriance to the self-fertilised ; and what was the
canse of the self-fertilised plants of the third generation, though
50 light and thin, growing up so as almost to equal the crossed
in height, T cannot explain.

(2.) Lobelia fulgens (first generation).—The crossed plants of
this generation were much inferior in height to the self-fertilised,
in the proportion of 100 to 127. Although only two pairs were
measured, which is obviously much too few to be trusted,
yet from other evidence given under the head of this species,
it is certain that the self-fertilised plants were very much
more vigorous than the crossed. As T used pollen of unequal
maturity for erossing and self-fertilising the parent-plants, it is
possible that the great difference in the growth of their offspring
may have been due to this cause. In the next generation this
source of error was avoided, and many more plants were raised,
and now the average height of the twenty-three crossed plants
was to that of the twenty-three self-fertilised plants as 100 to 91.
We can therefore hardly doubt that a cross is beneficial to this
species.

(8.) Petunia. violacea (third generation).—Tight crossed plants
were to eight self-fertilised of the third generation in average
height as 100 to 131; and at an early age the crossed were
inferior even in a still higher degree. But it is a remarkable
fact that in one pot in which plants of both lots grew extremely
crowded, the crossed were thrice as tall as the self-fertilised. As
in the two preceding and two succeeding generations, as well as
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with plants raised by a cross with a fresh stock, the crossed
greatly exceeded the self-fertilised in height, weight, and fertility
(when these 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 sceds from which
the self-fertilised plants of the third generation were raised
were not well ripened; for I have observed an analogous case
with Tberis. ~Self-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 better matured seeds; so that having
thus once got a great start they were enabled ever afterwards to
retain 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 organie matter; and now the
young seedlings grew during their short life. to double
the height of the self-fertilised, in the same manner as

with the above two sets of scedlings of Petunia which were much
crowded and thus exposed to very unfavonrable conditions. We
bave seen also in the eighth generation of Ipomeea that self-
fertilised seedlings raised from unhealthy parents grew at first
very much more quickly than the crossed seedlings, so that they
were for a long time much taller, though ultimately beaten by
them.

(4, 5, 6 Esclscholtzia 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, so that this is not
one of the exceptions here to be considered. In two other
cases the crossed equalled the self-fertilised in height within five
per cent.; andin the fourth ease the self-fertilised exceeded the
crossed by above this limit.  We have seen in Table C that the
whole advantage of a cross by a fresh stock is confined to ferti-
lity, and so it was with the intererossed plants of the same stock
compared with the self-fertilised, for the former were in fortility
fo the latter as 100 to 89. The intercrossed plants thus have 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 self-fertilised; the flowers in this latter case being often
quite sterile. We may therefore concludo that a cross 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 thut of the fifteen self-fertilised plants was only
25 100 to 97 ; but the former produced many more capsules than
the latter, in the ratio of 100 to 77. Moreover, the flowers on the

t-plants which d and sclf-fertilised, yielded seeds
on one oceasion in the proportion of 100 to 38, and on o second
occasion in the proportion of 100 to 58. So that there can be
o doubt about the beneficial effects of a cross, although the
mean height of the crossed plants was only three per cent. above
that of the self-fertilised plants.

(8) Specularia speculuni—Only the four tallest of the crossed
and the four tallest of the self-fertilised plants, growing in four
pots, were measured ; and the former were to the latter in height
25100 to 98. In all four pots a crossed plant flowered before
any one of the self-fertilised plants, and this is usually a safe
indication of some real superiority in the crossed plants. The
flowers on the parent-plants which were erossed with pollen from
another plant yiclded seeds compared with the self-fertilised
flowers in the Tatio of 100 to 72 We may therefore draw the
same conclusion as in the last case with respect to a cross being
decidedly beneficial.

(9. Jorago oficinalis—Only four crossed and four self-
fertilised plants were raised and measured, and the former were
to the latter in height as 100 to 102. So small a number of
‘measurements ought never to be 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 to an uuusual height. All four crossed plants
flowered before their self-fertilised opponents. The eross-
fertilised flowers on the parent-plants in comparison with the
self-fertilised flowers yielded seeds in the proportion of 100 to 60.
So that here again we may draw the same conclusion as in the
two last cases.

(10) Passifiora gracilis—Only two crossed and two self-
fertilised plants were raised ; and the former were to the latter in
height as 100 to 104, On the other hand, fruits from the cross-
fertilised flowers on the parent-plants contained seeds innumber,
compared with those from the self-fertilised flowers, in the pro-
‘portion of 100 to 85.

(11) Phaseolus multiflorus—The five crossed plants were 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 flowered in both pots before them. Tt is
therefore probabie that they had some real advantage over the
self-fertilised plants.

(12.) Adonis astivalis—The four crossed plants were almost
exactly equal in height to the four self-fertilised plants, but as
50 few plants were measured, and as these were all “ miserably
unhealthy,” nothing can be inferred with safety with respect to
their relative heights.

(13.) Bartonia aurea—The eight crossed plants were to the
eight self-fertilised in height as 100 to 107. This number of
plants, considering the care with which they were raised and
compared, ought to have given a trustworthy result. But from
some unknown cause they grew very unequally, and they be-
came so unhealthy that only three of the crossed and three
of the self-fertilised plants set any seeds, and these few in
number. - Under these eireumstances the mean height of neither
lot ean be trusted, and the experiment is valueless. The cross-
fertilised flowers on the parent-plants yielded rather more seeds
than the self-fertilised flowers.

(14) Thunbergia alata.—The six crossed plants were to the
six self-fertilised in height as 100 to 108. Here the self-fertilised
plants seem to have a decided advantage; but both lots grew
unequally, some of the plants in both being more than twice as
tall as others. The parent-plants also were in an odd semi-
sterile condition, Under theso cireumstances the superiority of
the self-fertilised plants cannot be fully trusted.

(15.) Nolana prostrata.—The five crossed plants were to the five
self-fertilised in height as 100 to 105; so that the latter seem
here to have a small but decided advantage. On the other hand,
the flowers on the parent-plants which were cross-fertilised
produced very many more capsules than the self-fertilised 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 §2.

(16.) Hibiscus africanus—Only four pairs were raised, and the
crossed were to the self-fertilised in height as 100 to 109,
Excepting that too few plants were measured, I know of nothing
else to cause distrust in the result. The cross-fertilised
flowers on the parent-plants were, on the other hand, rather
more productive than the self-fertilised flowers.

(17.) Apium_petroselinum.—A few plants (number not re-
corded) derived from flowers believed to have been crossed by
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insects and a few self-fertilised plants were grown on the opposite
sides of four pots. They attained to a nearly equal height, the
crossed having a very slight advantage.

(18) Vandellia nummularifolia —Twenty crossed plants raised
from the seeds of perfect flowers were to twenty self-fertilised
plants, likewise raised from the seeds of perfect flowers, in height
as 100 to 99. The experiment was repeated, with the sole
difference that the plants were allowed to grow more crowded;
and now the twenty-four tallest of the crossed plants were to
the twenty-four tallest self-fertilised plants in height as 100 to
94, and in weight as 100 to 97. Moreover, a larger number of the
crossed than of the self-fertilised plants grew to a moderate
height. The above-mentioned twenty crossed plants were also
grown in competition with twenty self-fertilised plants raised
from the closed or cleistogene flowers, and their heights were 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 erossed plants exceed the self-fertilised by above five
per cent. On the other hand, the crossed plants in the second
trial bore fewer capsules, and these contained fewer sceds, than
did the self-fertilised plants, all the capsules having been
produced by cleistogene flowers. The whole case therefore must
be left doubtful.

(19.) Pisum sativum (common pea).—Four plants derived from
a cross between individuals of the same variety were in height
to four self-fertilised plants belonging to the same variety as 100
to 115, Although this cross did no good, we have seen under
Table C that a cross between distinet varieties adds greatly to
the height and 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 o their having been
self-fertilised for many gemerations, and in each generation
grown under nearly similar conditions.

(20, 21, 22.) Canna warscewiczi—Plants belonging to three
generations were observed, and in all of three the crossed were
approximately equal to the self-fertilised ; the average height of
the thirty-four crossed plants being to that of the same number
of self-fertilised plants as 100 to 101. Therefore the crossed
plants had no advantage over the self-fertilised ; and it is pro-
bable that the same explanation here holds good as in the case
of Pisum sativum; for the flowers of this Canna ave perfectly
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self-fertile, aud were never seen to be visited by insects in the
hothouse, 50 as to be crossed by them. This plant, moreover,
has been cultivated under glass for soveral generations in pots,
and therefore under nearly uniform conditions. The capsules
produced by the cross-fertilised flowers on the above thirty-four
crossed plants contained more seeds than did the capsules
produced by the self-fertilised flowers on the self-fertilised plants,
in the proportion of 100 to 85; 50 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 selt-fertilised plants; bt the former
with rare exceptions flowercd before the latter. I have shown
in my paper on dimorphic plants that this species is commonly
raised in England from self-fertilised seed, 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, so as to become in a greater or
less degree equal-styled, and in consequence highly self-fertile.
Therefore I believe that the causo of the crossed plants mot
exceeding in height the self-fertilised is the same as in the two
‘previous cases of Pisum sativum and Canna.

(24,5, 26.) Nicotiana tabacum.—Four sets of measurements
were made; in one, the self-fertilised plants greatly exceeded in
height the erossed, in two others they were approximately equal
to the crossed, and in the fourth were beaten by them ; but this
latter case 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, the twenty-seven crossed
plants were in height to the twenty-seven self-fertilised plants as
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, 50 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 mearly the same
diti for many i 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 onme in question, or they
showed their superiority in some different manner, as
in weight, fertility, or in flowering first; or again, the
cross-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 to, the want of any advantage on the crossed
side is far from cerfain: 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 heayier 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 twelve cases), a cross between two plants
certainly did no good or very little good to the off-
spring ; but we have reason to believe that this is the
result of these plants having been self-fertilised and
cultivated under nearly uniform conditions for several
generations. The same result followed with the experi-
mental plants of Ipomeea and Mimulus, and to a certain
extent with some other species, which had been inten-
tionally treated by me in this manner; yet we know that
these species in their normal condition profit greatly by
being intercrossed. There is, therefore, not a single
case in Table A which affords decisive evidence against
the rule that a cross between plsn'.s tho progenitors of
wluch have been subj

is 1 ial to the ffispri This is a
surprising conclusion, for from the analogy of domesti-
cated animals it could not have been anticipated, that
the good effects of crossing or the evil effects of self-
fertilisation would have been perceptible until the
plants had been thus 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 Ipomeea 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
calculate the average of the average heights of the
crossed and self-fertilised plants of all the species
included in Table A. It 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 fesult 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 1003 so that the crossed and self-fertilised plants
are approximately equal; and of such species there
are twelve about which nothing need be said, the
mean of the mean heights of the self-fertilised being
of course very nearly 100, or exactly 99-58. The
second group consists of the species, thirty-seven in
number, of which the mean heights of the crossed
plants exceed that of the self-fertilised plants by
more than five per cent.; and the mean of their
mean heights is to that of the self-fertilised plants
as 100 to 78.  The third group consists of the species,
only five in number, of which the mean heights of
the self-fertilised plants exceed that of the crossed by
more than five per cent.; and here the mean of the
mean heights of the crossed plants is to that of the
self-fertilised as 100 to 109. Therefore if we exclude
the species which are approximately equal, there are
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thirty-seven species in which the mean of the mean
heights of the crossed plants exceeds that of the self-
fertilised by twenty-two per cent.; whereas there are
only five species in which the mean of the mean heights
of the self-fertilised plants exceeds that of the 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 belonging to differ-
ent varieties, in both of which cases they would almost
certainly differ hat in
by a comparison of the Tables A and €. The latter
table gives the results of crossing plants with a fresh
stock or with a distinct variety ; and the superiority of
the crossed offspring over the self-fertilised is here
much more general and much more strongly marked
than in Table A, in which plants of the same stock
were crossed.  We have just seen that the mean of the
mean heights of the crossed plants of the whole 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.

TasLe B.

A few words must be added on the weights of
the crossed plants of the same stock, in eom]nnson
with the self-fertilised. Eleven cases are given in
Table B, relating to eight species. The number of
plants which were weighed is shown in the two left
columns, and their relative weights in the right
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column, that of the crossed plants being taken as
100. A few other cases have already been recorded
in Table C in reference to plants crossed by a fresh
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 crossed in weight ; and
we have already scen 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-
togene flowers on the self-fertilised plants than by
those on the crossed plants, the case must be left, as
remarked under Table A, altogether doubtful. The
crossed and self-fertilised offspring from a partially
self-sterile plant of Reseda odorata were almost equal
in weight, though not in height. In the remaining
eight cases, the crossed plants show a wonderful
superiority over the self-fertilised, being more than
double their weight, except in one case, and here
the ratio is as 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 3
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.

@ The Complete Work of Charles Darwin Online




Cuar. VIIL CONSTITUTIONAL VIGOUR. 285

CHAPTER VIIL

DIFFERENCE BETWEEN CROSSED AND SELF-FERTILISED PLANTS 1IN
CoNsTITUTIONAL VIGOUR AND IN OTHER RESPECTS.

Greater constitutional vigour of crossed plants—The effects of great
crowding—Competition with other kinds of plants—Self-fertilised
plants moro linblo to promature death—Crossed plants gencrally
flower before the self-fertilised —Negative effects of i
flowers on the sume plant—Cases deseribed—Transmission of the
good effects 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 Vigowr 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 same pots, they had to compete
with one another ; and the greater height, weight, and
fertility of the crossed plants may be attributed to
their possessing greater innate constitutional vigour.
Generally the plants of the two lots whilst very young
were of equal height; but afterwards the crossed
gained insensibly on their opponents, and this shows
that they possessed some inherent superiority, though
not displayed at a very early period of life. There
were, however, some conspicuous exceptions to the
rule of the two lots being at first equal in height ; thus
the crossed seedlings of the broom (Sarothamnus
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-
color, which ultimately quite overwhelmed the self-
fertilised. But that the crossed plants have an inherent
superiority, independently of competition, was some-
times well shown when both lots were planted
separately, not far distant from one another, in good
soil in the open ground. This was likewise shown in
several cases, even with plants growing in close compe-
tition with one another, by one of the self-fertilised
plants exceeding for a time its crossed opponent, which
had been injured by some accident or was at first
sickly, but being ultimately conquered by it. The
plants of the eighth generation of Tpomeea 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 fect high the two lots were very nearly
equal, but ultimately when between eight and nine feet
in height, the crossed plants asserted their nsual
superiority, and were to the self-fertilised in height as
100 to 85.

The constitutional superiority of the crossed over the
self-fertilised plants was proved in another way in the
third generation of Mimulus, by self-fertilised seeds
being sown on one side of a pot, and after a certain
interval of time crossed seeds on the opposite side. The
self-fertilised seedlings thus had (for I ascertained that
the seeds germinated simultaneously) a clear advantage
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over the crossed in the start for the race. Nevertheless
they were easily beaten (as may be seen under the
head of Mimulus) when the crossed seeds were sown
two whole days after the self-fertilised. But when the
interval was four days, the two lots were nearly equal
throughout life. Even in this latter case the crossed
plants still possessed an inherent advantage, for after
both lots had grown to their full height they were
cut down, and without being disturbed were transferred
to a larger pot, and when in the ensuing year they
had again grown to their full height they were
measured ; and now the tallest crossed plants were to
the tallest self-fertilised plants in height as 100 to 75,
and in fertility (i.e, by weight of seeds produced by an
equal number of capsules from both lots) as 100 to 34.

My usual method of proceeding, namely, to plant
several pairs of crossed and self-fertilised seeds in an
equal state of germination on the opposite sides of the
same pots, so that the plants were subjected to
moderately severe mutual competition, was I think
the best that could have 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 Ipomea 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-
fertilised.
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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 competition and ble 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 fully
grown, several of the tallest plants in each row were
selected, measured, and compared. The result was
in several cases (but not so invariably as might have
been expected) that the erossed 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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grew 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 erossed 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 a
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 unfavourable
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 case was observed on two other occasions
with plants of the first generation of Nicotiana.

The crossed plants always withstood the injurious
effects of being suddenly removed into the open air
after having been kept in the greenhouse better than
did the self-fertilised. On several occasions they also
resisted much better cold and intemperate weather.
This was manifestly the case with some crossed and
self-fertilised plants of Ipomaea, 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 erossed and
self-fertilised plants of Viola fricolor. Even the tips
of the shoots of the crossed plants of Sarothamnus

U
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scoparius were not touched by a very severe winter ;
whereas all the self-fertilised plants were killed half-
way down to the ground, so that they were not able to
flower during the next summer. Young crossed
seedlings of Nicotiana withstood a cold and wet
summer much better than the self-fertilised seedlings.
I have met with only one exception to the rule of
crossed plants being hardier than the self-fertilised :
three long rows of Eschscholtzia plants, 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 vulgaris, however, it is certain that a large number
of the self-fertilised seeds perished after germinating
beneath the ground, whereas the crossed seeds sown at
the same time did not thus suffer. When a plant
died at a somewhat more advanced age the fact was
recorded ; and 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 number of exceptionally small
plants ;" and the frequent presence of such puny plants
no 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.—Tn some cases, as with Digitalis,
Dianthus, and Reseda, a larger number of the crossed
than of the self-fertilised plants threw up flower-stems ;
but this probably was merely the result of their greater
power of growth; for in the first generation of Lobelia
fulgens, in which the self-fertilised plants greatly 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. I will now give three lists,—one of the species
in which the first plant that flowered was a crossed
one,—a second in which the first that flowered was a
self-fertilised plant,—and a third of those which
flowered at the same time.

Species, of which the first Plants that flowered were

of Crossed Parentage.

Ipomaa purpurea.—TI record in my notes that in all ten genera-
tions many of the erossed plants flowered before the self-
fertilised ; but no details were kept.

u2
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Mimulus luteus (Fivst Generation).—Ten flowers on the crossed
plants were fally expanded before one on the self-fertilised.

Mimulus luteus (Second and Third Generation).—In both these
generations a crossed plant flowered before one of the self-
fertilised in all three pots.

Mimulus luteus (Fifth Generation)—In all three pots a crossed
plant flowered first; yet the self-fertilised plants, which
belonged to the new tall variety, were in height to the
crossed as 126 to 100.

Aimulus luteus—Plants derived from a cross with a fresh stock,
as well as the intercrossed plants of the old stock, flowered
before the self-fertilised plants in nine out of the ten pots.

Salvia coccinea.—A crossed plant flowered before any one of the
self-fertilised in all three pots.

Origanum vulgare—Durmg two successive seasons several
crossed plants flowered before the self-fertilised.

Brassica oleruces (First Generation)—All the crossed plants
growing in pots and in the open ground flowered first.

Brassica. oleracea (Second Generation).—A crossed plant in
three out, of the four pots flowered before any one of the
self-fertilised.

Iberis umbellata.—In both pots a crossed plant flowered first.

Esclscloltziacalifornica—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
tlowered first; and not in one pot did an intercrossed plant
of the old stock flower first.

Viola tricolor—A crossed plant in five out of the six pots
flowered before any one of the self-fertilised.

Diauthus caryophyllus (First Generation).—In two large beds
of plants, four of the crossed plants flowered before any one
of the self-fertilised.

Dianthus caryophyllus (Second Generation)—In both pots a.
crossed plant flowered first,

Dianthus - caryophylius (Third Generation)—In three out of
the four pots a crossed plant flowered first; yet the crossed
were to the self-fertilised in height only as 100 to 99, but in
weight as 100 to 49,

Diantlus caryoplyllus—Plants derived from a cross with a fresh
stock, and the intercrossed plants of the old stock, both.
flowered before the self-fertilised in nine out of the ten pots.

Hibiscus africunus—In three out of the four pots a crossed
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plant flowered before any one of the self-fertilised ; yot. the
Intter were to the crossed in height as 109 to 100.

Tropaolum minns.—A crossed plant flowered before any one of
the self-fertilised in threo out of the four pots, and simul-
taneously in the fourth pot.

Limnanthes donglasii—A crossed plant flowered befom any one
of the self-fertilised in four out of the five po

Phawnlm multitorus—In both pots a e pmm flowered

S’m'uluna speculum.—Tn all four pots a crossed plant flowered

].obc[u ramosa (First Generation).—In all four pots a crossed
plant flowered before any one of the self-fertilised.

Lobelia ramosa (Second Generation).—TIn all four pots a crossed
plant flowered some days before any ome of the self-
fertilised

Nemophila insignis.—In four out of the five pots a crossed plant
flowered first.

Borago officinalis.—In both pots a-crossed plant flowered first.

Petunia_vidlacea (Second Generation).—In all three pots a
crossed plant flowered first.

Nicotiana tabacnn.—A plant derived from a cross with a fresh
stock flowered before any one of the self-fertilised plants of
the fourth generation, in fifteen out of the sixteen pots,

Cyelamen persicum.—During two successive seasons a crossed
plant flowered some weeks before any one of the self-fertilised
in all four pots.

Primula veris (equal-styled var.).—In all three pots a crossed
plant flowered first.

Primula_sinensis—In all four pots plants derived from an
illegitimate cross between distinet plants flowered before
any one of the self-fertilised plants.

Primula sinensis.—A legitimately crossed plant flowered before
any one of the self-fertilised plants in seven out of the eight

pots.

Fugopyrum esculentum—A legitimately erossed plant fowered
from one to two days before any one of the self-fertilised
plants in all three pots.

Zea mays—Tn all four pots a crossed plant flowered first.

Phaaris canariensis—The crossed plants flowered before the
self-fertilised in the open ground, but simultaneously in the
pots.
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Species, of which the first Plants that flowered were of
Self-fertilised Parentage.

Eschscloltzia californica (First Generation)—The crossed plants
were at first taller than the self-fertilised, but on theirsecond
growth during the following year the self-fertilised excoeded
the erossed in height, and now they flowered first in_ three
out of the four pots.

ZLupinus luteus—Although the crossed plants were to the self-
fertilised in height as 100 to 82; yet in all three pots the
self-furtilised plants flowered first.

Clarkia degans—Although the crossed plants were, as in the

st ease, 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 before the crossed.

Petunia violacea (Third Generation).—The crossed plants were
to the self-fertilised in height as 100 to 131, and in three
out of the four pots a self-fertilised plant flowered first; in
the fourth pot simultancously.

Petunia violaces (Fourth Generation)—Although the crossed
plants were to the self-fertilised in height as 100 to 69, yet
in three out of the five pots a self-fertilised plant fowered
first; in the fourth pot simultancously, and only in the fifth
did aerossed plant flower first.

Nicotiuna_tabacum (First Generation)—The crossed plants
were to the self-fertilised in height only as 100 to 178, and
a self-fertilised plant flowered first in all four pots.

Nieotinna_tabacum (Third Generation)—The crossed plants
were to the self-fertilised in height as 100 to 101, and in
four out of the five pots a self-fertilised plant flowered first.

Canna warscewiczi—Tn the three generations taken together the
crossed were to the self-fertilised in height as 100 to 101; in
the first generation the self-fertilised plants showed some
tendency to flower first, and in the third generation they
flowered first in nine out of the twelve pots.

Species in which the Crossed and Self-fertilised Plants
flowered almost simultaneously.
Mimulus Tuteus (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- (ermmd plants flower
first, and in the other half the crossed plan

Visearia. oculutr. —The crossed plants were nnly a little taller
than the self-fertilised (viz., as 100 to 97), but con-
siderably more fertile, yet both lots flowered almost
simultancously.

ZLathyrus odoratus (Second Generation).—Althongh the crossed
plants were to the self-fertilised in height as 100 toS8, yet
there was no marked difference in their period of flowering.

Lobelic fulgens (Second Generation).—Although the crossed
plants were to the self-fertilised in height as 100 to 91, yet
they flowered simultancously.

Nicotiuna 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 erossed 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 Cyclamen, in
which the crossed plants flowered some weeks before
the self-fertilised in all four pots during two seasons.
In the second generation of Lobelia ramosa, a crossed
plant flowered in all four pots some days before any
one of the self-fertilised. Plants derived from a
cross with a fresh stock generally showed a very
strongly marked tendency to flower before the self-
fertilised and the intercrossed plants of the old stock ;
all three lots growing in the same pots. Thus with
Mimulus and Dianthus, in only one pot out of ten, and
in Nicotiana in only one pot out of sixteen, did a self-
fertilised plant flower before the plants of the two crossed
kinds,—these latter flowering almost 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 Clarlia 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 genérations of Canna, the
crossed and self-fertilised plants were 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
self-fertilised parentage, of the sixth generation of
Mimulus luteus were intercrossed, and other flowers on
the same plants were fertilised with their own pollen ;
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intercrossed seedlings and seedlings of the seventh
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 Ipomaa 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 Effects of crossing 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
somewhat in constitution, or on the progenitors of the
plants mlmh are crossed, though 1dent|cs.l in every
external character, having been subj
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.* In opposition to
this conclusion is the fact that a bud is in one sense
a distinet individual, and is eapable of occasionally or
even not rarely assuming new external characters, as
well as new constitutional peculiarities. Plants raised
from buds which have thus varied may be propagated
for a great length of time by grafts, cuttings, &e., and
sometimes even by seminal generation.t There exist
also numerous species in which the flowers on the
same plant differ from one another,—as in the sexual
organs of monecious and polygamous plants,—in the
structure of the circumferential flowers in many Com-
posite, Umbelliferse, &e.,—in the structure of the
central flower in some plants,—in the two kinds of
flowers produced by cleistogene species, —and in
several other such cases. 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, howover, possible that
the stamens which differ in length
o construction in the sume flower
may produce pollen differing in
nature, and in this manner a eross
might be made effective between
the several flowcrs on the same
plant.  Mr. Macnab states (in_a
communication to M. Verlot, * La
Production des_Variétés,’ 1865,
p. 42) that seedlings ised from
the shorter and longer‘stamens of
rhododendron differ in charncter;
bt the shorter stumens sppe-
reutly are beeoming rudimentary,
i tho. lec«llmxx- are dwar, 16
that the result mply due
5 want of fertliing puwer in
the pollen, as in the cuse of the
dwarfed plants of Mirabilis raised
by Naudin by the use of foo few
pollen-graivs,  Analogous state-

ments have been made with re-
spect to_the stamens of Pelargo-
ninm.  With some of the Mela-
stomncee, socdlings raised by me
from flowers fertilised by pollen
from the shorter stamens, cer-
tainly differed in nppearance from
those raised from the longer sta-
mens, with differently coloured
anthers ; but here, again, there js
some reason for believing that the
shorter stamens are tending to-
wards abortion. In the very dif-
ferent case of trimorphic Litero-
styled plants, the two sets of
mens in_the same flower have
widely difterent fertilising powers,
T have given numerous cases
ariations in my * Va-
riation of Animals and Plunts un-
der Dowmestication,” chap. xi. 2ud
edit. vol. i
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like those on distinct plants during the develop-
ment of species.

It was therefore necessary to ascertain by experiment
what would be the effect of intercrossing flowers on
the same plant, in comparison with fertilising them
with their own 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 distinct plants.
In the chapter on Fertility, when we consider the
effects of fe 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 erowded,
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 78. 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-ferti-
lised plants, as 100 to 92. Thus the intercrossed
plants were certainly superior to the self-fertilised in
some degree; but their superiority was small compared
with that of the offspring from a cross between distinet
plants over the self-fertilised, this being in the ratio
of 100 to 70 in height. Nor does this latter ratio
show at all fairly the great 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 a cross between flowers on the same plants
were grown in ten pots in competition with the same
number of self-fertilised plants, and the former were
to the latter in height as 100 to 105. So that the
self-fertilised plants were a little taller than the inter-
crossed ; and in eight out of the ten pots a self-fertilised
plant flowered before any one of the crossed plants in.
the same pots. The plants which were not greatly
crowded in nine of the pots (and these offer the fairest
standard of comparison) were cut down and weighed ;
and the weight of the twenty-seven intercrossed plants
was to that of the twenty-seven 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, I shall have to recur in a future chapter. If we
now turn to the offspring from a cross between
distinet plants when put into competition with self-
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fertilised plants, we find that the mean height of
seventy-three such crossed plants, in the course of ten
generations, was to that of the same number of
self-fertilised plants as 100 to 77; and in the case of
the plants of the tenth generation in weight as 100 to
44. Thus the contrast between the effects of crossing
flowers on the same plant, and of crossing flowers on
distinet plants, is wonderfully great.

(3.) Mimulus luteus—Twenty-two plants raised by
crossing flowers on the same plant were grown in
competition with the same number of self-fertilised
plants ; and the former were to the latter in height as
100 to 105, and in weight as 100 to-103. Moreover, in
seven out of the eight pots a self-fertilised plant
flowered before any of the intercrossed plants. So that
here again the self-fertilised exhibit a slight superiority
over the intercrossed plants. For the sake of com-
parison, I may add that seedlings raised during three
generations from a cross between distinct plants were
to the self-fertilised plants in height as 100 to 65.

(4) Peargonium 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 erossed with pollen
taken from a distinet seedling, and other flowers were
self-fertilised, the crossed offspring thus obtained were
to the self-fertilised in height as 100 to 74.

(5.) Origanum vulgare—A plant which had been
long cultivated in my kitchen garden, had spread by
stolons so as to form a large bed or clump. Seedlings
raised by intercrossing flowers on these plants, which
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strictly consisted of the same plant, and other seedlings
raised from self-fertilised flowers, were 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 distinct seedling, and
other flowers were self-fertilised ; two fresh lots of
seedlings being thus raised, which were the grand-
children of the plant that had spread by stolons and
formed a large clump in my garden. These differed
much in height, the crossed plants being to the
self-fertilised as 100 to 86. They differed, also, to a
wonderful degree in constitutional vigour. The erossed
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 same plant growing on
separate roots, as with the Pelargonium and Origa-
num) does not differ from that of the strictest self-
fertilisation. Indeed, in two of the cases the self-fer-
tilised plants were superior to such intercrossed plants.
‘With Digitalis a cross between the flowers on the same
plant certainly did do some good, yet very slight
compared with that from a cross between distinet
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 occasionally vary inde-
pendently of one another, agree well with our general
conclusion, that the advantages of a cross depend on
the progenitors of the crossed plants possessing some-
what different constitutions, either from having been -
exposed to different conditions, or to their having
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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 i
the cross-fertilisation of flowers.

On the Transmission of the good Effects from a Cross
and of the evill Effects from Self-fertilisation.—We have

" seen that seedlings from a cross between distinct 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 erossed and the
self-fertilised again self-fertilised.

Firstly, seedlings were raised from self-fertilised
seeds produced under a net by crossed and self-fer-
tilised plants of Nemophila insignis; and the latter
were to the former in height as 133 to 100. But these
seedlings became very unhealthy early in life, and
grew so unequally that some of them in both lots were
five times as tall as the others. Therefore this experi-
ment was quite worthless; but I have felt bound to
give it, as opposed to my general conclusion. T should
state that in this and the two following trials, both sets
of plants were grown on the opposite sides of the same
pots, and treated in all respects alike. The details of
the experiments may be found under the head of each
species. E

Secondly, a crossed and a self-fertilised plant of
Heartsease (Viola tricolor) grew near together in the
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open ground and near to other plants of heartseases
and as both produced an abundance of very fine cap-
sules, the flowers on both were certainly cross-fertilised
by insects. Seeds were collected from both plants, and
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 as 100 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 crossed 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 allowed to fertilise themselves under a net, and
their self-fertilised seeds saved. The seedlings thus
raised were grown in competition with each other in the
usual manner, and differed in their powers of growth.
Those from the self-fertilised plants which had been
erossed 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
lots of seeds were likewise tried by being sown under
very bl ditions in poor exk 'sui],and
the plants whose d and great-
had been crossed showed in an unmlstakable mﬂnne\‘
their superior constitutional vigour. In this case, as
in that of the heartsease, there could be no doubt that
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the advantage derived from a cross between two plants
was not confined to the offspring of the first generation.
That constitutional vigour due to cross-parentage is
transmitted for many generations may also be inferred
as highly probable, from some of Andrew Knight's
varieties of the common pea, which were raised by
crossing distinet varieties, after which time they no
doubt fertilised themselves in each succeeding gene-
ration. These varieties lasted for upwards of sixty
years, “but their glory is now departed.”* On the
other hand, most of the varieties of the common pea,
which there is no reason to suppose owe their origin
to a cross, have had a much shorter existence. Some
also of Mr. Laxton’s varieties produced by artificial
crosses have remmed their astonishing vigour and

for a ble number of g g
but as Mr. Laxton informs me, his expenence does
not extend beyond twelve generations, within which
period he has never perceived any diminution of vigour
in his plants.

An allied point may be here noticed. As the force
of inheritance is strong with plants (of which abundant
evidence could be given), it isalmost certain that seed-
lings from the same capsule or from the same plant
would tend to inherit nearly the same constitution ; and
as the advantage from a cross depends on the plants
which are crossed differing somewhat in constitution,
it may be inferred as probable that under similar con-
ditions a cross between the nearest relations would
not benefit the offspring so much as one between non-
related plants. In support of this conclusion we have
some evidence, as Fritz Miller has shown by his

* Seo theevidenceon this head tication,” chap. ix. vol. i. 2nd edit.
in my * Variation under Domes- . 807,
: 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 being
closely related they had little power of fertilising one
another.}

Lastly, the fact of the intercrossed plants in
Table A not exceeding in height the self-fertilised
plants in a greater and greater degree in the later
generations, is probably the result of their 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 of my experi , the
parent-plants of Mimulus luteus, Ipomeea purpurea,
Dianthus caryophyllus, and Petunia violacea, raised
from purchased seeds, varied greatly in the colour

* (chap. xvii. 2nd
) of hybrids of

tschrift_fiir
g, p. 22 and 4,

Natur
1872 ; and 1873, pp. 441-450,
“Iiot. Zeitung,” 1868, p. 626.
1 Some remarknble cases are
given in my ‘Variation unler

s s, any one of
which could be fertilised by pollen
from any other, but not hy its
own pollen.
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of their flowers. This occurs with many plants which
have been long cultivated as an ornament for the
flower-garden, and which have been propagated by
seeds. The colour of the flowers was a point to which
I did not at first in the least attend, and no selection
whatever was practised. Nevertheless, the flowers
produced by the self-fertilised plants of the above
four species became absolutely uniform in tint, or very
nearly so, after they had been grown for some gene-
rations under closely similar conditions. The inter-
crossed plants, which were more or less closely
inter-related in the later generations, and which had
been likewise cultivated all the time under similar
conditions, became more uniform in the colour of
their flowers than were the original parent-plants, but
much less so than the self-fertilised plants. When
self-fertilised plants of one of the later generations
were crossed with a fresh stock, and seedlings thus
raised, these presented a wonderful contrast in the
diversified tints of their flowers compared with those of
the self-fertilised seedlings. As such cases of flowers
becoming uniformly coloured without any aid from
selection seem to me curious, I will give a full
abstract of my observations.

Mimulus luteus.—A tall variety, bearing large, almost
white flowers blotched with erimson, 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

di ion, it mever prevailed amongst
X2

8
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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 crimson blotehes were not of exactly the same
shape, or in exactly the same position. Both my
gurdener and myseif believe that this variety did
not appear amongst the parent-plants, raised from pur-
chased seeds, but from its appearance amongst both the
crossed and self-fertilised plants of the third and fourth
generations ; and from what 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

5% i i variety, remarkable for its
colouring, largeness of the corolla, and increased
height of the whole plant, prevailed in the sixth and
all the succeeding self-fertilised generations to the
completo exclusion of every other variety.

Ipomeea 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 suc.
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
seeds. This dark purple variety did not appear, as
far as my gardener and myself could recollect, before
the fifth or sixth self-fertilised generation. However
this may have been, it became, through continued
self-fertilisation and the cultivation of the plants
under uniform conditions, perfectly constant, to the
exclusion of every other variety.

Dianthus caryophyllus.—The self-fertilised plants of
the third generation all bore flowers of exactly the
same pale rose-colour; and in this respect they differed
quite remarkably from the plants growing in a large
bed close by and raised from seeds purchased from the
same nursery garden. In this case it is not improbable
that some of the parent-plants which were first self-
fertilised may have borne flowers thus coloured ; but
as several plants were self-fertilised in the first genera-
tion, it is extremely improbable that all bore flowers
of exactly the same tint as those of the self-fertilised
plants of the third generation. The intercrossed plants
of the third generation likewise produced flowers
almost, though not quite so uniform in tint as those
of the self-fertilised plants.

Petunia violacea.—1In this case T happened to record
in my notes that the flowers on the parent-plant which
was first self-fertilised were of a “dingy purple colour.”
In the fifth self-fertilised generation, every one of the
twenty-one self-fertilised plants growing in pots, and
all the many plants in a long row out of doors,
produced flowers of absolutely the same tint, namely,
of a dull, rather peculiar and ugly flesh colour; there-
fore, considerably unlike those on the parent-plant. I
believe that this change of colour supervened quite
gradually ; but I kept no record, as the point did not
interest me until I was struck with the uniform tint

© The Complete Work of Charles Darwin Online



310 UNIFORM COLOUR OF THE FLOWERS Cuar. VIIL

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 self-fertilised plants, some few being very pale,
almost white. The self-fertilised plants which grew in
a long row in the open ground were also remarkable for
their uniformity in height, as were the intercrossed
plants in a less 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. T 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 is 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, fistly, to their being subjected to somewhat
diversified conditions, and, secondly, to their being
often inter-crossed, as would follow from the free access
of inseets. I do not see how this inference can be
avoided, as when the above plants were cultivated
for several generations under closely similar conditions,
and were intercrossed in each generation, the colour
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of their flowers tended in some degree to change and to
become uniform. 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, &ec., 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, &e., 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.

Tie Ervects oF CROSS-FERTILISATION AND SELF-FERTILISATION ON
THE PRODUCTION OF SEEDS.

Fertility of plants of erossed and self-fertilised parentaze, both lots
being fertilised in the same manner—Fertility of the parent-plants
when first crossed and self-fertilised, and of fheir crossed and self-
fertilived offspring when again crossel and self-fortilis-d—Com-
parison of the fertility of flowers fertilised with their own pollen
and with that from other flowers on the same plant—Self-sterile
plants—Causes of sel”sterility—The appearance of highly self-

fertile varicties—Self-fertilisation apparently in some respects bene-

ficial, independently of the assurcd production of seeds—Relative

veights and rates of germiuation of seeds from crossed and self-
fertilised flowers.

Tae 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 distinct plant and
with their own pollen, as shown by the proportional
number of capsules which they produce, together
with the number of the contained seeds. Secondly,
the degree of innate fertility or sterility of the seed-
lings raised from crossed and self-fertilised seeds; such
seedlings being of the same age, grown under the same
conditions, and fertilised in the same manner. These
two branches of the subject correspond with the two
which have to be considered by any one treating of
hybrid plants; namely, in the first place the comparative
productiveness of a 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
plamts——thnt is, of plants raised from crossed and

If-fertili ds—it will be ient here first
to consider their relative fertility. The cases observed
by me are given in the following table, D, in which
plants of crossed and self-fertilised parentage were left
to fertilise themselves, being either 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 seeds per capsule
is a more valuable eriterion of fertility than the
number of capsules produced. This latter circum-
stance depends partly on the size of the plant; and we
know that crossed plants are generally taller and
heavier than the self-fertilised ; but the difference in
this respect is rarely sufficient to account for the
difference in the number of the capsules produced. It
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.
'

TaBLE 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,

IPOMGA PURFUREA—frst generation : seeds per capsule [
on crossed and sel-fertilised plants, not growing much| o0\ g0
crowded, sponmnznus(ly self-fertilised r o net, in("
number

sA—seels por capeule on cromed and
mr fertilised 1v!nnts from the same parents as in the last | o
roving much crowdel, spontasenualy self(| 7%
| e e el b e
Iroxea. pURRUREA—productiveness of the sam 3
Judged by tho aumbe of capules producel,and aversge | 45
number of seeds per capsule . . W
IPOMGEA  PURPUREA—third generation : vt ptr ot
on crosel and et fortlse plants spontaneously sl
fertilised under a net, in number . o
Ironaia. PURRUREA—productiveness of the same ,.mm,:

as judged by number of capruley pl‘odnced and averago
nuiber of seeds per capsule
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TasLe D—continued.

and self-fortilised plants, left uncovered in the
hathmlse, and spnmnmm\y fertilised .

Irouzs rURFULEA_f/th geveraton; seels per cape }\

IPOuEA PUBPUREAninth goneration : mumber of cnpmlcs
on crosed plans to ﬂww G apon s
taneously self-fertilised under a ne B

MIMULUS LUTEUS—an &;unl number of c-.;m.m on pl.mh]\

8th

descended from self-fertilised plants of the
tion crossed by a fresh stock, and on plants
sel-fortlised_generation, hol th sets having been left

o ant spontensotaly Tectilised contained seeds,||

s mnm_pmlurm.»nm oA et s
judged by number of capsules I menge} o
weight of seeds per capsule, . .

VANDELLIA NOUMULARIFOLLA—seeds per cupon
cleistogene flowers on the crossed and e fetieed W
plants, in number . . .

Q000TNEA—crossed. plants, compared with selffer)|
tilised plants, produced flowers, in number

Tnpnus vaBELLATA—plants let uncovered in P

crossed plants of the 3rd generation, compared with |

ppatebimon plants of the 3rd genemlmn, ywl-led mds,i\

innumber . . .

IokRis UMDELLATA—plants from . cruss bebween. two]|
varistien, cmpared with sel-frtled plant f tho ord|
generation, yiclded sceds, by weight

PAPAVER VAGUM—crossed and self- fevulhed l:lan(s leﬂ
uncovered, produced capsules, in num]

ESCHSOHOLTZIA CALIFORNTCA—Brazilian slnck, slansk 1o
uncovered and cross-fertilised by bees; capsules nn’

intercrossed plants of 2nd generation, compared w qm; :

capsules on self-fertilised leata o 2ud genemhon, con-

tained seeds, in num]

Esonscrortzix CAuTUnYlCA—pmducnveness of the same
0 ooty v SF Sl producs, ad
average number of seeds per ca

EscusonorTzia uumn‘uc,\—p!ann left \\ncnveud an
cross-fertilised by bees: capsules on plants derived from
intercrossed plants of 2ud generation of the Bn
stock crossed by English stock, compared with capsules
on_ self-fertilised plnnh of 2ul_ guneraton, conained|
seeds, in number.

lacts ue judgud by oomber of capnles produced, nd

Escsonortzia c\umll\ICAfprm.luchveneu of the same
average number of seeds per capsu
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TaBLE D—continued.

RESEDA 0DORATA—crossed and self-fertilised plants, left
uncovered and cross-fertilised by bees, produced capsles
in number (about) , . , . .

VioLs TRICOLOR—crossed ai s, T
uncovered and crmferhlned by bm, pr\xlnued capales
in number .

as 100 to 100

left moverl n the gv!enhunw, prmlllz:ud ea]mlleu in
num .
ISCARIA 00ULATA—crossed and. self-fertilised plantl, lef
uncovered in the greenhouse, produce | capsules
DIANTUUS CARYOPHYLLUS —plints spantaneously s for
lised under a net; capsules on intercrossed and seli-||
St plans of he B2 Fecerition cantassd sesds
mumuu cmmmn.ws‘p lants lot uncovered and cross-
fert : oMpring from plants sel-etilied
for theee yenecstions and_then crossed by . nier
crossed plant of the sume stock, compared with pllnls
o m 4th selLfertilsed. goneration, produced seds I

i R

|

2

nmmm CAnvoPun.Lm—plnnts left uncovered a
fertilised by insects : offspring from Hante s.u femln

d then o

atof the' 4t elbtoriieed

generation, produced seeds by weight .

TRoPEOLUM Mixvs—rossed and self-fertilised plum Left
ucovered in the greenhous, produced seeds in number

and plants,
loft uncnvend in !mnbnun, y'\uhlced cnp-nles in,
number (about

otorua sy sk A ed plaats of the
2nd_generation, left uncovered in the greenhouse, pro-
duced seeds in number (judged from only a few pods)

Puaseouus xLTIPLOROS—cromed and selffetlised yhnn
left uncovered in the greenhouse, produced
number (about) .

LTHYRUS 0DORATUS —crossed. and self-fertilised plaats of
the 2ud generation, left uncovered in the greenhouse, but
certainly self-fertilised, produced pods in number .

CLARKIA FuGANS—crossed and selffertilsedplants, loft
uncovered in the greenhouse, produced capsules in number|

NEMOPHILA 1NS1GNIS—crossed and_self-fertilised plants,
covered by a net and spontaneously self-fortilised in the
greenhouse, produced capsules in number . s

PETUNIA VIOLACEA—left uncovered and cross-frtilised by
insets : plants of the 5th intercrossed and self-fortilised J

®
-4

enertionsprodued esis,ua jodgud by the weight o n
equal number of capsules . o
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TABLE D—continuel.

PETUNIA VIOLACEA—left uncovered as above: offspring o

|
plants self-fertilised for four generations and then crossed ||
by a fresh stock, compared with plants of the 5th self-b as 100 to 46
ertilised_generation, produced seeds, as judged by thel
weight of an equal number of capsules L . L . .
CYCLAMEN PERSICUM—erossed and self-fortilised plants, left %
uncovered in the greenhouse, produced capsules in numberf| »  »
COLLINA —crossed and self-fertilised plants, left 3
the greenhouse, produced capsules in numberf| »  »
s—left uncovered in open ground and cross.)
fertilised by insects: offspring from plants of the rd
illegitimate generation crossed by a fresh stock, compared 5

with plants of the 4th illegitimate and
generation, produced capsules in number ,

seli-fertilised
Same plants in the following year .

PRIMULA VERIS—(equal-styled var left. uncovered in
open ground and_ cross-fertilised by insects: offspring
from plants self-fertilised for two generations and thent{ . . 15

erossed by another variety, compared with plants of the 3rd|
self-fertilised generation, produced capsules in number
PRIMULA VERIS—(equal-styled var.) same plants;
number of seeds per eapsule s et
ness of the

PROWLA VERIS—(equal-styled var.) produ
¥ numbér of capsules produced

ts, as judged by
and average number of seeds per capsule

)

This table includes thirty-three cases relating to
twenty-three species, and shows the degree of innate
fertility of plants of crossed parentage in comparison
with those of self-fertilised parentage ; 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
cross-fertilised by insects, and so it probably was with
several of the others; but in some of the species, as
with Nemophila, and in some of the trials with Ipomaea
and Dianthus, the plants were covered up, and both
lots were spontaneously self-fertilised. This also was
necessarily the case with the capsules produced by the
cleistogene flowers of Vandellia.
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The fertility of the crossed plants is represented in
the table by 100, and that of the self-fertilised by the
other figures. There are five cases in which the 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 actnally counted, from appearing equal in
number and from all apparently containing a full 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 Primulacewm
seem eminently liable to suffer in fertility from self-
fertilisation.

The following short table, E, includes four cases
which have already been partly given in the last table.

TapLE 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-fetilised Plants, all of the corre-
sponding Generation.  Fertility judged of by the number or
weiglt of seeds produced by an equal number of Plants,

the

same Stock.

Totererossed

Plun
Self-fertilised
Pla

MIMULUS LUTEUS—the intercrossed plants are de-
rived from a cross between two plants of the
8th self-fertilised generation. The self-fortilised
plants belong to the 9th generation . . , .

00 | 4 8

self-fertilised plants belong to the 2nd generation
—the intercrossed plants)

00| 45 | 33

£z

tilised plants belong|
to the 4th generation. . . . . .,

PETUNIA VIOLACEA—the intercrossed and ~clf~fer~}

tilised plants belong to the 5th generation , S A

N.B.—In the above cases, excepting in that of Eschscholtzia, the plants
derived from a cross with a fresh stock belong on the mother-side to the
same stock with the intercrossed and self-fertilised plants, and to the cor-
responding generation.
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These cases show us how greatly superior in innate
fertility the seedlings from plants self-fertilised or
intercrossed for several generations and then crossed
by a fresh stock are, in comparison with the seedlings
from plants of the old stock, either intercrossed or
self-fertilised for the same number of generations. The
three lots of plants in each case were left freely ex-
posed to the visits of insects, and their flowers without
doubt were cross-fertilised by them.

This table further shows us that in all four cases the
intercrossed plants of the same stock still have a
decided though small advantage in fertility over the
self-fertilised plants.

With respect to the state of the reproductive organs
in the self-fertilised plants of the two last tables,
only a few observations were made. In the seventh
and eighth generation of Ipomaea, the anthers in the
flowers of the self-fertilised plants were plainly smaller
than those in the flowers of the intercrossed plants.
The tendency to sterility in these same plants was
also shown by the first-formed flowers, after they had
been carefully fertilised, often dropping off, in the
same manner as frequently occurs with hybrids. The
flowers likewise tended to be monstrous. In the
fourth generation of Petunia, the pollen produced
by the self-fertilised and intercrossed plants was
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 heading
includes flowers on the Parent-plants, and on the crossed
and self fertilised Seedlings of the first or a succeeding 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 nature of the
pollen employed ; that is, whether it was taken from
a distinct plant or from the same flower. The de-
grees of fertility shown in the following table, F,
were determined in each case by the average number
of seeds per capsule, ascertained either by counting
or weighing.

Another element ought properly to have been taken
into account, namely, “the proportion of flowers which
yielded capsules when they were crossed and self-
tilised; and as crossed flowers generally produce a
Iarger proportion of capsules, their superiority in for-
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 eapsules produced relatively to the number of flowers
fertilised be included in the calculation, 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 4:50 seeds,
whilst the self-fertilised flowers yielded only 0-94 seeds,
so 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 are usually quite sterile with their own
pollen.

TasLe F.—Relative Fertility of 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
Crossed Flowers taken as 100,

IPONGEA  PURPUREA —crossed and self-fortilised
vielded seeds as (about) . }\ 2000
My —orossed and sl fertlised lowers | H
i s (by saigh ) | ip)
LINARIA vllﬂu(n*{'m“e«l :\nd !L‘lffulllned ﬁoweh [ 14
elded seeds as . i 4
> .\m}au\ﬂmsscd and selt fnnxlned\‘ o
owers yielded sec [‘ » 2
DU l\A‘fluhm.l uld sel( {ert aed ﬂuwu‘l
(by weight) R
SALVIA cocorEA—erossed and selffertilsed ﬂo\varsy!e]dnl 03
seeds as (about) »
BRASSICA ousmACEA —erossed and self-fertilised flowers)| o
yielded seeds as . . . | niias
EschscHourza cu.uomm_(hglhh s500) mosend) s =,
self-fertilised flowers »on
Esonscnottzia carorstca—(Brazilian grown in)|
England) crossed and self-fortilised ﬂawnxs ywlded seeds)| , , 15
(by weight) as (. out) .
(self-fertilised cn|nu|u spontancously pmduced but. mun" e
supported by other evidence) yielded seeds as . f|
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TapLE F—continued.

323

VISCARIA ocULATA—crossed and self-fertilised fowers|

ielded seeds us (by weight) }

VISCARIA 00ULATA — crossed and 'self-fortilised flowers
(romed capsles compared on fllowing year with spon
tancously sel-fortiloed cupsales) yielded, e

DIANTHUS CARYOPHYLLUS —crossed and self-fer
vielded seeds as

THoPEOLUM ths—:mlsml and self-fertilised *Howers
yielded se

THOPEOLUN . TRICOLORUN® — crossed and self-fertlsed
Howers yielded sceds as . .

1 e

Qe owerd

sed and self-fertilisad fowers
 yielded seods as (about) . .

3 and self-fortilised fowers

yielded seeds as
0soNIs MINUTISTIA—crossed and el
yielded seeds as .

ded " lowers

ertilisedflowers

IFLORA GRACILIS —crossed and self-fertilised flowers
yielded scedsas . . . . .

3 "and scl { flowers

yielded seeds a

LoveLia mmms—cmssed and self-fortilised fowers yielded
seeds as (about;

B i e
pJiclded seds us by weight)
BoRAGO OFFICINALiS—crossed and self-fortilised lower
yielded seeds as

NOLANA PROSTRATA —crossed and self-fertilised flowers
yielded seeds as .

PETUNIA VIOLACEA — crossed and seli-ferti
yielded sceds as (by weight) L LU

NiCoTIANA TABACUM—crossed and self-fortilised " flower:
vielded seeds as (by w :

CYCLAMEN PeRsicUM — crossed and self-fertilised flowers

o Jlisd s . .

ANAGALLIS COLLINA — crossed and self-fertil
b

CANNA WARSCEWICZI—crossed and self-fortilised flowers (on
i et ot croned cod it el stk |
all together) yielded seedsas o . . . . .

4 flowers

ied " flowers

115

00

41

* Tropeolum tricolorum_and

Cuphea purpurea have been intro-

duced oo his table, althoush
were not raisec

ais
them ut of the Cupbee only  erossed flowers of the Tropmolum

ond six selfGrtl-  produced Mt
Tised capeules, o Tropie-
Y2
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A second 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 ﬂower. and the innate lessened fertility
of plants derived from self-fertilised seeds, which as we
haye seen in the previous Table D is strongly marked.
The fertility was determined in the same manner as
in Table I, that is, by the average number of seeds per
capsule ; und 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.

Tavie G.—Relative Fertility of Flowers on Crossed and Self-
Jertilised Plants of the First or some succeeding Generation ; the
Jormer being again fertilised with Pollen from a distinct 1 lant,
and the latter again with their own Pollen. Fertility judged
of by the average Numler of Seeds per Capsule. Fertility of
Crossed Flowers taken as 100, .

the crosel uud self-ortilised plants of the 1 generation
yielded seeds
IodNGA PURPUREA—crossed hod sel-ertlied flowers o }

100 to 93

Irovaa PunPUREA—crossed and self-fertilised flowers nn}‘

the crossel and se-festilsed plants of the 3rd A geutinian
yielded seeds
IPOMGEA PURPURE:

rossed and self-fo

To: lowers
the crosed aud se-fertilisd plants of the i gmenha all
yielded seeds a |
IPONGA. TURPUREA—crossod ‘and. seif-fotilised flowers nn}‘

the crossed and self-fertilised plants of the 5th generation
ielded seeds as . .

LUTEUs—erossed and self-fertilised flowers on the
crossed and self-fertilised plants of the 3rd foauia
ielded seeds as (by weight)
MIMULUS LUTEUS—same plants treated in the same mnnnerl

on following year yielded seeds as Oy weight) Jiomon
MiwuLus and self-fe flowers on the}‘

ssed and_ self-fertilised plnm g  geersion |
yielded seeds as (by weight)
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TaBLE G—continned.

Vi0LA TRICOLOR—crossed and self-fertilised flowers on the|

crossed and self-fertilised plants of the 1st generatin| 100 f0

yielded seeds as . . 3

fl
on the crossed nnd seli mulml ,.l.nu on the 1st gvnenh
tion yielded seeds

DIANTILUS CARYOPIYLLS-—lowers on v
of the 3rd generation crossed by intercrossed plants, and
other flowers again sel ed yielded sceds as

DIANTHUS CARYOPHYLLUS—Howers on self-fertilised piants
of the 3rd genentxon crossed by a fresh ikmk and other
flowers again self-fertilised yielded seeds

LATHYRUS 0DORATUS —crossed and self-fertilised flowers on
tho crosed and self-frilisd plants o the P praemstion
yielded seed:

LobELiA luMliA—rmx«Ed un.l ue]f A'erlllued ﬂnw" nn hl
erosed and el fectiliad plats o the 1st generation
Tekded sunds o by weight)

PETUNIA VIOLACEA—crossed nd ovren on
the crossed and self-fertilised ,.l.m pr-opt praantion
yielded seeds as (by weight)

PETUNIA VIOLACEA—crossed and self-fertilised flowers on
the crussed and ﬁell-lenlhnd plnnu of the 4th generation
yielded seeds as (by

PEIUNIA VIOLAC

fortilised plants

again self-fertilised yielded seeds as (by weight) . .
NICOTIANA TABACUM—crossed and self-fertilised flowers on
e crossed and self-fertilised plants of the Ist generation
yielded seeds as (by weight)

NicoTIANA TABACUM—flowers on _self-frtilised planis of
the 2nd generation crossed by intercrossed plants, and
other flowers again self-fertilised yielded seeds as (by es.
timation) . i

NICOTIANK TABACUM — flowers on self-fertilised plants of||
the 3rd generation crossed by a fresh stock, and other
Howers again self-fertilised yielded seeds as (by estimation )l

ASAGALLIS COLLINA—flowers on a red variety crossed by
blue varity, and other flowers on the red vriety it
fertilised yielded seeds a

CaxNA WauSCEWIZT —erossed and slf-furtfised lowers on
0 srstad . il pliats of {hTv ponalions
taken together yielded seods as. . &5

110

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 e

flowers by crossed parents, which in the later generations
had become somewhat closely inter-related, and had
heen 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 (i.e.
in thirty-five out of fifty) flowers fertilised by pollen
from a distinet plant yield more, sometimes many more,
seeds than flowers fertilised with their own pollen ; and
they commonly set a larger proportion of capsules. The
degree of infertility of the self-fertilised flowers differs
extremely in the different species, and even, as we
shall see in the section on self-sterile plants, in the
individuals of the same species, as well as under
dlightly 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
vielded by the crossed flowers. Some few of these
eases are, 1 believe, accidental ; that is, would not
recur on a second trial. This was apparently the
ease with the plants of the fifth generation of Ipomaa,
and in one of the experiments with Dianthus,
Nicotiana offers the most anomalous case of any,
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as the self-fertilised flowers on the parent plants, and
on their descendants of the second and third genera-
tions, produced more seeds than did the crossed
flowers ; but we shall recur to this case when we treat
of highly self-fertile varieties.

It might have been expected that the difference in
fertility between the crossed and self-fertilised flowers
would have been more strongly marked in Table G, in
which the plants of one set were derived from self-
fertilised parents, than in Table F, in which flowers on
the parent-plants were self-fertilised for the first time.
But this is not the case, as far as my scanty materials
allow of any judgment. There is therefore no evi-
dence at present, that the fertility of plants goes on
diminishing in successive self-fertilised generations,
although there is some rather weak evidence that
this does oceur with respect to their height or growth.
But we should bear in mind that in the later genera-
tions the crossed plants had become more or less closely
inter-related, and had been subjected all the time to
nearly uniform conditions.

It is remarkable that there is no close correspondence,
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 seeds than the self-fertilised flowers; and
although the plants raised from the former were taller

@ The Complete Work of Charles Darwin Online



328 FERTILITY OF CROSSED Ciar. IX.

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 produc.ive
than the self-fertilised. But the best evidence [ a
want of correspondence between the number of ceeds
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 followed 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
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-ferti-
lised plants of Mimulus and Primula differed to an
extreme degree in innate fertility, but by no means to
a corresponding degree in height or vigour.

In all the cases of self-fertilised flowers included in
Tables E, F, and G, these were fertilised with their
own pollen ; but there is another form of self-fertilisa-
tion, viz, by pollen from other flowers on the same
plant; but this latter 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 seeds, in the pro-
portion of 100 to 91, were produced from a cross
between flowers on the same plant than from strictly
self-fertilised flowers; but I have reason to suspect that
the result was accidental. With Origunum vulgare,
however, a cross between flowers on plants propagated
by stolons from the same stock certainly increased
slightly their fertility. This likewise occurred, as we
shall see in the next section, with Bschscholtzia,
perhaps with Corydalis cava and Oncidium ; but not
so with Bignonia, Abutilon, Tabernemontana, Senecio,
and apparently Reseda odorata.

Self-sterile Plants.
The eases here to be described might have been
introduced in Table T, 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 oceasion
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. ]\olreuter
long ago described plants of Verbascum p
which during two years were sterile with their own
pollen, but were easily fertilised by that of four other
species; these plants however afterwards became more
or less self-fertile in a strangely fluctuating manner.
Mr. Scott also found that this species, as well as two of
its varieties, were self-sterile, as did Girtner in the
case of Verbascum 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
haye 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.
M. Scott, and afterwards Mr. Munro, found that some.
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species of Oneidium 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 a large number of Orchidaccous 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 Tabernamontana 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;}
but according to Caspary a few self-fertilised seeds
are occasionally produced: Corydalis halleri is only
slightly se]{-stenle, and C. intermedia mot at all so.§
Inanother F' Hypecoum, Hildel
observed | that H. grandiflorum was highly self-sterile,
whilst H. procumbens was fairly seli-fertile.  Lhunbergia
alata kept by me in a warm greenhouse was self-sterile
early in the season, but at a later period produced
many spontaneously self-fertilised fruits. So it was
with Papaver vagum : another species, P. alpinum, was
found by Professor H. Hoffmann to be quite self-
sterile excepting on one ocecasion ;Y whilst P. somni-
Jerum has been with me always completely self-fertile.

Eschscholtzia californica. — This species deserves a
fuller consideration. _,\ plant cultivated by Fritz

* ¢ Bot. Zeitung,’ 1868, p. 114. § “Bot. Zemmz, June 27, 1873,

'f Tuid. 1868, p. 626, and 1870, || “Jabrb. fiir wis. Botanik)
. i, p. 464,

B Repm of the Intenational ~ §_° Zur Speciesfrago; 1875,

Hort. Congress, 1866, P47
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Miller in South Brazil happened to flower a month before
any of the others, and it did mot 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
crossed by insects or were artificially fertilised with
pollen from a distinct plant, in which case they were
completely fertile.* T was 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 intercrossed
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.
T'wo of these were covered with anet, and one produced
spontaneously only a single capsule containing no good
seeds, but yet, when artificially fertilised with its own
pollen, produced a few capsules. The other plant pro-
duced spontaneously under the net 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 plints 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, und 1869, p. 228,
) b

@ The Combplete Work of Charles Darwin Online




Cuar. IX. SELF-STERILE PLANTS. 333

capsules. Tater 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-
perature than that of Brazil favours the self-fertility
of this plant, whilst a still lower temperature lessens it.
As soon as the two plants which had been covered by
the net were uncovered, they were visited by many
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.e., grandchildren of the plants
which grew in Brazil) were again self-fertilised, and
produced five capsules, containing on an average 27-4
seeds, with a maximum in one of forty-two seeds; so
that their self-fertility had evidently increased greatly
by being reared for two generations in England. On
the whole we may conclude that plants of the Brazilian
stock are much more self-fertile in this country than
in Brazil, and less so than plants of the English stock
in England; so that the plants of Brazilian parentage
retained by inheritance some of their former sexual
constitution. Conversely, seeds from English plants
sent by me to Fritz Miiller and grown in Brazil, were
much more self fertile than his plants which had been
cultivated there for several generations ; but he informs
me that one of the plants of English parentage which
did not flower the first year, and was thus exposed for
two seasons to the climate of Brazil, proved quite self-
sterile, like a Brazilian plant, showing how quickly
the climate had acted on its sexual constitution.
Abutilon darwinii—Seeds of this plant were sent
me by Fritz Miller, who found it, as well as some
- other species of the same genus, quite sterile in its
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native home of South Brazil, unless fertilised with
pollen from a distinct plant, either artificially or
naturally by humming-birds.* Several plants were
raised from these seeds and kept in the hothouse.
They produced flowers very early in the spring, and
twenty of them were fertilised, some with -pollen from
the same flower, and some with pollen from other
flowers on the same plants; but not a single capsule
was thus produced, yet the stigmas twenty-seven hours
after the application of the pollen were penetrated by
the pollen-tubes. At the same time nineteen flowers
were crossed with pollen from a distinct plant, and
these produced thirteen capsules, all abounding with
fine seeds. A greater number of capsules would have
been produced by the cross, had not some of the nine-
teen flowers been on a plant which was afterwards
proved to be from some unknown cause completely
sterile with pollen of any kind. Thus far these plants
behaved exactly like those in Brazil ; but later in the
season, in the latter part of May and in June, they
began to produce under a net a few spontaneously
self-fertilised capsules. As soon.as this occurred,
sixteen flowers were fertilised with their own pollen,
and these produced five capsules, containing on an
average 3°4 seeds. At the same time I selected by
chance four capsules from the uncovered plants grow-
ing close by, the flowers of which I had seen visited
by humble-bees, and these contained on an average
21-5 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

1872, p. 22, and 1873,

B,

* * Jenaische Zeitschr. fiir Naturwi
41,
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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.

enecio cruentus (greenhouse varities, commonly
ealled Cinerarias, probably derived from several fruticose
or herbaceous species much intercrossed®).—Two purple-
flowered varieties were placed under a et 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 ch
other's pollen. Two of the eight corymbs thus treated
produced very few seeds, 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; theso eight corymbs
produced altogether ten extremely poor seeds, which
proved i ble of inati ik d many
flowers on both plants, and found the stigmas sponta-
neously covered with pollen; but they produced not a
single seed. These plants were afterwards left un-
covered in the same house where many other Cinerarias
were in flower ; and the flowers were frequently visited
by bees. They then produced plenty of seed, but one
of the two plants less than the other, as this species
shows some tendency to be diccious.

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-

* I am much obliged to Mr, licves that Senccio cruentus, fus-
Moore and o Mr. Thiselton Dyer  silaginis, and perhaps eritier,
for giving me information with  maderensis and populifolius h
respect to the varicties on which  all been more or less blended to-

. I 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.

Rteseda odorata—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, ¥, 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, C, or D, and all produced capsules; some of
these were not very fine, yet they contained plenty of
seeds. Eighteen flowers were fertilised with pollen
from other flowers on the same plant, and produced
not one capsule.

Ten flowers on C were crossed with pollen from A,
B, D, or E, and produced nine fine capsules. Nineteen
flowers were fertilised with pollen from other flowers
on the same plant, and produced no capsules.

Ten flowers on D were crossed with pollen from
A, B, C, or E, and produced nine fine capsules.
Eighteen flowers were fertilised with pollen from other
flowers on the same plant, and produced no capsules.

Seven flowers on E were crossed with pollen from
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A, 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 erossed 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 thought
must have been self-fertilised. There were altogether
seven such capsules; but as they were all seated close
to the artificially crossed flowers, I can hardly doubt
that a few grains of foreign pollen had accidentally
fallen on their stigmas. Besides the above seven
plants, four others were kept covered under the same
large net; and some of these produced here and
there in the most capricious manner little groups
of capsules; and this makes me believe that a bee,

many of which settled on the outside of the net, being

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 plant 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 I was much surprised at the difference in the
results 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 few with pollen from one of the. following self-
fertile plants, and all these flowers produced fine
capsules. The four other plants whilst still remaining
protected beneath the mets presented a wonderful
contrast (though one of them in a somewhat less
degree than the others), for they became actually
covered with spontaneously self-fertilised capsules, as
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numerous as, or very nearly so, and as fine as those
on the unprotected plants growing near.

The above three spontaneously self-fertilised cap-
sules produced by the two almost completely self-
sterile plants, contained altogether five seeds; and
from these I raised in the following year (1871) five
plants, which were kept under separate nets. They
grew to an extraordinarily large size, and on August
29th were examined. At first sight they appeared
entirely destitute of capsules ; but on carefully search-
ing their many branches, two or three capsules were
found on three of the plants, half-a-dozen on the
fourth, and about 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 ome. After this examination the
nets were taken off, and the bees immediately carried
pollen from ome of these almost self-sterile plants
to the other, for no other plants grew near. After a
few weeks the ends of the branches on all five plants
became covered with capsules, presenting a curious
contrast with the lower and naked parts of the same
long branches. These five plants therefore inherited
almost exactly the same sexual constitution as their
parents; and without doubt a self-sterile race of
Mignonette conld have been easily established.

Reseda lutea.—Plants of this species were raised
from seeds gathered from a group of wild plants grow-
ing at no great distance from my zarden. After
casually observing that some of these plants were self-
sterile, two plants taken by hazard were protected
under separate nets. One of these soon became
covered with spontaneously self-fertilised capsules, as
nfimerous as those on the surrounding unprotected
plants; so that it was evidently quite self-fertile.

z2
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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 grew crooked, and in this position the bees
were able to suck the flowers through the meshes, and
brought pollen to them from the neighbouring plants.
These branches then became loaded with capsules ;
the other and lower branches remaining almost bare.
The sexual comstitution of this species is therefore
similar to that of Reseda odorata.

Coneluding Remarks on self-sterile Plants.

In order to favour as far as possible the seli-fer-
tilisation of some of the foregoing plants, all the
flowers on Reseda odorata and some of those on the
Abutilon were fertilised with pollen from other
flowers on the same plant, instead of with their own
pollen, and in the case of the Senecio with pollen from
other flowers on the same corymb; but this made no
difference in the result. Fritz Miiller tried both kinds
of self-fertilisation in the case of Bignonia, Tabernz-
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 st capsules,
these containing on an average 9-0 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 Miiller 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 same manner. Thus
Verbaseum phaeniceum and nigrum are self-sterile, whilst
V. thapsus and lychnitis are quite seli-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
* ¢ Variation under Domesti- Chronicle,’ 1863, p. 1286) states
tion;’ chap. xvii. 2nd edit. vol.  that Liliwm auratum, Impatiens
. pallida and fulea, andl Forsythia
. Wilder, the editor of a - viridisima, “cannot be fertilised
horticultural journal in the United  with their own pollen.

States (quoted in * Gardeners'
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in the genus Passiflora, and with the Vandew amongst
Orchids.

Self-sterility differs much in degree in different
plants. In those extraordinary cases in which pollen
from the same flower acts on the stigma like a poison,
it is almost certain that the plants would never yield a
single self-fertilised seed. Other plants, like Corydalis
cava, oceasionally, though very rarely, produce a few
self-fertilised seeds. A large mumber 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-
rains, 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

@ The Combplete Work of Charles Darwin Online *



Crar. IX. SELF-STERILE PLANTS. 343

the stigma deeply ;* and with the Orchidaceous genus
Notylia they failed altogether to penetrate it.

With dimorphic and trimorphic species, an illegiti-
mate union between plants of the same form presents
the closest amalogy with self-fertilisation, whilst a
legitimate union closely resembles cross-fertilisation ;
and here again the lessened fertility or complete
sterility of an illegitimate union depends, at least in
part, on the incapacity for interaction between the
pollen-grains and stigma. Thus with Linum grandi-
Aorun, as T have elsewhere shown,t not more than two
or three out of hundreds of pollen-grains, either of the
long-styled or short-styled form, when placed on the
stigma of their own form, emit their tubes, and these
do not penetrate deeply; nor does the stigma itself
change colour, as 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 turn to the more immediate cause of
selfesterility, we clearly see that in most cases it is de-
termined by the conditions to which the p]axns have
been subj d. Thus Eschscholtzia is pletely self-
sterile in the hot climate of Brazil, but is p(rﬁ tly
fertile there with the pollen of any other individual.
The offspring of Brazilian plants became in England

* <Bot. Zeitung, 1868, pp. 114, + *Journal of Linn. Soe. Bot.!
115, vol. vii. 1863, pp.
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in a single generation partially self-fertile, and still
more so in the second generation. Conversely, the
offspring of English plants,- after growing for two
seasons in Brazil, became in the first generation quite
self-sterile. Again, Abutilon darwinii, which is self-
sterile in its native home of Brazil, became mode-
rately self-fertile 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 season become
self-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 faet which has many
important bearings; and I have therefore thought
the foregoing details worth giving. For instance, the
stexility of many animals and plants under changed
conditions of life, such as confinement, evidently comes
within the same general principle of the sexual
system being easily affected by the environment. It
has already 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 infor 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 seems at first sight highly
probable that self-sterility has been gradually acquired
through natural selection in order to prevent self-
fertilisation. It is no valid objection to this belief
that the structure of some flowers, and the dichogamous
condition of many others, suffice to prevent the pollen
reaching the stigma of the same flower; for we should
remember that with most species many flowers
expand at the same time, and that pollen from the
same plant is equally injurious or mearly so as
that from the same flower. Nevertheless, the belief
that sel-sterility is a quality which has been gradually
acquired for the special purpose of preventing seli-
fertilisation must, I believe, be rejected. In the

first place, there is no close correspondence in degree
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between the sterility of the parent-plants when self-
fertilised, and the extent to which their offspring suffer
in vigour by this process; and some such correspon-
dence might have been expected if self-sterility had
been acquired on account of the injury caused by self-
fertilisation. The fact of individuals 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. “I'he
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 either causing
or in removing self-sterility. We are not therefore
justified in admitting that this peculiar state of the
reproductive system has been gradually acquired
through natural selection ; but we must look at it as
Lan incid 1 result, depend on the diti to
which the plants have been subjected, like the ordinary
sterility caused in the case of animals by confinement,
and in the case of plants by too much manure, heat, &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 di iation in the sexual el ts, 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
pot by their own pollen; and a fow 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 ean be fertilised by the pollen of any
one out of a thousand or ten thousand individuals of
the same species, but not by its own. Now it is
obviously impossible that the sexual organs and
elements of every individual can have been specialised
with respect to every other individual. But there
is no difficulty in believing that the sexual elements
of each differ slightly in the same diversified manner
as do their external characters; and it has often been
remarked that no two individuals are absolutely
alike. Therefore we can hardly avoid the conclusion,
that diffe 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 slffertile Varicties—We
have just seen that the degree to which flowers are
capable of being fertilised with their own pollen differs
much, both with the species of the same genus, and
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sometimes with the individuals of the same species.
Some allied cases of the appearance of varieties which,
when self-fertilised, yield more seed and produce off-
spring growing taller than their self-fertilised parents,
or than the intercrossed plants of the corresponding
generation, will now be considered.

Firstly, in the third and fourth generations of
Mimulus luteus, a tall variety, often alluded to,
having large white flowers blotched with crimson,
appeared amongst both the intercrossed and self-
fertilised plants. Tt prevailed in all the later self-
fertilised generations to the exclusion of every other
variety, and transmitted its characters faithfully, 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
as 126 to 100. In the sixth generation they were
likewise much taller and finer plants, but were not
actually measured ; they produced capsules compared
with those on the intercrossed plants, in number, as 147
to 100; and the 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 to have become specially adapted to profit
in every way by self-fertilisation, although this process
was so injurious to the parent-plants during the first
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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
Tpoma 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
degree of self-fertility, to its children, grandehildren,
and great-grandchildren. The self-fertilised children
of Hero were in height to other self-fertilised plants
of the same stock as 100 to 85. Ten self-fertilised
capsules produced by the grandchildren contained on
an average 5°2 seeds; and this is a higher average
than was yielded in any other generation by the
capsules of self-fertilised flowers. The great-grand-
children of Hero derived from a cross with a fresh
stock were so unhealthy, from having been grown at
an unfavourable season, that their average height in
comparison with that of the self-fertilised plants
caunot be judged of with any safety; but it did not
appear that they had profited even by a cross of this
kind.

Thirdly, the plants of Nicotiana on which I experi-
mented appear to come under the present class of
cases ; for they varied in their sexual constitution
and were more or less highly selffertile. They
were probably the offspring of plants which had been
spontaneously self-fertilised under glass for several
generations in this country. The flowers on the
parent-plants which were first fertilised by me with their
own pollen yielded half again as many seeds as did

@ The Complete Work of Charles Darwin Online



350 SELF-FERTILE VARIETIES. Cuar. 1X.

those which were crossed; and the seedlings raised
from these self-fertilised seeds exceeded in height
those raised from the crossed seeds to an extraordinary
degree. In the second and third generations, although
the self-fertilised plants did not exceed the crossed in
height, yet their self-fertilised flowers yielded on two
occasions considerably more seeds than the crossed
flowers, even than those which were crossed with pollen
from a distinet stock or variety.

Lastly, as certain individual plants of Reseda odorata
and Jutea are incomparably more self-fertile than other
individuals, the former might be included under the
present heading of the appearance of new and highly
seli-fertile varieties. But in this case we should have
to look at these two species as normally self-sterile ;
and this, judging by my experience, appears to be the
correct view.

‘We may therefore conelude 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-
erossed or self-fertilised plants of the corresponding
generation—all the plants being of course subjected
to the same conditions. The appearance of such
varieties is interesting, as it bears on the existence
under nature of plants which regularly fertilise them-
selves, such as Ophrys apifera and a few other orchids,
or as Leersia oryzoides, which produces an abundance
of cleistogene flowers, but most rarely flowers capable
of eross-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
rule very small compared with that from a cross with
a distinct plant. Thus we have seen in the last chapter
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| that seedlings of 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
too strongly marked to be accidental. Again, the cul-
tivated varieties of the common pea are highly self-
fertile, although they have been self-fertilised for many
generations; and they exceeded in height seedlings
from a cross between two plants belonging to the same
variety in the ratio of 115 to 100 ; but then only four
pairs of plants were measured and compared. The
self-fertility of Primula veris increased after several
generations of illegitimate fertilisation, which is a
process closely analogous to self-fertilisation, but only
as lrmﬂ 5 the phuts were cultivated under the same
fi I have also el shown*
that with Primula veris and sinensis, equal-styled
varieties occasionally appear which possess the sexual
organs of the two forms combined in the same flower.
Consequently they fertilise themselves in a legitimate
manner and are highly self-fertile ; but the remarkable
fact is that they are rather more fertile than ordinary
plants of the same species legitimately fertilised by
pollen from a distinct individual. Formerly it appeared
to me probable, that the increased fertility of these
dimorphic plants might be accounted for by the stigma
lying so close to the anthers that it was impregnated at
the most favourable age and time of the day; but this
explanation is not applicable to the above given cases,
in which the flowers were artificially fertilised with
their own pollen.

* ¢ Journal Linn. Soc. Bot.” vol. x. 1867, pp. 417, 419,
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Considering the facts now adduced, including the
appearance of those varieties which are more fertile
and taller than their parents and than the intercrossed
plants of the corresponding generation, it is 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 distinct
plant, and especially with one of a fresh stock. Should
this suspicion be hereafter verified, it would throw
light, as we shall see in the next chapter, on the exist-
ence of plants bearing small and inconspicuous flowers
which are rarely visited by insects, and therefore are
rarely intercrossed.

Relative Weight and Period of Germination of Seeds
Jrom erossed and self-fertilised Flowers—An equal
number of seeds from flowers fertilised with pollen from
another plant, and from flowers fertilised with their own
pollen, were weighed, but only in sixteen cases. Their
relative weights are given in the following list; that
of the seeds from the crossed flowers being taken as 100.

Ipomea purpurea (parent plants) . . . . . . . 83100t0127

(hudgenernzmn) A s T
SalVia coccinea . sRgas ol il Sy 5100
Brassica oleracen . saiar e i st g SRt 108
Theris umbellata (second genemtmn) ERi i e o AR
Delphinium consolida sk et pliedens 5 45
H\blstusaﬁlmnns o e e SR <108
Tropolum minu g el SRR L0 16
Lathyrus mlm'nl\ls (4bond) i - sael B R SRR L . 300
Serothammusscoparius . . . . o 4 . .+ . . p n 88
Spesulivia speculum. - 080 DRAQUSEIRT i) TG 88
Nemophila insignis . 55 A% SR 3 s 2o 1 4w o AOR
Borago officinalis . . RS R
Cyolamen persicum (about) =+ . . 4+ . . . . 5 on 50
Fagopyrum esculentim . bR
Canna warscewiczi (three genemmm) P, T »ow 102

Tt is remarkable that in ten out of these sixteen
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cases the self-fertilised seeds were either superior or
equal to the crossed in weight ; nevertheless, in six out
of the ten cases (viz, with Ipomeea, Salvia, Brassica,
Tropmolum, Lathyrus, and Nemophila) the plants
raised from these self-fertilised seeds were very inferior
in height and in other respects to those raised from the
crossed seeds. The superiority in weight of the self-
fertilised seeds in at least six out of the ten cases,
namely, with Brassica, Hibiscus, Tropzolum, Nemophila,
Borago, and Canna, may be accounted for in part by
the self-fertilised capsules containing fewer seeds; for
when a capsule contains only a few seeds, these 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 heayiest, as
with Sarothamnus and Cyclamen, the crossed capsules
contained a larger number of seeds. Whatever may be
the explanation of the self-fertilised seeds being often
the heaviest, it is remarkable in the case of Brassica,
Tropwolum, Nemophila, and of the first generation of
Ipomeea, 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.
Mr. Galton has shown that this holds good with Lathyrus
odoratus ; as has Mr. A. J. Wilson with the swedish
turnip, Brassica campestris ruta baga. Mr. Wilson
separated the largest and smallest seeds of this latter
plant, the ratio between the weights of the two lots
being as 100 to 59, and he found that the seedlings
“from the larger seeds took the lead and maintained
their superiority to the last, both in height and thick-
24
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ness of stem.”*  Nor can this difference in the growth
of the seedling turnips be attributed to the heavier
seeds having been of crossed, and the lighter of self-
fertilised origin, for it is known that plants belonging
to this genus are habitually intercrossed by insects.
With respect to the relative period of germination of
crossed and self-fertilised seeds, a record was kept in
only twenty-one cases; and the results are very per-
plexing. Neglecting one case in which the two lots
germinated simultaneously, in ten cases or exactly one-
half many of the self-fertilised seeds germinated before
the crossed, and in the other half many of the erossed
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 self-fertilised generations ; and here again in half
the cases the crossed seeds, and in the other half the
self-fertilised seeds, inated first. Yet the seedli
of Mimulus raised from such self-fertilised seeds were
inferior in all respects to the crossed seedlings, and in
the case of Eschscholtzia they were inferior in fertility.
Unfortunately the relative weight of the two lots of
seeds was ascertained in only a few instances in which
their germination was observed ; but with Ipomeea and
I believe with some of the other species, the relative
lightness of the self-fertilised seeds apparently deter-

* * Gardeners’ Chronicle, 1867,
p. 107, Loiscleur-Deslongehamp
(‘Les Céréales, 1842, pp. 208-219)
was led by his observations to
the extraordinary conclusion that
the smuller grains of cereals pro-
duce as fine plants as the large,

is conclusion is, however, con-
tradicted by Major Hallet’s great

It is possible, however, that m:

by long-continued selection, may
liave given to the grains of the
cereals  greater amount of starch
or other matter, than the seed-

little doubt, as
Humboldt long ago remarked,
that the grains of cereals have
Deen rendered attractive to birds
in a degree which is highly in-
Jurious to the species,
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mined their early germination, probably owing to the
smaller mass being favourable to the more rapid com-
pletion of the chemical and morphological changes
necessary for germination. On the other hand, Mr.
Galton gave me seeds (no doubt all self-fertilised) of
Lathyrus odoratus, which were divided into two lots of
heavier and lighter seeds; and several of the former
germinated first. It is evident that many more observa-
tions are necessary before anything can be decided
with respect to the relative period of germination of
erossed and self-fertilised seeds.
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CHAPTER X.
MEANS OF FERTILISATION.

Sterility and fertility of plants when inscets are excluded—The means
by which flowers are cross-fortilised—Structures favourable to self-
fertilisation—Relation between the structure and conspiouousness
of flowers, the visits of insects, and the advantages of cross-fertilisa-
tion—The means by which flowers are fertilised with pollen
from a distinet plant—Greater fertilising power of such pollen
—Anemophilous species—Conversion of anemophilous specics into

Origin of plants generally
have their sexes separated —Conversion of diclinous into herma-
phrodite flowers—Trees often have their sexes separated.

Ix the introductory chapter I briefly specified the
various means by which cross-fertilisation is favoured
or ensured, namely, the separation of the sexes,—the
maturity of the male and female sexual elements at
different periods, — the heterostyled or dimorphic
and_trimorphic condition of certain plants,—many
mechanical contrivances,—the more or less complete
inefficiency of a flower’s own pollen on the stigma,—and
the prepotency of pollen from any other individual
over that from the same plant. Some of these points
require further consideration; but for full details 1
must refer the reader to the several excellent works
mentioned in the introduction. 1will in the first place
give two lists : the first, of plants which are either quite
sterile or produce less than about half the full com-
plement of seeds, when inseets are excluded ; and a
second list of plants which, when thus treated, are fully
fertile or produce at least half the full complement
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of seeds. These lists have been compiled from the
several previous tables, with some addjtional cases from
my own observations and those of others. The species
are arranged nearly in the order followed by Lindley
in his ¢Vegetable Kingdom. The 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 fhe 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 dimorphic and trimorphic plants, in which
the same necessity occurs to a limited extent. Ex-
perience has proved to me that, independently of the
exclusion of insects, the seed-bearing power of a plant
is not lessened by covering it while in flower under a
thin net supported on a frame; and this might indeed
have been inferred from the consideration of the two
following lists, as they include a considerable 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 insects.

List of Plants which, when Tnsects are eacluded, 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, carulea, edulis, laurifolia, and some
indivi P. is (Passi are quite

sterile under these conditions : see ¢ Variation of Animals
and Plants under Domestication,’ chap. xvii. 2nd edit. vol. ii.
p. 118

Viola canina (Violacem)—Perfect flowers quite sterile unless
fertilised by bees, or artificially fertilised.
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V' tricolor.—Sets very few and poor capsules.
Tteseda odorata (Resedaces).—Some individuals quite sterile.
R lutea.—Some individuals produce very few and poor cap-

sules.

Abutilon_darwinii (Malvaces).— Quite sterile in Brazil: see
previous discussion on self-sterile plants.

Nymphea (Nympheaces).—Professor Caspary informs me that
some of the species are quite sterilo if inseots are excluded.

Euryale amazonica (Nympheacew)—Mr. J. Smith, of Kew, in-
forms mo that capsules from flowers left o themselves, and
probably not visited by insects, contained from eight to fif-
teen seeds; those from flowers artificially fertilised with
pollen from other flowers on the same plant contained from
fifteen to thirty seeds; and that two flowers fertilised with
pollen brought from another plant at Chatsworth contained
respectively sixty and seventy-five sceds. 1 have given
these statements because Professor Caspary advances this
plant as a case opposed to the doctrine of the necessity or
advantage of cross-fertilisation: sco Sitzungsberichte der
Phys.-ikon. Gesell. zu Konigsberg, B. vi. p. 20.

Delphinium consolida (Ranunculacese).—Produces many capsules,
but these contain only about half the number of seeds com-
pared with capsules from flowers naturally fertilised by
bees.

californica ( Brazilian plants quite
sterile : English plants produce a fow capsules.

Papaver vagum (Papaveraces).—In the carly part of the summer
produced very few capsules, and these contained very few

scods.

2. alpinum.—H. Hoffmann (‘Speciesfrage; 1875, p. 47) states
that this species produced seeds capable of germination only
on one oceasion.

Corydalis cava (Fumarinces).—Sterile: sec the previous discus-
sion on self-sterile plants.

€. solida—T had a single plant in my garden (1863), and saw
many hive-bees sucking the flowers, but not a singlo seed
was produced. I was much surprised at this fact, as Pro-
fessor Hildebrand's discovery that . cava is sterilo 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 seltsterile. The two foregoing cases are
interesting, becauso botanists formerly thought (see, for
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instance, Tecoq, ‘ De la Fécondation et de PHybridation,’
1845, p. 61, and Lindley, * Vegetable Kingdom,’ 1858, p. 436)
thatall the species of the Fumariaccse were specially adapted
for self-fertilisation.
0. lutea.—A covered-up plant produced (1861) exactly half as
many capsules as an exposed plant of the same size grow-
ing close alongside. When humble-bees visit the flowers
(and T repeatedly saw them thus acting) the lower petals
suddenly spring downwards and the pistil upwards; this
is due to the elasticity of the parts, which takes effect, as
s00n s the coherent edges of the hood are separated by the
entrance of an inscet. Unless insects visit the flowers the
parts do nob move. Nevertheless, many of the flowers on
the plants which T had protected produced capsules, not-
withstanding that their petals and pistils still refained their
original position; and I found to my surprise that these
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 sceds; whilst nine cap-
sules from flowers, the petals of which had been artificially
separated, contained only thirty-two seeds. But we should
remember that if bees had been permitted to visit these
flowers, they would have visited them at tho best time for
fertilisation. The flowers, the pefals of which had been
artificially separated, set their capsules before thoso which
were left undisturbed under the net. 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-
three flowers were in this state. Hildebrand states (Pring.
Juhr. f. wiss. Botanik, B. vii,, p. 450) that the mechanism
of the parts in this specics is nearly the same as in C. ochro-
Teuea, which he has fully described.
Hypecoum grandifiorum (Fumarincem).—Highly self-sterile (Hil-
debrand, ibid.). i
Kalmia latifolia (Ericacem).—Mr. W. J. Beal says (* American
Naturalist,’ 1867) that flowers protected from insects wither
and drop off, with  most of the anthers still remaining in
the pockets.”
Pelurgonium zonale (Geraniacem)—Almost sterile; one plant
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produced two fruits. It is probable that different varieties
would differ in this respect, as some are only feebly dicho-
gamous.

Dianthus Ca Produces very few
capsules, which contain any good seeds.

Phasedlus multiflorus (Legnminoswe).— Plants protected from
insects produced on two oceasions about one-third and one-
eighth of the full number of seeds: see my article in
Gardeners’ Chroniclo, 1857, p. 225, and. 1858, p. 828; also
“ Annals and Mag. of Natural History,’ 8rd series, vol
1838, p. 462.  Dr. Ogle (‘ Pop. Science Review, 1870, p. 168)
found that a plant was quite sterile when covered up. The
flowers are not visited by insects in Nicaragua, and, accord-
ing to Mr. Belt, the species is there quite sterile: <The
Naturalist in Nicaragua,’ p.70.

Vicia faba (Leguminoss).—Seventeen covered-up plants yielded
40 beans, 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.?) (Leguminosse).—Sir W. MacArthur informed
me that in New South Wales the flowers do not set, unless
the petals are moved in the same manner as is done by
inseets.

Lathyrus glandiflorus (Leguminosm).—Is in this country more or
less sterile. It 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,

seoparius (Legumi Extremely sterile when
the flowers ave neither visited by bees, nor disturbed by
being beaten by the wind against the surronnding net.

Meilotus oficinalis (Leguminoss).—An unprotected plant visited
by bees produced at least thirty times more seeds than a
protected one. On this latter plant many scores of racemes
did not produce a single pod; several racemes produced
cach one or two pods; five produced three; six produced
four; and one produced six pods. On the unprotected plant
cach of soveral racemes produced fifteen pods; nine pro-
duced between sixteen and twenty-two pods, and one
produced thirty pods.
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Lotus corni (L —Several d-up plants
‘produced only two empty pods, and not a single good seed.

Trifolium repens (Legnminosw).—Several plants were protected
from insects, and the seeds from ten flower-heads on these
plants, and from ten heads on other plants growing outside
the net (which I saw visited by bees), were counted ; and
the seeds from the latter plants were very nearly ten times
as numerous as those from the protected plants. The ex-
periment was repeated on the following year; and twenty
protected heads now yielded only a single aborted seed,
whilst twenty heads on the plants outside the net (which T
saw visited by bees) yielded 2290 seeds, as caleuiated 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, yielded
68 grains weight of seeds; and as eighty seeds 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 Ly humble-bees, or deep down between 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,” 1874, 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 scemed driven to desperation. On this occasion
most of the flowers of the clover were somewhat withered,
and contained an extraordinary quantity of nectar, which
the bees were able to suck. An experienced apiarian,
Mr. Miner, says that in the United States hive-bees never
suck the red clover; and Mr. R. Colgate informs me that
Te has observed the same fict in New Zealand after the
introduction of the hive-bee into that island. On the other
hand, H. Milller (* Befruchtung,’ p. 224) has often seen hive-
bees visiting this plant in Germany, for the sake both of
pollen and nectar, which latter they obtained by breaking
apart the petals. It is at least certain that humble-bees are
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 Jatter yielded
319 grains weight of seeds, whereas 60 on the covered-up
plants yiolded only 63 grains, and many of the seeds in the
latter lot were poor and aborted. Therefore the flowers
which were visited by bees produced between five and six
times as many sceds as those which were protected. The
covered-up plants not having been much exhausted by sced-
bearing, bore a second considerable crop of flower-stews,
whilst the exposed plants did not do <o,

Cytisus laburnum (Leguminos).—Seven flow dy to
expand were enclosed in a large bag made of net, and they
did not seem in the least injured by this treatment. Only
three of them produced any pods, each a single one; and
these three pods contained one, four, and five sceds.
that only a single pod from the seven racemes included &
fair complement of secds,

Cupliea purpurea (Lythracem).—Produced no seeds. Other flowers
on the same plant artificially fertilised under the net yielded
seeds.

Vinca major (Apocynacess)—1s generally quite sterile, but some-
times sots sceds when artificially cross-fertilised : see my
notice, ¢ Gardeners’ Chroniclo,’ 1861, p. 552,

V. rosen.—Behaves in the same mauner as the last species:
“ Gardeners’ Chronicle,” 1861, pp. 699, 736, 831.

Tabernamontana echinata (Apocynaces).—Quite sterile.

Petunia violacea (Solanaces)—Quite sterile, as far as T have
observed.

Solanum tuberosum (Solanaceto).—Tinzmann says (‘ Gardeners’
Chronicle,” 1846, p. 183) that some varieties are quite sterile
unless fertilised by pollen from another variety.

Primula scotica (Primulacew).—A non-dimorphic species, which
is fertile with its own pollen, but is extremely sterile if
insects are excluded. J. Scott, in “Journal Linn. Soc. Bot."
vol. viii. 1864, p. 119.

Cortusa matthioli (Pri Protected plants
sterile; artificially self-fertilised flowers perfectly fertile.
J. Scott, ibid. p. 82.

Cyelamen persicum (Primulaces)—During one season several
covered-up plants did not produce a single seed.

Borago officinalis (Boraginacewm).—Protected plants produced
about half as many seeds as the unprotected.

Salvia tenori (Labiatw).—Quite sterile; but two or three flowers
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on the summits of three of the spikes, which touched the
net when the wind blew, produced a few seeds. This
sterility was not due to the injurious effects of the net, for T
fertilised five flowers with pollen from an adjoining plant,
and these all yielded fine seeds. I removed the net, whilst
one little branch still bore a few not completely faded
flowers, and these were visited by bees and yiclded sceds.

S, coccinea.—Some covered-up plants produced a good many
fruits, but not, I think, half s many as did the uncovered
plants; twenty-eight of the fruits spontancously produced
by the protected plant contained on an average only 145
seeds, whilst some artificially self-fertilised fruits on the
same plant contained more than twice as many, viz., 33
seeds.

Bignonia (unnamed specics) (Bignoniaces).—Quite sterilo; sco

my account of self-sterile plants.

Digitalis purpures (Scrophulariacess).—Extremely sterile, only a

few poor capsules being produced.

Linaria vlgaris (Serophularinces)—Extremely sterile.

Antirrhinum majus, ved var. (Serophulariacew).—Fifty pods

gathered from a large plant under a net contained 9°8 grains
weight of seeds; but many (unfortunately not counted) of
the fifty pods contained no seeds. Fifty pods on a plant
fully exposed to,the visits of humble-hees contained 93°1
grains weight of seed, that is, more than twice the weight;
but in this case again, several of the fifty pods contained no
seeds.

majus (white var., with a pink mouth to the corolls).—
Fifty pods, of which only a very few were empty, on a
covered-up plant contained 20 grains weight of sced; so
that this variety seems to be much more self-fertile than
the previous ome. With Dr. W. Ugle (‘Pop. Science
Review,’ Jan. 1870, p. 52) a plant of this species was much
more sterile when protected from insects than with me, for
it produced only two small capsules. As showing the
efficiency of bees, T may add that Mr. Crocker castrated somo
young flowers and left them uncovered ; and these produced
as 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.

I

IS
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Virbasoloms phcin i) Qo Jihoing
V. nigrum.—Quite sterile . i i i
Campana carpathica (Lobeliaces).—Quite sterile.

Lobelia ramosa (Lobeliacew).—Quite sterile.

L. fulgens.—This plant s 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 tho flowers, and they
produced some capsules.

Tsotoma (a white- ﬂowered var (Lobehwese) —Firo plnts et

capsules, conhunmg altogether 1 1 grams we.gm of seed
and thirteen other very poor capsules, which were rejected.
Five plants protected from insects, but otherwise exposed
to the same conditions as the above plants, produced sixteen
fine capsules, and twenty other very poor and rejected ones.
The sixteen fine capsules contained seeds by weight in such
proportion that twenty-four would have yielded 4°66
grains. So that the unprotected plants produced nearly
thrice as many seeds by weight as the protected plants.

Leschenaultia formost (Goodenincer).—Quite sterile. My experi-
ments on this plant, showing the nocessity of insect aid,
are given in the ¢ Gardeners’ Chronicle, 1871, p. 1166.

Senecio cruentus (Compositie).—Quite sterile: seo my account of
selfsterile plans.

—Quite sterile; but
this species and the folluwlng ‘members of the group pro-
duce plenty of seed when artificially self-fertilised.

Rhewia glandulosa (Melastomacese).—Set spontaneously only two
o three capsules.

Centradenia floribunda (Melastomacete). —During some years pro-
duced spontancously two or threo capsules, sometimes

none.

Pleroma (unnamed species from Kew) (Melastomace).—During
somo years produced spontaneously two or three capsules,
sometimes none.

Monochatum ensiferum (Melastomaces)—During some years pro-
duced  spontancously two or three capsules, sometimes

none.

Hedychium (unnamed species) (Marantaces).—Almost self-sterile
‘without aid.

Orelidea.—An immense proportion of the species sterile, if
inseots are excluded.
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List of Plants, which when protected from Insects are
either quite Fortile, or yield more than half the Number
of Seeds produced by unprotected Plants,

Passifiora gracilis (Passifloraces).—Produces many fruits, but
these contain fewer seeds than fruits from intercrossed flowers,
Brassica dleracea (Crucifers). — Produces many capsules, but
these generally not so rich in seed as those on uncovered

plants.

Raphanus sativus (Crucifers).—Half of a large branching plant
was covered by & net, and was as thickly covered with
capsules as the other and unprotected half; but twenty of
the capsules on the latter contained on an average 3-5
seeds, whilst twenty of the protected capsules contained only
185 seeds, that is, only a little more than half the number.
This plant might perhaps have been more properly included
in the former lst.

Iberis unbellata (Crucifers).—Highly fertile.

1. amara.—Highly fertile,

Reseda odorata and Tutea (Resedaces)—Certain individuals com-
pletely self-frtile.

Euryale ferox (N )—Professor Caspary i that
this plant is highly self-fertile when inseots are excluded. Ho
remarks in the paper before referred to, that his plants (as
well as those of the Victoria regia) produce only one flower
at a time; and that as this species is an annual, and was
introduced in 1809, it must have been self-fertilised for the
lnst fifty-six generations; but Dr. Hooker assures me that to
his knowledge it has been repeatedly introduced, and that at
Tew the same plant both of the Euryalo and of the Victoria
produce several flowers at the same time,

Nymphea (Nympheacer).—Some species, as T am informed by
Professor Caspary, are quite self-fertile when insects are
excluded.

Adonis astivalis (Ranuneulacew).—Produces, according to Pro-
fessor H. Hoffmann (“Speciesfrage,” p. 11), plenty of seeds
when protected from insects.

Ranuneulus acris (Ranunculaces).—Produces plenty of seeds
uader a nef.

Papaver somniferum (Papaveracess).—Thirty capsules from un-
covered plants yie'ded 156 grains weight of seed, and thirty
capsules from covered-up plants, growing in the same bed,
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yielded 165 grains weight; so that the latter plants were
more productive than the uncovered. Professor H. Hoffmann
( Speciesfrage,’ 1875, p. 53) also found this species self-fertilo
when protected from insects.

P. vagum.—Produced late in the summer plenty of seeds, which
germinated well.

P. argemonoides . | Aroetng 10 Hiaebrand ¢ ab.
uch fIF v,
Glauciun Uteun (Pagaveriees) Shomtancouly st el owers

Argemone ochroleuca (Papaveracea) | are by no meuns sierie

Adlumia civrilosa (Fumariaces).—Sets an abundanco of capsules.

Hypecoun procumbens (Fumariaces). Hildebrand says (idem),
with respect to protected flowers, that “ cine gute Frucht-
bildung eintrete.”

Fumaria officinalis (Fumariacew).—Covered-up and unprotected
plants apparently produced an equal number of capsules,
and the seeds of the former seemed to the eye equally good.
Thave often watched this plant, and so has Hildebrand, and
we have never seen an insect visit the flowers. H. Miiller
has likewise been struck with the rarity of the visits of insects
to it, though he has sometimes seen hive-bees at work.
The flowers may perhaps be visited by small moths, as is
probably the case with the following species.

F. capreolata.—Several large beds of this plant growing wild
were watched by me during many days, but the flowers
were never visited by any insects, though a humble-bee
was once seen closely to inspect them. Novertheless, as
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 the least ;
but they had been opened by some means in a certain pro-
portion of the flowers, in the same manmer as follows when
a thick bristle is pushed into the nectary; so that in this
respect they resemble the flowers of Corydalis lutea, Thirty-
fonr heads, each including many flowers, were examined,
and twenty of them had from one to four flowers, whilst
fourteen had not a single flower thus opened. It is there-
fore clear that some of the flowers had been visited by
insects, while the majority had not; yet almost all produced
capsules.

Linum usitatissimum (Linacew).—Appears to be quite fertile.
H. Hoffmann, * Bot. Zeitung,” 1876, p.

Tmpatiens barbigerum (Balsaminaces).—The flowers, though ex-
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cellently adapted for cross-fertilisation by the bees which
freely visit them, set abundantly nnder a net.

1. noli-me-tangere (Balsaminacese).— This species produces cleis-
togene and perfect flowers. A plant was covered with a net,
and some perfect. flowers, marked with threads, produced
elaven spontaneously self-fertilised capsules, which contained
on an average 8'45 seds. I meglected to ascertain the
mumber of seeds produced by perfect flowers exposed to the
visits of insects, but T believe it is not greatly in excess of
theaboveaverage. Mr. A. W. Bennett has carefully described
the structure of the flowers of Z. fulva in * Journal Lion, Soc.
vol. xiii. Bot. 1872, p. 147. This latter species is said to
be sterile with its own pollen (“Gard. Chronicle; 1868, p.
1286), and if so, it presents a remarkable contrast with 7.
barbigerum and noli-me-tangere,

Limnanthes douglasii (Geraniaces).—Highly fertile,

Viscaria oeuluta (Garyophyllaces).—Produces plenty of capsules
with good seeds.

Stallaria media (Caryophyllaces).—Covered-up and uncovered
plants produced an equal number of capsules, and the seeds
in both appeared equally numerous and good.

Beta vulgaris (Chenopodiacew)—Highly self-fertile,

Vicia sativa (Leguwinosse).—Protected and plan
produced an equal number of pods and equally fine sceds,
If there was any difference between the two lots, the covered.
up plants were the most productive,

V. hirsuta. — This species bears the smallest flowers of any
British leguminons plant. ~'The result of covering up plants
was exactly the same as in the last species,

Pisum sativum (Leguminosse),—Fully fortile,

Lathyrus odoratus (Leguminosw).—Fully fertile,

L. nissolia.—Fully fertile.

Lupinus luteus (Leguminoss).—Fairly productive,

L. pillsus.—Produced plenty of pods.

Ononis minutissima (Leguminosw).—Twelve perfect flowers on a
plant under & net were marked by threads, and produced
eight pods, containing on an average 238 seeds. Pods
produced by flowers visited by inseets would probubly have
contained on an average 366 seeds, judging from the effects
of artificial cross-fertilisation.

Phasealus vulgaris (Leguminosm).—Quite fortile.

Tirifolium arvense (Leguminosse).—The excessively small flowers
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aro incessantly visited by hive and humble-bees. When
insects were excluded the flower-heads seemed to produce as
‘many and as fine seeds as the exposed heads.

. procumbens—On one occasion covered-up plants seemed to
ield as many seeds as the uncovered. On a second oceasion
Sixty uncovered flower-heads yielded 9°1 grains weight of
seeds, whilst sixty heads on protected plants yielded no less
than 17°7 grains; so that these latter plants were much
more productive; but this result T suppose was accidental.
1 have often watched this plant, and have never seen the
flowers visited by inseots; but I suspect that the flowers of
this species, and more especially of Tifolium minus, are
frequented by small nocturnal moths which, as 1 hear from
Mz. Bond, haunt the smaller clovers.

Medicag frrima (Leguminosw).—On account of the danger of

g the seeds, T was forced to gather the pods before they
wero quite ripe; 150 fower-heada on. plants visited by bees
yielded pods weighing 101 grains; whilst 150 heads on
Protected plants yield-d pods weighing 77 grains. The
inequality would probably have been greater if the mature
seeds could have been all safely collested and compared.
1g. 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 (Solanacew).—Fully self-fertile.

Ipomase purpurea (Cnnvolvulmm) —Highly selt-frtile.

~—Plants under a net

Prcduces s po ke apdulns

Primula mollis (Primulaces).—A non-dimorphic species, self-fer-
tile: J. Scott, in*Journal Linn. Soc. Bot.’ vol. viii. 1864, p. 120.

Nolana prostrata (Nolanaces)—Plants covered up in the green-
house, yielded seeds by weight compared with uncovered
plants, the flowers of which were visited by many bees,
in the ratio of 100 to 61.

Ajuga reptans (Labiati).—Set & good many seeds; but none of
the stems under a nct produced so many as several un-
covered stems growing closely by.

Euphrasia oficinulis (Scrophulariaces)—Covered-up plants pro-
duced plenty of seed ; whether less than the exposed plants T
cannot say. I saw two small Dipterous insects (Dolichopos
igrip-anis and Eupis chioptera) repeatedly sucking the
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flowers; as they crawled into them, they rubbed against the
bristles which project from the anthers, and became dusted
with pollen,

iacee).—Covered-up plants produced
an abundance of seeds. I do not know whether apy insects
visit the flowers; but I have observed Syrphidme repeatedly
covered with pollen visiting the flowers of V. hedercfolia and
cumadrys.
Mimulus lutens (Serophulariacess).—Highly self-fertile.
ia variety) incese).—Highly self-

fertile.
Verbascum thapsus (Scrophulariaces).—Highly self-fertile.
V. lychnitis.—Highly self-fertile.
Vandellia mummularifolia (Scrophulariaces).—Perfect flowers

produce a good many capsules,
ool . ;

—Covered-up plants produced

a good many secds; but several of these were shrivelled, nor

were they so numerous as those produced by unprotected

plants, which were incessantly visited by hive and humble-

bees,

Speculuria. speculum (Lobeliacew). — Covered plants produced.
almost as many capsules as the uncovered,

Lactuca sativa (Compositem).—Covered plants produced some
seeds, but the summer was wet and unfavourable.

Galium aparine (Rubiaces).—Covered plants produced quite as
many seeds as the uncovered.

Apium petroselinum (Umbelliferse)—Covered plants apparently
were as productive as the uncovered.

Zea mays (Graminew).— A single plant in the greenhouse
produced a good many grains.

Canna warscewiczi (Marantacess).—Highly self-fertile.

Orchidace. — T Europe Oplrys apifera is as regularly seli-
fertilised as is any cleistogene flower. In the United States,
South Africa, and Australia there are a fow species which
are perfectly self-fertile. These several cases are given in
the 2nd edit. of my work on the Fertilisation of Orchids.

Allium cepa (blood red var.) (Liliaces).—Four flower-heads were

covered with a net, and they produced somewhat fewer and

smaller capsules than those on the uncovered heads. The

capsules were counted on one uncovered head, and were 289

in number ; whilst those on a fine head from under the et

were only 199.

28
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Each of these lists contains by a mere accident the
same number of genera, viz., forty-nine. The genera
in the first list include sixty-five species, and those in
the second sixty species; the Orchidem in both being
excluded. If the genera in this latter order, as well as
in the Asclepiade and Apocynaces, 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-
vimented on, The results can be considered as only
approximately accurate, for fertility is so variable a
character, that each species ought to have been tried
many times. The above number of species, namely,
125, is as nothing to the host of living plants; but
the mere fact of more than half of them being sterile
within the specified degree, when insects are excluded,
is a striking one; for whenever pollen has to be carried
from the anthers to the stigma in order to ensure full
fertility, there is at least a good chance of cross-fertili-
sation. I do not, however, believe that if all known
plants were tried in the same manner, half would be
found to be sterile within the specified limits; for
many flowers were selected for experiment which pre-
sented some remarkable structure; and such flowers
often require insect-aid. Thus out of the forty-nine
genera in the first list, about thirty-two have flowers
which are asymmetrical or present some remarkable
peculiarity ; whilst in the second list, including species
which are fully or moderately fertile when insects were
excluded, only about twenty-one out of the forty-nine
are asymmetrical or present any remarkable peculiarity.

Means of ilisation.—The most imyp of
all the means by which pollen is carried from the
anthers to the stigma of the same flower, or from flower
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to flower, are insects, belonging to the orders of
Hymenoptera, Lepidoptera, and Diptera; and in some
parts of the world, birds.* Next in importance, but
in a quite subordinate degree, is the wind; and with
some aquatic plants, according to Dclpmu, 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 is thus gained ; “and
this conclusion has now been firmly established by the
proved superiority in growth, vigour, and fertility of
plants of crossed parentage over those of self-fertilised
parentage. | But we should always keep in mind that
two somewhat opposed ends have to be gained; the
first and more unpumm one bemg the production

B hei e 150 1t ot
known to me of birds fertilising
flowers. Tn South Brazil, hum-  Naturali

¢ Gard,

‘The

129

ehnulm, m:lmp 15 120;
Chronicl 859

s certainly fertilise the
ious species of Abutilon, which
are sterile without their aid

the flowers of Bru(,mmmm wlulst
some of the short-heaked

illegitimate manner, in the lﬂm!
manner as do bees in all parts of
the world. It appears, indeed,
thatthe beaks of umming-birds
re specially adapted to the va-
Fious kinds of lowers whieh the
sl on tho Cordillea they suck
the Balvim, and lacerao,_tho
fowers o o Tacsoniie: in
ragua, Mr. Belt suw them sucl
the flowers of Maregravia nnd
mﬁﬁm‘ and thus they carried
len from flower to flower, In
forth America they are said to
h‘equunt the fowers of Impatiens :
(Gould, * Introduction to the Tro-

cmg\- P
“Journul of Linn, 866, Bot? vol
xiii. 1872, p. 151) I may add
that I often saw in Chile a Mimus
ith it head yellow with polen
from, as T belicve, a
have been assured that at_ the
Cape of Good Hope, Strelitzin is
fortlised by the . Neotarinide,

cking

birdsof that country. Mr. Wale
lace remar] ress o the Fio-
logical Section, vy 1876)
that he has “often observed the
beaks and faces of the brush-

tongued lories of the Moluccas
covered with pollen” In New
Zealand, many specimens of the
Anthornis melanura had  their
heads coloured with pollen from
the flowers of an endemic speciex
of Fuchsin': (Potts, * Trunsact,
New Zealand Institute,’ vol. iii.
1870, p. 72.)
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of seeds by any means, and the second, cross ferti-
lisation.

The advantages derived from cross-fertilisation throw
a flood of light on most of the chief characters of flowers.
‘We can thus understand their large size and bright
colours, and in some cases the bright tints of the ad-
joining parts, such as the peduncles, bractew, &c. By
this means they are rendered conspicuous to insects,
on the same principle that almost every fruit which is
devoured by birds presents a strong contrast in colour
with the green foliage, in order that it may be seen,
and its seeds freely disseminated. With some flowers
conspicuousness is gained at the expense even of the
reproductive organs, as with the ray-florets of many
Compositee, the exterior flowers of Hydrangea, and the
terminal flowers of the Feather-hyacinth:or Muscari.
There is also reason to believe, and this was the opinion
of Sprengel, that flowers differ in colour in accordance
with the kinds of insects which frequent them.

Not 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 one, or on all excepting one or
more of the upper or lower petals; or they may form
a dark ring round the tubular part of the corolla, or
be confined to the lips of an irregular flower. In the
white varieties of many flowers, such as of Digitalis
purpured, 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.
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Sprengel’s notion of the use of these marks as guides
appeared to me for a long time fancifal ; for insects,
without such aid, readily discover and bite holes
through the mectary 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
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 I have repeatedly observed that when the flowers
vary so as to become peloric or regular, they lose their
nectaries and at the same time the dark marks.
‘When the nectary is only partially aborted, only one
of the upper petals loses its mark. Therefore the nec-
tary and these marks clearly stand in some sort of close
relation to one another ; and the simplest view is that
they were developed together for a special purpose;
the only conceivable one being that the marks serve as
a guide to the nectary. It is, however, evident from
what has been already said, that insects could discover
the nectar without the aid of guiding marks. They
are of service to the plant, only by aiding insects to

* ¢ British Wild Flowers in relation to Insccts, 1875, p. 44.
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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
paramount importance.

The odours emitted by flowers attract insects, as I
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.* Not a few flowers are both
conspicuous and odoriferous. Of all colours, white is
the prevailing one; and of white flowers a considerably
larger proportion smell sweetly than of any other
colour, namely, 146 per cent.; of red, only 8°2 per
cent. are odoriferous.t The fact of a larger proportion
of white flowers smelling sweetly may depend in part
on those which are fertilised by moths requiring the
double aid of conspicuousness in the dusk and of
odour.  So great is the economy of nature, that most
flowers which are fertilised by crepuscular or nocturnal
insects emit their odour chiefly or exclusively in the
evening. Some flowers, however, which are highly
odoriferous depend solely on this quality for their fer-
tilisation, such as the night-flowering stock (Hesperis)
and some species of Daphne; and these present the
rare case of flowers which are fertilised by insects being
obscurely coloured.,

The storage of a supply of nectar in a protected place
is manifestly connected with the visits of insects. So
is the position which the stamens and pistils oceupy,

* ¢Enstehung, &c., der Natur- nnd by Sohfibler eod Kohler

hist. Art? 1863, p. 98 not seen their original
+ The colours and odours of Wolkx, iy very full abstract
the flowers of 4200 species Jore & given in Loudon's ‘ Gardener’s

been tabulated by Landgrabe, —Mag. vol. xiii, 1837, p. 367.
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either permanently or at the proper period through
their own movements ; for when mature they mnmnblv
stand in the pnth\my leading to the nectary. The
shape of the mectary and of the adjoining parts are
likewise related to the particular kinds of insects which
habitually visit the flowers; this has been well shown
by H. Miller by his comparison of lowland species
which are chiefly visited by bees, with alpine species
belonging to the same genera which are visited by
butterflies.*  Flowers may also be adapted to 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 exelusively 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 Orchidew
and Asclepiade, or the viscid or roughened state of
the pollen-grains of many plants, or the irritability of
their stamens which move when touched by insects, &c.,
—as all these 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 (Antirrhinum), various
Papilionaceous and Fumariaceous flowers, are in
appearance closed. It cannot be maintained that their
openness is necessary for fertility, as cleistogene flowers
which are permanently closed yield a full complement
of seeds. Pollen contains much nitrogen and phos-

* “Nature! 1874, p. 110; 175, o Belt, ¢ The Naturalist in Ni-
P-190; 1576, pp. 210, 289: agua,” 1874, p. 182,
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phorus—the two most precious of all the elements for
the growth of plants—but in the case of most open
flowers, a large quantity of pollen is consumed by
pollen-devouring insects, and a large quantity is
destroyed during long-continued rain. With many
plants’ this latter evil is guarded against, as far as
is possible, by the anthers opening only during dry
weather,"—by the position and form of some or all of
the petals,—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
0 many ways, the anthers produce a far larger amount
than is necessary for the fertilisation of the same flower.
T know this from my own experiments on Ipomeea,
given in the Introduction; and it is still more plainly
shown by the astonishingly small quantity produced
by cleistogene flowers, which lose none of their pollen,
in comparison with that produced by the open flowers
bomne by the sume 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 Pwony 3,654,000 grainsf The editor
of the ¢ Botanical Register’ counted the ovules in the
flowers of Wistaria sinensis, and carefully estimated

* Mr. Blackloy observed that
the ripe anthers of rye did not
dehisco whilst kept under a bell-
glass in a damp atmosphere,
Whilst other anthers exposed to
the sume temperature in the open
air dehisced freely. He also found
much more pollen adhering to
the sticky slides, which were
attached {o kites and sent high

up in the atmosphere, during the
first fine and dry days after wet
weather, than at ofher times:
¢ Experimental _Rescarches on
Hay Fever,’ 1873, p. 127.

f ¢ Die Schutzmittel des Pol-
lens,’ 1873,

1 Annals and Mag. of Nat.
Hist. vol. viii. 1842, p. 108,

@ The Complete Work of Charles Darwin Online




Cmar. X, MEANS OF CROSS-FERTILISATION. 377

the number of pollen-grains, and he found that for each
ovule there were 7,000 grains.*  With Mirabilis, three
or four of the very large pollen-grains are sufficient to
fertilise an ovule; but I do not know how many grains
a flower produces. With Hibiscus, Kolreuter found
that sixty grains were necessary to fertilise all the ovules
of a flower, and he caleulated that 4863 grains were
produced by a single flower, or eighty-one times too
many. With Gewn wbanum, however, according to
Giirtner, the pollen is only ten times too much.t As
we thus see that the open state of all ordinary flowers,
and the consequent loss of much pollen, necessitate the
development of so prodigious an excess of this precious
substance, why, it may be asked, are flowers always left
open? As many plants exist thronghout the vegetable
kingdom which bear cleistogene flowers, there can
hardly be a doubt that all open flowers might easily
haye been converted into closed ones. The graduated
steps by which this process could have been effected
may be seen at the present time in Lathyrus nissolia,
Biophytum sensitivum, and several other plants. The
answer to the above question obviously is, that with
permanently closed flowers there could be no eross-
fertilisation.

The frequency, almost regularity, with which pollen
is transported by insects from flower to flower, often
from a considerable distnnce, well deserves attention.}

> Quoted in * Gard. Ohron’
1846, p. 771
+ Klreuter,  Vorliufige Nach-
richt 1761, p. 9. Giirtner, it
Togo zur Kéuntniss? &,
1 An experiment m
reuter (‘Forksct-\mg, . 1763,
B 60 aforls o evidenco on
cad, ~ Hibiscus vesicarius is
1 dichogamous, its pollen
bvmg shed before the stigmas aro

matnre. Kolreuter marked 310
flowers,

ey were
ilmmughly lemlued and he left
the same number of other flowers

ts: the flowers which he
had fertilised with such astonish-
ing eare produced 11,257 sceds,
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This is best shown by the impossibility in many cases
of raising two varieties of the same species pure, if they
grow at all near together; but to this subject T shail
presently return; also by the many cases of hybrids
which have appeared spontancously both in gardens and
a state of nature. With respect to the distance from
which pollen is often brought, no one who has had any
experience would expect to obtain pure cabbage-seed,
for instance, if a plant of another variety grew within
two or three hundred yards. An aceurate ohserver,
the late Mr. Masters of Canterbury, assured me that
he once had his whole stock of seeds « seriously affected
with purple bastards,” by some plants of purple kale
which flowered in a cottager’s garden at the distance of
half a mile ; no other plant of this variety growing any
nearer.”  But the most striking case which has been re-
corded is that by M. Godron,t who shows by the nature
of the hybrids produced that Primula grandiflora must
have been crossed with pollen brought by bees from
P. officinalis, growing at the distance of above two
kilometres, or of about one English mile and a quarter.

All those who have long attended to hybridisation,
insist in the strongest terms on the liability of castrated
flowers to be fertilised by pollen brought from distant
plants of the same species.t The following case shows

whilst those left fo the iusects the proper position for fertilising
produced 1086 ; that is, aless  the flowers of this species, on an
number by only'351; and this island in Derwentwater, at the

small inferiority is fully accounted distance of half a mile from any

for by the insects uot having place where this plant grow :
worked during some_days, when ¢ Nuture, 1572, p. 393,

the weather was cold with con- 1 ‘Revue des Sc. Nat’ 1875,
tinued rai . 33

1.

* Mr. W. O. Marshall caught - § See, for instance, the remarks
1o less than seven specimens of & by Hetbert, ¢ Amaryllidacem,
moth (Cuenllia umbratica) with 1837, p. 349, Also Gartner's
he pollinia.of the butterfly-oreliis  strong expressions on this subject
(Habenaria chloranchsy Sticking  in his * Bastarderzeugung,’ 154,
to their eyes, and, therefore, in  p. 670; aud *Kenntuiss der Bo-
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this in the clearest manner: Giirtner, before he had
gained much experience, castrated and fertilised 520
flowers on various species with pollen of other genera
or other species, but left them unprotected ; for, as he
says, he thought it alaughable idea that pollen should
be brought from flowers of the same species, none of
which grew nearer than between 500 and 600 yards.*
The result was that 289 of these 520 flowers yielded no
seed, or none that germinated ; the seed of 29 flowers
produced hybrids, such as might have been expected
* from the nature of the pollen employed ; and lastly,
the seed of the remaining 202 flowers produced per-
fectly pure plants, so that these flowers must have
been fertilised by pollen brought by insects from a
distance of between 500 and 600 yardst 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 Girtner, 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.}

fruchtung,’ 1844, pp. 510, 57:

Henschel’s  experiments

Also Lecog, * De Ja Fécondation,’
&e., 1843, p. Some statements.
bave been published during late
years of the extraordinary ten-
dency of hybrid plants to revert
0 their parent forms; but as it is
not said how the flowers were
protected from inscets, it may be
suspectod that they were often
fertilised_with pollen brought
from @ distance from the parent-
i

mtniss der Befruchtung,
PD. 539, 550, 575, 576.

1

(quoted by Giirtner, ¢ Kenntniss,’
&e., p. 574), which are worthless
in ‘all other respects, likewise
show how largely flowers are in-
tercrossed by insects. Ho cas-
trated many flowers on_thirty-
soven species, belonging to twenty-
two genera, and i
stigmas eithier no pollen, or pollen
from distinet genera, yet they all
seeded,and all the secdlings raised
from them were of course pure.

4 *Kenntniss,’ &e. pp. 535, 576,
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From the various facts now given, it is evident that
most flowers are adapted in an admirable manner for
cross-fertilisation.  Nevertheless, the greater n\\mber
likewise présent which are if
adapted, though not in so striking a manner, for el
fertilisation. The chief of these is their hermaphrodite
condition ; that is, their including within the same
corolla both the male and female reproductive organs.
These often stand close together and are mature at
the same time; so that pollen from the same flower
cannot fail to be deposited at the proper period on the
stigma.  There are also various details of structure
adapted for self-fertilisation.* Such structures are
best shown in those curious cases discovered by H.
Miller, in which a species exists under two forms,—
one bearing conspicuous flowers fitted for cross-fertilisa-
tion, and the other smaller flowers fitted for self-fer-
tilisation, with many parts in the latter slightly
modified for this special purpose.t

As two objects in most respects opposed, namely,
cross-fertilisation and self-fertilisation, have in many
cases to be gained, we can understand the co-existence
in so many flowers of structures which appear at first
sight unnecessarily complex and of an opposed nature.
‘We can thus understand the great contrast in structure
between cleistogene flowers, which are adapted exclu-
sively for self-fertilisation, and ordinary flowers on the
same plant, which are adapted so as to allow of at least

oceasional cross-fertilisation. The former are always

*H Mullex,-DmBermhlung,
&e. p.

+ " Nataro: 1673, pp. 44, 493,
1 Fritz Miller has discove

in"the snimal kin dom (‘Je-

naische Zeitschr. B. 51)

a case curionsly analogous fo e

of the plants which bear cleis-
togene and perfect flowers. He
finds in the nests of Termifes, in
Brazil, males and females with
imperfect wings, which do not
leave the nests and propagate the
species in o cleistogene manner
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minute, completely closed, with their petals more or
less rudimentary and never brightly coloured ; they
never secrete néctar, never are odoriferous, have very
small anthers which produce only a few grains of pollen,
and their stigmas are but little developed. Bearing
in mind that some flowers are cross-fertilised by the
wind (called anemophilous by Delpino), and others
by insects (called entomophilous), we can further
understand, as was pointed out by me several years
ago,* the great contrast in appearance between these
two classes of flowers. Anemophilous flowers resemble
in many respects cleistogene flowers, but differ widely
in not being closed, in producing an extraordinary
amount of pollen which is always incoherent, and
in the stigma often being largely developed or
plumose.  We certainly owe the beauty and odour of
our flowers and the storage of a large supply of honey
to the existence of insects.

On the Relation between the Structure and Conspicuous-
ness of Flowers, the Visits of Insects, and the Advan-
tages of 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 isin most cases

but onlyif a fully-developed queen

after swarming does ot enter

almost i by a host
of enemies, so that a qucen may
often fuil to enter an old nest;
and then the imperfectly deve-

individuals from dis-
finct nests can hardly fail often

to infercross. In the act of
swarming they are destroyed in

loped malesand females propagate
and keep up the stock.

* “Journal of Linn. Soe. vol.
il Bot. 1863, p. 77.
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an incidental result, or has not been specially acquired
for the sake of preventing self-fertilisation. On the
other hand, there can hardly be a doubt that dichogamy,
which prevails according to Hildebrand* in the greater
number of species,—that the heterostyled condition of
certain plants,—and that many mechanical structures
—have all been acquired so as both to check self-
fertilisation and to favour eross-fertilisation. The
means for favouring cross-fertilisation must have been
acquired before those which prevent self-fertilisation ;
as it would manifestly be injurious to a plant that
its stigma should fail to receive its own pollen,
unless it had already become well adapted for receiv-
ing pollen from another individual. It should be
observed that many plants still possess a high power
of self-fertilisation, although their flowers are excel-
lently constructed for cross-fertilisation—for instance,
those of many papilionaceous species.

It may be admitted as almost certain that some
structures, such as a narrow elongated nectary, or a
long tubular corolla, have been developed in order
that certain kinds of insects alone should obtain the
nectar. These insects would thus find a store of nectar
preserved from the attacks of other insects; and
they would thus be led to visit frequently such
flowers and to carry pollen from one to the other.t
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 Tropwolum minus has a long
nectary and an irregular corolla, whilst Limnanthes

* ¢Die Geschlchter Vertheil- on_this subject by H. Miiller,
ungy &e. p. 52 1 + Die Befruchtung.” &c. p. 431.
+ See the interesting discussion
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douglasii has a regular flower and no proper nectary,
yet the crossed seedlings of both species are to the
self-fertilised in height as 100 to 79. Salvia coccinea
has an irregular corolla, with a curious apparatus by
which insects depress the stamens, while the flowers
of Ipomeea are regular; and the crossed seedlings of
the former are in height to the self-fertilised as
100 to 76, whilst those of the Ipomea are as 100 to
77. Fagopyrum is dimorphic, and Anagallis collina is
non-dimorphic, and the crossed seedlings of both are
in height to the self-fertilised as 100 to 69.
With all Europ plants, the

tively rare anemophilous kinds, the posnlulxty of
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
visited must be capable of self-fertilisation, otherwise
they would quickly become extinet.* There is, how-
ever, some liability to error in forming a judgment
on this head, from the extreme difficulty of ascertain-
ing whether flowers which are rarely or never visited
during the day (as in the above given case of Fumaria
capreolata) are mot visited by small nocturnal Lepi-
doptera, which are known to be strongly attracted by
sugar.f The two lists given in the early part of
this ChB.p!f‘l‘ _support Miller’s conclusion that small
and i P flowers are pletely self-fertile ;

* ¢ Befruchtung, &e., p. 426. collector of Noctuw, come very

* Nature, 1578, p. 435, freely to suzr, and no doutt
In answer fo o question by  naturally visit flowers:” the ‘En-

me, the editor of an tomologists' Weekly

journal writes — The Depres- 1860, p. 103.

tarie, a5 is notorious to every
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for only eight or nine out of the 125 species in the
two lists come under this head, and all of these were
proved to be highly fertile when insects were excluded.
The singularly inconspicuous flowers of the Fly
Ophrys (0. muscifera), as I have elsewhere shown, are
rarely visited by insects ; and it is a strange instance of
imperfection, in contradiction to the above rule, that
these flowers are not self-fertile, so that a large pro-
portion of them do not produce seeds. The converse
of the rule that plants bearing small and inconspicuous
flowers are’self-fertile, namely, that plants with large
and conspicuous flowers are self-sterile, is far from true,
as may be seen in our second list of spontaneously
self-fertile species ; for this list includes such species as
Ipoma._purpurea, Adonis wstivalis, Verbascum thapsus,
Pisum sativum, Lathyrus odoratus, some species of
Papaver and of Nymphea, and others,

The rarity of the visits of insects to small flowers,
does not depend her on their i
but likewi: the ak i
for the flowers of Tnfvlmm arvense are extreme]y
small, yet are incessantly visited by hive and humble-
bees, as are the small and dingy flowers of the
asparagus.  The flowers of Linaria eymbalaria are
small and not very conspicuous, yet at the proper time
they are freely visited by hive-bees. 1 may add that,
according to Mr. Bennett,* there is another and quite
distinet class of plants which cannot be much frequented
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

* ¢ Nuture,’ 1869, p. 11,
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for the sake of guiding insects to them is highly
probable or almost certain ; but it may be asked, have
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 size and colour of the
corolla are both extremely variable characters, and it
can hardly be doubted that if large and brightly-
coloured flowers were advantageous to any species,
these could be acquired through natural ~selection
within a moderate lapse of time, as indeed we see with
most alpine plants. Papilionaceons flowers are mani-
festly constructed in relation to the visits of insects,
and it seems improbable, from the usual character of
the group, that the progenitors of the genera Vicia
and Trifolium produced such minute and unattractive
flowers as those of V. hirsuta and T. procumbens. We
are thus led to infer that some plants either have not
had their flowers increased in size, or have actually
had them reduced and purposely rendered incon-
spicuous, so that they are now but little visited by
insects. 1In either case they must also have acquired
or retained a high degree of self-fertility.

If it became from any cause advantageous to a spe-
cies to have its capacity for self-fertilisation increased,
there is little difficulty in believing that this conld
readily be effected; for three cases of plants varying
in such a manner as to be more fertile with their own
pollen than they originally were, occurred in the
course of my few experiments, namely, with Mimulus,
Ipomeea, and Nicotiana. Nor is there any reason to
doubt that many kinds of plants are capable under
£ Bl f i 1 1

o

2o
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for very many generations by self-fertilisation. This
is the case with the varieties of Pisum sativum and
of Lathyrus odoratus which are cultivated in England,
and with Oplirys apifera and some other plants in a
state of nature. Nevertheless, most or all of these
plants retain structures in an efficient state which
cannot be of the least use excepting for cross-
fertilisation. We have also seen reason to suspect
that self-fertilisation is in some peculiar manner bene-
ficial to certain plants; but if this be really the case,
the benefit thus derived is far more than counter-
balanced by a cross with a fresh stock or with a
slightly different variety.

Notwithstanding the several just
advanced, it scems to me highly improbable that
plants bearing small and inconspicuous flowers have
been or should continue to be subjected to self-
fertilisation for a long series of generations. I think
s0, not from the evil which manifestly follows from
self-fertilisation, in many cases even in the first gene-
ration, as with Viola tricolor, Sarothamnus, Nemo-
phila, Cyclamen, &c.; nor from the probability of the
evil increasing after several generations, for on this
latter head I have not sufficient evidence, owing to the
manner in which my experiments were conducted. But
if plants bearing small and inconspicuous flowers were
not occasionally intercrossed, and did not profit by the
process, all their flowers would probably have been
rendered cleistogene, as they would thus have largely
benefited by having to produce only a small quantity
of safely-protected pollen. In coming to this con-
elusion, I have been guided by the frequency with
which plants belonging to distinct orders have been
rendered cleistogene. But I can hear of no instance
of a species with all its flowers rendered permanently
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cleistogene. Leersia makes the nearest approach to
this state; but as already stated, it has been known
to produce perfect flowers in one part of Germany.
Some other plants of the cleistogene class, for instance
Aspicarpa, have failed to produce perfect flowers during
several years in a hothouse; but it does not follow that
they would fail to do so in their native country, any
more than with Vandellia, which with me produced
only cleistogene flowers during certain years, Plants
belonging to this class commonly bear both kinds of
flowers every season, and the perfect flowers of Viola
canina yield fine capsules, but only when visited by
bees. We have also seen that the seedlings of Ononis
minutissima, raised from the perfect flowers fertilised
with pollen from another plant, were finer than those
from self-fertilised flowers; and this was likewise the
case to a certain extent with Vandellia. As therefore
no species which at one time bore small and incon-
spicuous flowers has had all its flowers rendered
cleistogene, I must believe that plants now bearing
small and inconspicuous flowers profit by their still
remaining open, so as to be occasionally intercrossed
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 hm-mg seen the 1mpomnce of the subject.*

* Some of the species of Sola-  num) do not intercross when they

num would be good ones for such
experimants, foe they are sid by
H. Milller (* Befruehtung,’ p,

f0'bo unattractive to inecets rm

are cultivated near together ; b..z
it should be remembered ' tha

these are not endemic !pecm
On the other hand, the flowers of

much pollen, and ot b\mg very

us. i

{8 that, nccording to Verlot ( Pro-
duction ﬂluvuletns, 1865, p.

the varieties of aubergines

i e (opecies of ola-

potato (5. tuberosum),
though they do not secrete neetar
(Kurr, < Bedeutung der Nekta-
rien, 1833, p. 40), yet cannot be
considered as inconspicuous. and

ey are_sometimes visited by
lhplm (Miiller) and, as I have

2¢2
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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 varieties were greatly benefited by a
cross with a fresh stock or with a slightly different
variety ; and this likewise was the case with the
cultivated varieties of Pisum sativum and Lathyrus
odoratus, which have been long propagated by self-
fertilisation. Therefore until the contrary is distinctly
proved, I must believe that as a general rule small and
inconspicuous flowers are oceasionally intercrossed by
insects ; and that after long-continued self-fertilisation,
if they are crossed with pollen brought from a plant
growing under somewhat different conditions, or
descended from one thus growing, their offspring
would profit greatly. It cannot be admitted, under
our present state of knowledge, that self-fertilisation
continued during many successive generations is ever
the most beneficial method of reproduction.

The Means which 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 distinet individuals, and not merely
between the flowers on the same plant, would generally

seen, by humble-bees. Tinz-  bear seed when fertilised with
munn (a8 quoted in ‘ Gardeners'  pollen from the same variety, but.
Chronicle; 1546, p. 183) found wero fertile with that from an-
that some of the varicties did not other variety.
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or often be effected by some reans. The fact of hees
and of some Diptera visiting the flowers of the same
specics as long as they can, instead of promiseuously
visiting various species, favours the intercrossing of
distinet plants. On the other hand, insects usually
search a large number of flowers on the same plant
before they fly to another, and this is opposed to cross-
fertilisation. The extraordinary number of flowers
which bees are able to search within a very short space
of time, as will be shown in a future chapter, increases
the chance of cross-fertilisation; as does the fact
that they are not able to perceive without entering a
flower whether other bees have exhausted the nectar.
For instance, H. Miiller found* that four-fifths of the
Hflowers 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 aseending a mountain
the individuals of the same species do not commonly
disappear near its upper limit quite gradually, but
rather abruptly. This fact can hardly be explained
by the nature of the conditions, as these graduate away
in an insensible manner, and it probably depends in
large part on vigorous seedlings being produced only
as high up the mountain as many individuals can
subsist together.,

With respect to dicecions plants, distinct individuals
must always fertilise each other. With moncecious
plants; as pollen has to be carried from flower to flower,
there will always be a good chance of its being carried
from plant to plant. Delpino has also observed t the

sservazioni, &e., pirt

* ‘Die Befruchtung, &c. p. “Ult. 0
31 il. fase. i, p. 337,
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curious fact that certain individuals of the monccious
walnut (Juglans regia) are proterandrous, and others
proterogynous, and these will reciprocally fertilise each
other. Soitis with the common nut (Corylus avellana),*
and, what is more surprising, with some few her-
maphrodite plants, as observed by H. Miiller.t These
latter plants cannot fail to act on each other like
dimorphic or trimorphic species, in which the union
of two individuals is necessary for full and normal
fertility. With ordinary hermaphrodite species, the
expansion of only a few flowers at the same time is one
of the simplest means for favouring the intercrossing of
distinet individuals; but this would render the plants
less conspicuous to insects, unless the flowers were of
large size, as in the case of several bulbous plants.
Kerner thinks{ that it is for this object that the
Australian Villarsia parnassifolia produces daily only
a single flower. Mr. Cheeseman also remarks§ that
as certain Orchids in New Zealand which require
insect-aid for their fertilisation bear only a single
flower, distinet plants cannot fail to intercross.
Dichogamy, which prevails so extensively throughout
the vegetable kingdom, much increases the chance of
distinet individuals i ing. With p d
species, which are far more common than pro-
terogynous, the young flowers are exclusively male
in function, and the older ones exclusively female;
and as bees habitually alight low down on the spikes
of flowers in order to erawl upwards, they get dusted
with pollen from the uppermost flowers, which they
carry to the stigmas of the lower and older flowers
on the next spike which they visit. The degree to

* ¢Nature,’ 1875, p. 1 ‘Die B:lmlzmmd‘&c

+ ¢Die mfmcm.mg' "% pp. § *Transact. New Zealand In-
235, 839, stitute; ol v. 1873, p. 596,
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which distinet plants will thus be intercrossed 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 insects
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 distinct flowers, has hitherto
been hardly recognised.

In some few cases the special movements of certain
organs almost ensure pollen being carried from plant
to plant. Thus with many orchids, the pollen-masses
after becoming attached to the head or proboscis of an
insect do not move into the proper position for striking
the stigma, until ample time has elapsed for the insect -
to fly to another plant. With Spiranthes 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 Miiller.

We now come to a far more general and therefore
more important means by which the mutual fertilisation
of distinet plants is effected, namely, the fertilising
power of pollen from another variety or individual
being greater than that of a plant’s own pollen. The
simplest and best known case of prepotent action
in pollen, though it does not bear directly on our
present subject, is that of a plant’s own pollen over that
from a distinet species. If pollen from a distinet species
be placed on the sﬁgma of a castrated flower, and then

* ¢The Various Contrivances Ordm‘h are fertilised,’ 1st, edit.
by which British and Foreign p. 128,
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after the interval of several hours, pollen from the same
species be placed on the stigma, the effects of the
former are wholly obliterated, excepting in some rare
cases. If two varieties are treated in the same manner,
the result is analogous, though of directly opposite
nature ; for pollen from any other variety is often or
generally prepotent over that from the same flower. T
will give some instances : the pollen of Mimulus luteus
regularly falls on the stigma of its own flower, for the
plant is highly fertile when insects are excluded. Now
several flowers on a remarkably constant whitish variety
were fertilised without being castrated with pollen from
a yellowish variety ; and of the twenty-eight seedlings
thus raised, every one bore yellowish flowers, so that
the pollen of the yellow variety completely overwhelmed
“that of the mother-plant. Again, Iberis umbellata is
spontaneously self-fertile, and I saw an abundance of
pollen from their own flowers on the stigmas ; neverthe-
less, of thirty seedlings raised from non-castrated flowers
of a crimson variety crossed with pollen from a pink
variety, twenty-four bore pink flowers, like those of the
male or pollen-bearing parent.

In these two cases flowers were fertilised with pollen
from a distinet variety, and this was shown to be
prepotent by the character of the offspring. Nearly
similar results often follow when two or more self-fertile
varieties are allowed to grow near one another and are
visited by insects. The common cabbage produces a
large number of flowers on the same stalk, and when
insects are excluded these set many capsules, moderately
rich in seeds. I planted a white Kohl-rabi, a purple
Kohl-rabi, a Portsmouth 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
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all five beds were lised in the most li d
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
repented the experiment by planting near together
two varieties of cabbage with purple-green and white-
green lacinated leaves; and of the 825 seedlings
mised from the purple-green variety, 165 had white-
green and 160 purple-green leaves. Of the 466 sced-
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
large 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.t

* A writer in the ‘Gardeners' the seeds of the former. The
Chronicle’ (1855, . 750) says  result was that scarcely
that he planted a 1o of turnips  ling was truc to its kind, and

(Brassica rapa; and of rape (B. several closely resembled rape.
napus) close together, and sowed  + Dubiamel, as quoted by God-

d-
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The onion produces a large number of flowers, all
crowded together into a large globular head, each
flower haying six stamens; so that the stigmas receive
plenty of pollen from their own and the adjoining
anthers. Consequently the plant is fairly self-fertile
when protected from insects. A blood-red, silver,
globe and Spanish onion were planted near together;
and seedlings were raised from each kind in four
separate beds. 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 :
I refer here only to species which are capable of
fertilising themselves, for if this be not the case, they
would of course be liable to be crossed by any other
variety growing near. Horticulturists do not commonly
distinguish between the effects of variability and inter-
crossing ; but I have collected evidence on the natural
crossing of varieties of tl\e tuhp, hyacmth anemone,

lus, strawberry, range,
rthododendron and rhubmb all of which plants I be].\eve
to be self- femle \Iuch other indirect evidence could

Ton, ¢ De I'Espiee;’ tom, i
makes an_analogous  statement
with rospeet o this plant.

respect to tulips_and
i e b
“De PEspice,’ tom. For
anemones, * Gard. Chron. 1859,
P. 98, For strawherries, see Her.
bert in ‘ Transact. of Hort. Soc.’
vol. iv. p. 17. The same observer
elsewhere speaks of the sponta-
neous crossing of rhododendrons.
Gallesio makes the same stafe-
‘ment with respect to oranges. I

i.p.50, have myself known extensive

erossing o oceur with the common
rhubarb. For Leptosiphon, Verlot,
“Des Variétés, 1865, . 20. T have
not. included in my list the Car-
nation, Nemophila, or Antir-
rhinun, the varicties of which are
Jknown 'to cross freely, because
these plants aro not always self-
fertile, w nothing about.
um selfrtility of Trollins (Le-

In Fécondation, 1862,
P JS,, Mahonia, and Crinum, in
whicll genera the species intereross
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be given with respect to the extent to which varieties
of the same species spontaneously intercross.
Gardeners who raise seed for sale are compelled by
dearly bought experience to take extraordinary pre-
cautions against intercrossing. Thus Messrs. Sharp
“have land engaged in the growth of seed in no less
than 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 fayour of plants of the same variety inter-
crossing ; and it is in chief part owing to this circum-
stance, that certain villages have become famous for
pure seed of particular varieties® Only two trials
were made by me to ascertain after how long an interyal
of time, pollen from a distinct variety would obliterate
more or less completely the action of a plant’s own
pollen.  The stigmas in two lately expanded flowers on
a variety of cabbage, called Ragged Jack, were well
covered with pollen from the same plant. After an
interval of twenty-three hours, pollen from the Barly
Barnes Cabbage growing at a distance was placed on
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 ;
but 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
largely. With respect fo Mahonia,

it is now scarcely possible to pro-
cure in_this country pure speci-
mens of M. aquifolium or repens;
and the various species of Crinum
sent by Herbert (- Amaryllidacea,”
p- 82) to Caleutta, crossed there

50 fireely that pure seed could not
be save

* With respect fo Messrs. Sharp,
see ¢ Gardeners’ Chronicle,’ 1856,
p-825. Lindley's‘ Theory of Hor-
ticulture, p. 319.

@ The Combplete Work of Charles Darwin Online



396 MEANS OF CROSS-FERTILISATION.  Cuar.X.

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
the cowslip. From the flowers thus treated thirty
seedlings were raised, and all these without exception
bore reddish flowers; so that the effect of the plant’s
own pollen, though placed on the stigmas twenty-
four hours previously, was quite destroyed by that of
the red variety. It should, however, be observed that
these plants are dimorphic, and that the second union
was a legitimate one, whilst the first was illegitimate ;
but flowers illegitimately fertilised with their own pollen
yield a moderately fair supply of seeds.

We have hitherto considered only the prepotent
fertilising power of pollen from a 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
insects are excluded ; and this implies that their stigmas
must receive their own pollen ; nevertheless, most of
the seedlings which were raised by fertilising the non-
castrated flowers of these fifteen species with pollen
from another plant were greatly superior, in height,
weight, and fertility, to the self-fertilised offspring.*

* These fifteen species consistof  and Iutea, Limnanthes douglasii,
Brassica oleracea, Reseda odorata  Papaver vagum, Viscaria oculata
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Tor instance, with Ipomea purpurea every single inter-
crossed plant exceeded in height its self-fertilised
opponent until the sixth generation ; and so it was
with Mimulus luteus until the fourth generation. Out
of six pairs of crossed and self-fertilised cabbages, every
one of the former was much heavier than the latter.
With Papaver vagum, out of fifteen pairs, all but
two of the crossed plants were taller than their self-
fertilised opponents. Of eight pairs of Lupinus luteus,
all but two of the crossed were taller; of eight pairs
of Beta vulgaris all but one ; and of fifteen pairs of Zea
mays all but two were taller. Of fifteen pairs of Lim-
nanthes douglasii, and of seven pairs of Lactuca sativa,
every single crossed plant was taller than its self-fer-
tilised opponent. It should also be observed that in
these experiments no particular care was taken to cross-
fertilise the flowers immediately after their expansion ;
it is therefore almost certain that in many of these
cases some pollen from the same flower will have
already fallen on and acted on the stigma.

There can hardly be a doubt that several 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
just given are applicable to them. Scarcely any result
from my experiments has surprised me so much as this
of the prepotency of pollen from a distinet individual
over each plant’s own pollen, as proved by the greater
constitutional vigour of the crossed seedlings. The
evidence of prepotency is here deduced from the

Bda o vulgarin, Lupis ltews,  Vandelia, summlarifli, Lac
a purpurea, Mimdus luteus,  tuea sativa, snd Zea mays
i S thapsus,

@ The Complete Work of Charles Darwin Online



398 MEANS OF CROSS-FERTILISATION. Cuar. X,

comparative 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 distinct 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
the effects of cross-fertilising flowers which are self-
fertile and have not been castrated, we may conclude
that pollen brought by insects or by the wind from
a distinet plant will generally prevent the action of
pollen from the same flower, even though it may have
been applied some time before; and thus the inter-
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, for instance, on a horse-
chestnut or lime-tree, an incomparably larger number

@ The Complete Work of Charles Darwin Online




Cnar. X. PREPOTENT POLLEN, 399

of flowers must be fertilised by pollen brought from
other flowers on the same tree, than from flowers on a
distinct tree. But we should bear in mind that with
the horse-chestnut, for instance, only one or two of the
several flowers on the same peduncle produce a seed ;
and that this seed is the product of only one out of
several ovules within the same ovarium. Now we know
from the experiments of Herbert and others* that if one.
flower is fertilised with pollen which is more efficient
than that applied to the other flowers on the same
peduncle, the latter often drop off; and it is probable
that this would occur with many of the self-fertilised
flowers on a large tree, if other and adjoining flowers
were cross-fertilised.  Of the flowers annually produced
by a great tree, it is almost certain that a large
number would be self-fertilised ; and if we assume
that the tree produced only 500 flowers, and that this
number of seeds were requisite to keep up the stock,
so that at least one seedling should hereafter struggle
to maturity, then a large proportion of the seedlings
would necessarily be derived from self-fertilised seeds.
But if the tree annually produced 50,000 flowers, of
which the self-fertilised dropped off without yielding
seeds, then the cross-fertilised flowers might yield
seeds in sufficient number to keep up the stock, and
most of the seedlings would be vigorous from being
the product of a cross between distinct individuals.
In this manner the production of a vast number of
flowers, besides serving to entice numerous insects and

p for the accidental d 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

* *Variation under Domestication,’ ch. xvii. 2ud edit. vol. ii. p. 120.
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in the spring, we should not falsely accuse nature of
wasteful expenditure, though comparatively little fruit
is produced in the autumn,

Anemophilous Plants.—The nature and relations of
plants which are fertilised by the wind have been
admirably discussed by Delpino* and H. Miiller; and
I have already made some remarks on the structure of
their flowers in contrast with those of entomophilous
species. There is good reason to believe that the first
plants which appeared on this earth were cryptogamic ;
and judging from what now occurs, the male fertilising
element must either have possessed the power of spon-
taneous movement through the water or over damp
surfaces, or have been carried by currents of water to
the female organs. That some of the most ancient
plants, such as ferns, possessed true sexual organs there
can hardly be a doubt; and this shows, as Hildebrand
remarks,t at how early a period the sexes were separated.
As soon as plants became phanerogamic and grew on
the dry ground, if they were ever to intercross, it would
be indispensable that the male fertilising element
should be transported by some means through the
air; and the wind is the simplest means of transport.
There must also have been a period when winged
insects did not exist,and plantswould notthen have been
rendered entomophilous. Even at a somewhat later
period the more specialised orders of the H;

* Delpino, ‘Ult. Osservazioni further discusses in a very in-
sulla Dicogumia,’ part ii. fase. i. feresting manner the steps by
1870; and *Studi sopra un Lig-  which entomophilous flowers be-
naggio anemofilo,’ &. 1871, H.  came nectariferous and gradually
Miller, ‘Dic Befruchtung, &. acquired their present structure.
pp- 412, 442, Both these authors  through successive  beneficial
remark’ that plants must lave changes.

been anemoplilous before they  t * Die Geschlechter-Vertheil-
were entomophilous. H. Miller - ung,’ 1867, pp. $4-90.

@ The Complete Work of Charles Darwin Online




Cuar. X. ANEMOPHILOUS PLANTS. 401

Lepidoptera, and Diptera, which are now chiefly con-
cerned with the transport of pollen, did not exist.
Therefore the earliest terrestrial plants known to us,
namely, the Coniferse and Cycadiw, no doubt were ane-
mophilous, like the existing species of these same
groups. A vestige of this early state of things is
likewise shown by some other groups of plants which
are anemophilous, as these on the whole stand lower
in the scale than entomophilous species,

There is no great difficulty in understanding how an
anemophilous plant might have been rendered entomo-
philous. Pollen is a nutritious substance, and would
soon have been discovered and devoured by insects;
and if any adhered to their bodies it would have been
carried from the anthers to the stigma of the same
flower, or from one flower to another. One of the chief
characteristics of the pollen of anemophilous plants
is its incoherence ; but pollen in this state can adhere
to the hairy bodies of insects, as we see with some
Legumi Ericaces, 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 rhubarb (Rheum rhaponticum) is so far
in an intermediate condition, that I have seen many
Diptera sucking the flowers, with much pollen adhering
to their bodies; and yet the pollen is so incoherent,
that clouds of it are emitted if the plant be gently
shaken on a sunny day, some of which could hardly
fail to fall on the large stigmas of the neighbouring
flowers. According to Delpino and H. Miiller,* some
species of Plantago are in a similar intermediate
condition.

* Die Befruchtung, &e. p. $12.
D
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Although it is probable that pollen was aboriginally
the sole attraction to insects, and although many
plants now exist whose flowers are frequented exclu-
sively by pollen-devouring insects, yet the great
majority secrete nectar as the chief attraction. Many
years ago I suggested that primarily the saccharine
matter in nectar was excreted® as a waste product of
chemical changes in the sap; and that when the ex-
cretion happened to occur within the envelopes of a
flower, it was utilised for the Jmpommt object of
eross-ferti being quently much i
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 having heard the discussions on
this subject before the Horticultural Society, he feels
no doubt on this head. The leaves, as well as the
cut stems, of the manna ash (Frawinus ornus) secrete
in a like manner saccharine matter.t According to
Treviranus, so do the upper surfaces of the leaves of
Carduus arctioides during hot weather. Many ana-
logous facts could be given.i There are, however,
a considerable number of plants which bear small
glands § on their leaves, petioles, phyllodia, stipules,

* Nectar was regurded by
De Candolle and Dunal
ey o satol iy Mustingt

m‘Almu, des Se. Nat 1872, tom. 1874, To these may be added

xiv. p.
3§ Pliand: Chon. 1876, . 242,
Kurr, * Untersuchungen iiber
die Bedeuung der Neklarien,
1838, p. 1

those given in my text, as well
a5 the excretion of saccharine
matter from the calyx of two
species of Iris, and from the brac-

of certain Crehidese : sce Kurr,
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bractes, or flower peduncles, or on the outside of their
calyx, and these glands secrete minute drops of a sweet
fluid, which is eagerly sought by sugar-loving insects
such as ants, hive-bees, and wasps. In the case of
the glands on the stipules of Vicia sativa, the exere-
tion manifestly depends on changes in the sap, con-
sequent on the sun shining brightly ; for Irepeatedly
observed that as soon as the sun was hidden behind
clonds the secretion ceased, and the hive-bees left the
field; but as soonas the sun broke out again, they
returned to their feast.* Thave observed an analogous
fact with the secretion of true nectar in the flowers of
Lobelia erinus.

Delpino, however, maintains that the power of
secreting a sweet fluid by any extra-floral organ has
been in every case specially gained, for the sake of
attracting ants and wasps as defenders of the plant

‘Bedr\lmng dor Nektarien; 1833, of Prumus avium are ot deve-
25,25, Belt also refers (¢ at a very early yet
! p. 24) to & s 'K::runya;y ‘ﬁ;.
i by ‘homologous wit

Rolgers D o Toueh noie: the, same, leavee, us hown by
secreted from the buses of the their structure and by transition-
flower-pedunclesof Vanilla, Link  forms; for the lowest serrations
says that the only exampie of a  on the blades

see

emoir bearing on this sub-
jock has ntely ppased by Reiuks

* Gittingen Nachrichten,’ 1873,
P. 825), who shows that in many

plants the tips of the serrations dmp- of fluid an tho tipules
Ba'the leaven in tho bud bear The larger drops tasted sweet.
glands which secrelo ooly at & The hivesbees never oven looked

carly age, and which pen
The same morphologioal structiro  at the fame imo; whilst two
as true neetar-secreting glands. ies of humble-bécs neglocted
Ho further shows that tiie 1 ctar- cﬁ“-upm« and visited ouly the
scoreting glands on the petioles
2D 2
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against their enemies; but I have never seen any
reason to believe that this is so with the three species
observed by me, namely, Prunus laurocerasus, Vicia
sativa. and V. faba. No plant is so little attacked by
enemies of any kind as the common bracken-fern
(Pteris aquilina); and yet, as my son Francis has
discovered, the large glands at the bases of the fronds,
but only whilst young, excrete much sweetish fluid,
which is eagerly sought by innumerable ants, chiefly
belonging to Myrmica; and these ants certainly do
not serve as a protection against any enemy. Delpino
argues that such glands ought not to be considered as
excretory, because if they were so, they would be
present in every species; but 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, I have not
the least doubt, from the observations of Delpino,
and more especially from those of Mr. Belt on Acacia
sphaerocephala, and on passion-flowers. This acacia
likewise produces, as an additional attraction to ants,
small bodies containing much oil and protoplasm, and
analogous bodies are developed by a Cecropia for the
same purpose, as deseribed by Fritz Miiller.*

The excretion of a sweet fluid by glands seated
outside of a flower is rarely utilised as a means for
cross-fertilisation by the aid of insects; but this occurs
with the bractee of the Marcgraviacew, as the late

* Mr. Belt has given a_most
interesting account (*The Natu-

ralist in Nicaragus,” 1874, p. 218)

‘Acacia, With respeot to tho Cer

ropi, o ¢ Nuture; 1876, p. 904,

is has desoribed the
mitzoscopioel strustare and doved
Topment of these wonderful food-
Dodies in a poes read before the
Linnean Societ
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Dr. Criiger informed me from actual observation in the
West Indies, and as Delpino infers with much acuteness
from the relative position of the several parts of their
flowers.* Mr. Farrer has also shownt that the flowers
of Coronilla are curiously modified, so that bees may
fertilise them whilst sucking the fluid secreted from
the outside of the ealyx. 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 magnifiea, which stand near
the flowers, is connected with their fertilisation.}

The amount of pollen produced by anemophilous
plants, and the distance to which it is often trans-
ported by the wind, are both surprisingly great. Mr.
Hassall found that the weight of pollen produced by u
single plant of the bulrush (Typha) was 144 grains.
Bucketfuls of pollen, chiefly of Conifere and Gra-
minew, have been swept off the decks of vessels near
the North American shore; and 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

* ¢Ult. Osservaz, Dicogamia,’
1868-69, p. 158
+ *Nature,’ 1874, p. 169.

ng. of Nat. History,' it has
been shown that ultiiouzh certain
Kinds of orchids posse-s a nectary,
0 nectar is actually seoreted by
it; but that insects penctrate the
inner_ wails and_suck -the fluid

contained in the intercellular

spaces. 1 further sugzested, in
tie case of some other orchids
which do not secrete nectar, that
insects gmawed the labellum: wnd

is sugyestion las since been
proved true. H, Miiller and Del-

ants have thickencd pe-

tals which wre sucked or gnuwed

by insects, their fertilisation being

ided. All the kuown facts

ve collected

his ‘Ult, Osserv’
875, pp. 59-65.
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similarly dusted ; and Mr. Blackley found numerous
pollen-grains, in ome instance 1200, adhering to
sticky slides, which were sent up to a height of from
500 to 1000 feet by means of a kite, and then un-
covered by a special mechanism. 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 the early part of summer
every object is thus dusted with pollen; for instance,
T 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
velvety surfaces.

The extraordinary quantity and lightness of the
pollen of anemophilous plants are no doubt both
necessary, as their pollen has generally to be carried
to the stigmas of other and often distant flowers ; for,
as we shall soon see, most anemophilous plants have
their sexes separated. The fertilisation of these plants
is generally aided by the stigmas being of large
size or plumose; and in the case of the Coniferw,
by the naked ovules secreting a drop of fluid, as
shown by Delpino.  Although the number of ane-

* For Mr, Hassall's observa-
tions see * Amnals and Mag. of
Nat. Hist." vol. viii. 1842, p. 108,
In the ‘ North American Journal
of Science,’ Jan. 1842, there is an
account of the pollen_swept off
the decks of a vessel. Riley,
*Fifth Report on_the Noxious
Tnseets of Missouri,’ 1873, p.

Kerer, ‘Die Schutzmittel des
Pollens,’ 1873, p. 6. Thi

50 covered with pollen, that the
water no longer appeared blue.
Mr. Blackley, ¢ Experimental
searches on Hay-fover,’ 1873,
pp. 12, 141-152,
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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 Coniferee and other trees, such as oaks,
beeches, birches, ashes, &ec.; and in the Graminew,
Cyperacew, and Juncacew, which clothe our meadows
and swamps ; all these trees and plants being fertilised
by the wind. As a large quantity of pollen is wasted
by anemophilous plants, it is surprising that so many
vigorous species of this kind abounding with individual
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 exi of diate forms; and

it has been effected in the group of wxlluws, as we may
infer from the nature of their nearest allies.*

It seems at first sight a still more surprising fact
that plants, after having been once rendered entomo-
philous, should ever again have become anemophilous ;
but this has occasionally though rarely oceurred, for
instance, with the common Poterium sanguisorba, as may
be inferred from its belonging to the Rosaces. Such
cases are, however, intelligible, as almost all plants
require to be occasionally intercrossed; and if any
entomophilous species ceased to be visited by insects,
it would probably perish unless it were rendered

* H. Miiller, *Die Befruchtung, &e. p. 149.
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anemophilous. ~ A plant would be neglected by insects
if mectar failed to be secreted, unless indeed a large
supply of attractive pollen was present; and from
what we have seen of the excretion of saccharine fluid
from leaves and glands being largely governed in
several cases by climatic influences, and from some
few flowers which do not now secrete nectar still
retaining coloured guiding-marks, the failure of the
secretion cannot be considered as a very improbable
event. The same result would follow to a certainty,
if winged insects ceased to exist in any district, or
became very rare. Now there is only a single
plant in the great order of the Crucifere, namely,
Pringlea, which is anemophilous, and this plant is
an inhabitant of Kerguelen Land,* where there
are hardly any winged insects, owing probably, as
was suggested by me in the case of Madeira, to
the risk which they run of being blown out to sea and
destroyed.

A remarkable fact with respect to anemophilous
plants is that they are often diclinous, that is, they are
either moncecious with their sexes separated on the
same plant, or dicecious with their sexes on distinet
plants. In the class Monceia of Linnwus, Delpino
showst that the species of twenty-eight genera are

phi and of genera phil
In the class Diwcia, 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

* The Rev. A. E. Eaton in  + “Studi sopra un Lignaggio
“Proc. Royal Soc. vol. xxiii. 1875, anemofilo delle Compositee,” 1871,
P. 351,
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wind. In the above two classes taken together there
are thirty-eight anemophilous and thirty-six ento-
mophnlous genera; whereas in the great mass of
plants the proportion of
to entomophilous gpnpm is extremely small. The
cause of this remarkable difference may be attributed
to anemophilous plants having retained in a greater
degree than the entomophilous a primordial condi-
tion, in which the sexes were separated and their
mutual fertilisation effected by means of the wind.
That the earliest and lowest members of the vegetable
kingdom had their sexes separated, as is still the case
to a large extent, is the opinion of a high authority,
Niigeli.* Tt is indeed difficult to avoid this con-
clusion, if we admit the view, which seems highly
probable, that the conjugation of the Algm and of
some of the simplest animals is the first step towards
sexual reproduction ; and if we further bear in mind
that a greater and greater degree of differentiation
between the cells which conjugate can be traced,
thus leading apparently to the development of the
two sexual formst We have also seen that as
plants became more highly developed and affixed to
the ground, they would be compelled to be anemo-
philous in order to intercross. Therefore all plants
which have not since been greatly modified, would
tend still to be both diclinous and anemophilous; and
we can thus understand the connexion between these
two states, although they appear at first sight quite

. ‘Fntlkhung und Be;;nfrr.lu Also, Engelmann, “TUcber Enf
naturhist. Art, ‘wickelung von [ul'umnun," " More

phol. Jubrbuch, B. i. p. 578,
Aleo, De: A, Do, © Die Kraus.
haar-Alge,” * Pringsheims Juhrb.
. wiss. Bot. B. x.

ersten Entwickelungsvorg
Eizelle,” &e. 1876, pp. 2
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disconnected. 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 winged insects.
So that the relationship between I phroditism and
fertilisation by means of insects is likewise to a certain
extent intelligible.

Why the descendants of plants which were originally
dicecious, and which therefore profited by always inter-
crossing with another individual, should have been
converted into hermaphrodites, may 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
evil, the greatest of all to any organism, would have
been much lessened by their becoming hermaphrodites,
though with the contingent disadvantage of frequent
self-fertilisation. By what graduated steps an herma~
phrodite condition was acquired we do not know. 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
moneeious 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
Composita, we should have an hermaphrodite flower.

There seems to be no limit to the changes which
organisms undergo under changing conditions of life ;
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and some hermaphrodite plants, descended as we must
believe from aboriginally diclinous plants, have had
their sexes again separated. That this has occurred,
we may infer from the presence of rudimentary stamens
in the flowers of some individuals, and of rudimentary
pistils in the flowers of other individuals, for example
in Lychnis dioica. But a conversion of this kind will
not have occurred unless cross-fertilisation was already
assured, generally by the agency of insects; but why
the production of male and female flowers on distinct
plants should have been advantageous to the species,
cross-fertilisation having been previously assured, is
far from 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 to
Asa Gray and Hooker, in North America and New
Zealand.* Tt is, however, doubtful how far this rule

* Ifind in the ‘London Cata-
Togue of British Plants, that there
are " thirty-two indigenous  trees
and bushes in Great_Brituin,
classed under nine families; bui
the safe side, I have

six_species of wil-
wa. OF thi thirty-iwo troes and
bushes, nineteen, or more than
half, hive their sexes separated;
and'this is an enormous propor-
tion compared with other British
plants.  New Zealand abounds
With diclinous plants and treee;

and Dr VHonhzx ulelllnle- that

out of 756 rogamic
plants mmmng e 'iilands, no
ss than 108 arc trees, belong-

ing to thirty-five families. OF
these 108 trees, fifty-cwo, or
very nearly half, hive their sexes
morc or less separated.  Of bushes
there are 149, of which sixty-
one buve thelr sexes in the sune

tate; whilst of the remuining
$00 herbapaous plante ooy 191,
or Jess than a fourth, have their
sexes sepurated.  Lastly, Prof.
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holds good generally, and it certainly does not do so
in Australia. But I have been assured that the flowers
of the prevailing Australian trees, namely, the
Myrtacew, swarm with insects, and if they are dicho-
gamous they would be practically diclinous.*  As far
as philous plants are erned, we know that
they are apt to have their sexes separated, and we can
see that it would be an unfavourable circumstance for
them to bear their flowers very close to the ground, as
their pollen is liable to be blown high up in the air;t
but as the culms of grasses give sufficient elevation,
we cannot thus account for so many trees and bushes
being diclinous. We may infer from our previous
discussion that a tree bearing numerous hermaphrodite
flowers would rarely intercross 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

Asa Gray informs me that in the
United States there are 132 native
trees (belonging to twenty-five
families) of which ninety-five (be-
longing to seventeen fmmllxeg)
e their sexes more or les:
arated, for the greater pm,
desidedly separated.”
* With respect to the Proteacem
of Australia, Mr. Bentham re-
“Journal Linn. Soc. Bot.
ii. 1871, pp. 58, 64) on the
various contrivances by which the

stigma in the several genera.
Soreoncd fiom. tho gotien of the
pollen from the same flower, For
instance, in Synaphea “ the stigma
is held by the eunuch (i.e. one
of the stamens which is barren)
safo from all pollution from her
Drother anthers, and is preserved
intact for any pollen that may be
insertel by insects and otber
agencies.”

Kerner, ¢ Schutzmittel des
Pollens, 1873, p. 4.
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self-fertilisation. But it should also be observed that
the long life of a tree or bush permits of the separation
of the sexes, with much less risk of evil from impreg-
nation oceasionally 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.

Finally, we have seen reason to believe that the
higher plants are descended from extremely low forms
which conjugated, and that the conjugating indi-
viduals differed somewhat from one another,—the one
representing the male and the other the female—so
that plants were aboriginally dicecious. At a very
early period such lowly organised dicecious plants
probably gave rise by budding to moncecious plants
with the two sexes borne by the same individual ; and
by a still closer union of the sexes to hermaphrodite
plants, which are now much the commonest form.*
As soon as plants became affixed to the ground, their
pollen must have been carried by some means from
flower to flower, at first almost certainly by the wind,
then by pollen-devouring, and afterwards by nectar-
seeking insects. 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,

Diccious plants, however fertilised, have a great

* There is a considerable duals, which represented the two
amount of evidenco that all tho inoipient sexes, On this view, tho

higher animals may now owe
their bilateral structure, with all
their organs double at an carly
hermaphroditism may not have embryonic period, to the fusion

been the result of the conjugation  or conjugation of two primordial
of two slightly different indivi-  individuals.
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advantage over other plants in their cross-fertilisation
being assured. But this advantage is gained in the
case of anemophilous species at the expense of the
production of an fluity of pollen, with
some risk to them and to eummophllmxs species of
their fertilisation occasionally failing. Half the in-
dividuals, moreover, namely, the males, produce no
seed, and this might possibly be a disadvantage.
Delpino remarks that dicecious plants cannot spread so
easily as monwcious and hermaphrodite species, for a
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. Monecious
plants can hardly fail to be to a large extent dicecious
in function, owing to the lightness of their pollen and
to the wind blowing laterally, with the great addi-
tional advantage of occasionally or often producing
some self-fertilised seeds.  When they are also di-
chogamous, they are necessarily dicecious in function.
Lastly, hermaphrodite plants can generally produce 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 absolutely prevents self-fertilisation, they are
in the same relative position to one another as
monecious or dicecious plants, with what may be an
advantage, namely, that every flower is capable of
yielding seeds.
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CHAPTER XI.

Tue Hapirs oF INSECTS IN RELATION TO THE FERTILIATION OF
Frowens.

Tnsects visit the flowers of the same species as long as they can — Cause
of this habit—Means by which bees recognise the flowers of the
same species—Sudden scerotion of neotar—Nectar of certain flowers
unattractive to certain insects—Industry of bees, and the number
of flowers visited within a short time—Perforation of the corolla
by bees—Skill shown in the operation—Hive-bees profit by the
holes made by humble-beos—Effoets of habit—The motive for per-
forating flowers to save time—Flowers growing in crowded masses
chiefly perforated.

Bees and various other insects must be directed by
instinet to search flowers for nectar and pollen, as
they act in this manner without instruction as soon as
they emerge from the pupa state. Their instincts,
however, are not of a specialised nature, for they visit
many exotic flowers as readily as the endemic kinds,
and they often search for nectar in flowers which do
not secrete any ; and they may be seen attempting to
suck it out of nectaries of such length that it cannot
be reached by them.* All kinds of bees and certain
other insects usually visit the flowers of the same species
as long as they can, before going to another species.
This fact was observed by Aristotle with respect to the

* See, on this subject, H. Miil-  Hymenoptera have inherited from
ler, * Befruchtung,’ ‘&c. p. 427; some early nectur-sucking pro-
and Sir J. Lubbock's *British genitor greater skill in robbinz
Wild Flowers,’ &c. p.20. Miller flowers than that which is dis-
assigns (‘Bienen Zeitung,’ June played by insects belonging to
1876, p. 119) good reasons for his the other Orders,
belicf that becs and many other
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hive-bee more than 2000 years ago, and was noticed
by Dobbs in a paper published in 1736 in the Philo-
sophical Transactions. It may be observed by any
one, both with hive and humble-bees, in every flower-
garden; not that the habit is invariably followed. Mr.
Bennett watched for several hours* many plants of
Lamiwm album, L. purpurewm, and another Labiate
plant, Nepeta glechoma, all growing mingled together
on a bank near some hives ; and he found that each
bee confined its visits to the same species. The pollen
of these three plants differs in colour, so that he was
able to test his observations by examining that which
adhered to the bodies of the captured bees, and he
found one kind on each bee.

Humble and hive-bees are good botanists, for they
know that varieties may differ widely in the colour of
their flowers and yet belong to the same species. T
have repeatedly seen humble-bees flying straight from
a plant of the ordinary red Dictamnus frawinella to a
white variety; from one to another very differently
coloured  variety of Delphinium consolida and of
Primula_ veris ; from a dark purple to a bright yellow
variety of Viola tricolor; and with two species of
Papaver, from one variety to another which differed
much in colour; but in this latter case some of the
bees flew indifferently to either species, although pass-
ing by other genera, and thus acted as if the two spe-
cies were merely varieties. H. Miller also has seen
hive-bees flying from flower to flower of Ranunculus
bulbosus and arvensis, and of Trifolium fragiferum
and repens; and even from blue hyacinths to blue
violets.t

Some species of Diptera or flies keep to the flowers

* ¢Natur, 1874, June 4th,  + ‘Bienen Zeitung July 1876,
p. 92. p. 183
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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 acting in
this manner with the flowers of Lychnis dioica, Ajuga
reptans, and Vicia sepium.  Volucella plumosa and Empis
cheiroptera flew straight from flower to flower of Myosotis
sylvatica.  Dolichopus nigripennis behaved in the same
manner with Pofentilla tormentilla ; and other Diptera
with Stellaria holostea, Helianthemum vulgare, Bellis
perennis, Veronica hederafolia and chamaedrys ; but some
flies 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 to

another of the same kind; and one was observed by
me crawling about within a convolvulus with four
grains of pollen adhering to its head, which were
deposited on the stigma.

Fabricius and Sprengel state that when flies have
once entered the flowers of Aristolochia they never
escape,—a statement which I could not believe, as in
this case the insects would not aid in the eross-fertili-
sation of the plant; and this statement has now been
shown by Hlldd)mml to be eroneous. As the spathes
of Arum maculatum are A with fil appa-
rently ndupted to prevent the exit of insects, they
resemble in this respect the flowers of Aristolochia; and
on examining several spathes, from thirty to sixty
minute Diptera belonging to three species were found
in some of them ; and many of these insects were lying
dead at the bottom, as if they had been permanently
entrapped. In order to discover whether the living
ones could escape and carry pollen to another plant, I
tied in the spring of 1842 a fine muslin bag tightly
round a spathe; and on returning in an hour’s time
several little flies were crawling about on the inner

2E
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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 distinctly 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. T 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, Tn
another flower little flies were crawling about, and I
saw them leave pollen on the stigmas.

I 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 flowens of the
same species, whenever these are provided with a long
and narrow nectary, as in this case other insects cannot
suck the nectar, which will thus be preserved for those
having an elongated proboscis. No doubt the Yucea
moth* visits only the flowers whenee its name is de-
rived, for a most wonderful instinet guides this moth
to place pollen on the stigma, so that the ovules may be
developed on which the larvae feed. With respect to
Coleoptera, T have seen Meligethes covered with pollen
flying from flower to flower of the same species ; and

* Deseribed 1y Mr. Riley in the ¢ American Naturalist, vol. vii.
Qct. 1873,
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this must often occur, 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. In a
flower-garden containing some plants of (Enothera, the
pollen of which can easily be recognised, I found not
only single grains but masses of it within many flowers
of Mimulus, Digitalis, Antirrhinum, and Linaria.
Other kinds of pollen were likewise detected in these
same flowers. A large number of the stigmas of a plant
of Thyme,in which the 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
distinet individuals of the same species; but no one
will suppose that insects act in this manner for the good
of the plant. The cause probably lies in insects being
thus enabled to work quicker; they have just learnt
how to stand in the best position on the flower, and how
far and in what direction to insert their proboscides.t
They act on the same principle as does an artificer
who has to make half-a-dozen engines, and who saves
time by making consecutively each wheel and part for
all of them. Insects, or at least bees, seem much in-
fluenced by habit in all their manifold operations; and

. A.quomn.mmmc.m at.  conclusion with respect to the
May 1873, p. 270, cause of insccts frequenting as
¥ Since these remarks were long asthey can the flowers of the
written, I find that H. Mii/ler has  same species: * Bienen Zeitung,”
come t0 almost exactly the sume  July 1876, p. 182.
22
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we shall presently see that this holds good in their
felonious practice of biting holes through the corolla.
It is 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 Calceolaria, bees never visited
the flowers.*  On the other hand, in some large masses of
Geranium phawm 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

* *Gardeners’ Chronicle,’ 1853,
p.53%. Kurr cut of the nectaries
from & lurge number of flowers of
several species
the greater number yielded seeds;
but insects probably would not
perceive the loss of the nectary
until they had inserted their pro-
boscides into the holes thus
formed, and_in doing so would
fertilise the flowers He also re-
moved the whole corolla from a
considerable number of flowers,
and theso likewise yielded seeds.
Flowers which are  self-fertile

would naturally produce  seeds
under these circumstances: but T
am greatly surpri-ed thiat Delpli-
nium consolida, s well us an-
other species of Delphinium, and
Viola_tricolor, should have pro-
duced a fair supply of seeds when
thus treated; but it does not ap-
pear that he compared the number
of the seeds thus produced with
those yieided by unmutilated
flowers et to the free access of
insects : cutung der Nok-
tarien, 1838, pp. 123135,
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i 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
which repeatedly passed in a direct line from one
variety to another of the same species, although they
bore very differently coloured flowers. T observed also
bees flying in a straight line from one clump of a yellow-
flowered (Enothera to every other clump of the same
plant in the garden, without turning an inch from
their course to plants of Eschscholtzia and others with
yellow flowers which lay only a foot or two on either
side. In these cases the bees knew the position of each
plant in the garden perfectly well, as we may infer by
the directness of their flight; so that they were guided
by experience and memory. But how did they discover
at first that the above varieties with differently coloured
flowers belonged to the same species? 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 I observed humble-bees flying in a perfectly
straight line from a tall larkspur (Delphinium) which
was in full flower to another plant of the same species
at the distance of fifteen yards which had not as yet a
single flower open, and on which the buds showed only
a faint tinge of blue. Here neither odour nor the
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memory of former visits could have come into play,
and the tinge of blue was so faint that it could hardly
have served as a guide.*

The conspicuousness of the corolla does not 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 Leat 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 seeing a bee at work, and then sud-
denly all the flowers were visited by many bees. Now
how did so many bees discover at once that the flowers
were 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

* A fact mentioned by H.
Miiller (*Die Befruchtung, &e,
P- S4) shows that bees

of vision and dis-
SRR IR ont ongnevi
collecting pollen from Primula
elatior invariably passed by the

flowers of the long-styled form, in

which the anthers are seated low

down in the tubular corolla et
ifference in aspect betw

the long-styled and lhml—nyled

forms is extremely slight.
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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 as
straight a line as possible, from one plant of Fraxinella
and of Linaria to another and distant one of the same
species ; although, owing to the intervention of other
plants, the two were not in sight of each other.

It would appear that either the taste or the odour of
the nectar of certain flowers is unattractive to hive or to
humble-bees, or to both ; for there seems no other reason
why certain open flowers which secrete 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. Fiven the bees from different hives sometimes
visit different kinds of flowers, as is said to be the case
by Mr. Grant with respect to the Polyanthus and Viola
tricolor.* I have known humble-bees to visit the flowers
of Lobelia, fulgens in one garden and not in another at
the distance of only a few miles. The cupful of nectar
in the labellum of Epipactis latifolia is never touched
by hive- or humble-hees, although T have seen them
flying close by; and yet the nectar has a pleasant
taste to us,and is habitually consumed by the common
wasp. As far as I have seen, wasps seek for nectar in
this country only from the flowers of this Epipactis,
Serophularia aquatica, Symphoricarpus racemosa,t and
Tritoma ; the two former plants being endemie, and
the two latter exotic. As wasps are so fond of sugar

* ¢ Gard. Chron.” 1844, p. 74, three plants are alone visited by

+ The same fact apparently —wasps: * Nettarii Extranuziali,
holds guod in Ttaly, for Delpino  Bullettino Entomologico, auno vi.
says tiat the flowers of these
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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, or, as far as T 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 I have often
observed, pass on to another flower. They work so in-
dustrionsly 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 I was able to ascertain in the case
of the males from their curious habit of calling at

* ¢Silliman’s American Journal of Science;’ Aug. 1871.
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certain fixed points, which made it easy to measure the
time taken in passing from one place to another.

With respect to the number of flowers which bees
visit in a given time, I observed that in exactly one
minute a humble-bee visited twenty-four of the closed
flowers of the Linaria cymbalaria ; another bee visited
in the same time twenty-two flowers of the Symphori-
earpus 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
frawinella were observed on the 15th of June 1841 during
ten minutes ; they were visited by thirteen humble-hees
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,
cach flower must have been visited at least thirty times
daily, and the same flower keeps open during several
days. The frequency of the visits of bees s also some-
times shown by the manner in which the petals are
seratched by their hooked tarsi; Thave seen large beds
of Mimulus, Stachys, and Lathyrus with the beauty
of their flowers thus sadly defaced.

Perforation of the Corolla by Bees—1 have already
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alluded to bees biting holes in flowers for the sake of
obtaining the nectar. They often act in this manner,
both with endemic and exotic species, in many parts of
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
insects entering the flowers, will fail to produce seed
when their nectar is stolen from the outside; and even
with those species which are capable of fertilising
themselves without any aid, there can be no cross-
fertilisation, and this, as we know, is a serious evil
in most cases. The extent to which humble-bees
carry on the practice of biting holes is surprising: a
remarkable case was observed by me near Bourne-
mouth, where there were formerly extensive heaths.
I took a long walk, and every now and then gathered
a twig of Erica tetraliz, and when I had got a handful
all the flowers were examined through a lens. This
process was repeated many times; but though many
hundreds were examined, I did not succeed in finding
u single flower which had mot been perforated.
Humble-bees were at the time sucking the flowers
through these perforations. On the following day a
large number of flowers were examined on another
heath with the same result, but here hive-bees were
sucking through the holes. This case is all the
more remarkable, as the innumerable holes had been
made within a fortnight, for before that time I saw the
bees everywhere sucking in the proper manner at the
mouths of the corolla. In an extensive flower-garden
some large beds of Salvia grahami, Stachys 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

@ The Combplete Work of Charles Darwin Online




Cuar. XL PERFORATION OF THE COROLLA. 427

flowers of Salvia glutinosa had been bitten. In the
United States Mr. Bailey says it is difficult to find a
blossom of the native Gerardia pedicularia without a
hole in it; and Mr. Gentry, in speaking of the intro-
duced Wistaria sinensis, says “ that nearly every flower
had been perforated.”*

As far as I have seen, it is always humble-bees which
first bite the holes, and they are well fitted for the work
by powerful dibles; but hive-bees after-
muv.ls proﬁt by the holes thus nnde. Dr. H. Miller,
however, writes to me that hive-bees sometimes bite
holes through the flowers of Erica tetraliz. No insects
except bees, with the single exception of wasps in the
case of Tritoma, have sense enough, as far as I have
observed, to profit by the holes already made. Even
humble-bees do not always discover that it would be
advantageous to them to perforate certain flowers.
There is an abundant supply of nectar in the nectary
of Tropmolum tricolor, yet 1 have found this plant
untouched in more than one garden, while the flowers
of other plants had been extensively perforated; but
a few years ago Sir J. Lubbock’s gardener assured
me that he had seen humble-bees boring through
the nectary of this Tropeolum. Miiller 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.

. 690. Gentry, ibid. May 1875,
P. 264,

@ The Combplete Work of Charles Darwin Online



428 HABITS OF INSECTS. Crar. XL

He gathered in Switzerland 100 flower-stems of the
common blue variety of the monkshood (dconitum
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

This. i 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
Ranunculacez, and to its absence in the white variety
in correlation with the loss of the blue tint. Accord-
ing to Sprengel,* this plant is strongly proterandrous ;
it would therefore be more or less sterile unless bees
carried pollen from the younger to the older flowers.
Consequently the white variety, the flowers of which
were always bitten instead of being properly entered
by the bees, would fail to yield the full number
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. Al the flowers in a large bed of Stachys
coccinea had either one or two slits made on the upper
side of the corolla near the base. The flowers of a
Mirabilis and of Salvia coccinea were perforated in the
same manner ; whilst those of Salvia grahami, in which
the calyx is much elongated, had both the calyx and the
corolla invariably perforated. The flowers of Pentstemon
argutus are broader than those of the plants just named,
and two holes alongside each other had here always
been made just above the calyx. In these several cases
the perforations were on the upper side, but in Antir-

* *Das Entdeckte, &e. p. 278,
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rhinum magus one or two holes had been made on the
lower side, close to the little protuberance which re-
presents the nectary, and therefore directly in front of
and close to the spot where the nectar is secreted.

But the most remarkable case of skill and judgment
known to me, is that of the perforation of the flowers of
Lathyrus sylvestris, as described by my son 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 natural rounded
passages or orifices are left in the tube near the base,
in order that the nectar may be reached by the bees.
Now my son found in sixteen out of twenty-four flowers
on this plant, and in eleven out of sixteen of those on
the cultivated everlasting pea, which is either a variety
of the same species or a closely allied one, that the
left passage was larger than the right one. And here
comes the remarkable point,—the humble-bees biteholes
through the standard-petal, and they always operated
on the left side over the passage, which is generally
the larger of the two. My son remarks : “ 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 de
where to gnaw the hole; or whether they found out
the best situstion by biting through the standard at
various points, and afterwards remembered its situation
in visiting other flowers. But in either case they show a
remarkable power of making use of what they have
learnt by experience.” It seems probable that bees
owe their skill in biting holes through flowers of all

* “Nuture, Jun. 8, 1874, p. 1:9.
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kinds to their having long practised the instinct 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
scarlet  kidney-b (Phaseolus madtiflorus), 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

ion, 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-hees; 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 out so quickly
that holes had been made ? Instinct seems to be out
of the question, as the plant is an exotic. The holes
cannot be seen by bees whilst standing on the wing-
petals, where they had always previously alighted.
From the ease with which bees were deceived when the
petals of Lobelia erinus were cut off, it was clear that
in this case they were not guided to the nectar by its
smell; and it may be doubted whether they were

* ¢Gard. Chron.” 1857, p, 725.
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attracted to the holes in the flowers of the Phaseolus
by the odour emitted from them. Did they perceive
the holes by the sense of touch in their proboscides,
whilst sucking the flowers in the proper manner, and
then reason that it would save them time to alight on
the outside of the flowers and use the holes? This
seems almost too abstruse an act of reason for bees:
and it is more probable that they saw the humble-bees
at work, and understanding what they were about,
imitated them and took advantage of the shorter path
to the nectar. Even with animals 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 varions kinds
of flowers that all the hive and humble-bees which
were sucking through the perforations, flew to them,
whether on the upper or under side of the corolla,
without the least hesitation; and this shows how
quickly all the individuals within the district had
acquired the same knowledge. Yet habit comes into
play to a certain extent,as in so many of the other
operations of bees. Dr. Ogle, Messrs. Farrer and
Belt have observed in the case of Phaseolus multiflorus*®
that certain individuals went exclusively to the per-
forations, while others of the same species visited
only the mouths of the flowers. I noticed in 1861
exactly the same fact with Trifolium pratense. ~So per-
sistent is the force of habit, that when a bee which is
visiting perforated flowers comes to one which has not
been bitten, it does not go to the mouth, but instantly

* Dr. Ogle, ‘Pop. Science Re-  Hist? 4th serics, vol. ii. 1868, p.
Howy April 1870, p. 167, Mr. 238, Mr. Bolt in'a loter to me.
Farrer, * Aunals acd Yiag. of Nat,
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flies away in search of another bitten flower. Never-
theless, I once saw a humble-bee visiting the hybrid
Rhododendron azaloides, and it entered the mouths
of some flowers and eut holes into the others. Dr.
‘H. Miiller informs me that in the same district he has
seen some individuals of Bombus mastrucatus boring
through the calyx and corolla of Rhinanthus alectero-
lophus, and others through the corolla alone. Different
species of bees may, however, sometimes be observed
acting differently at the same time on the same plant.
I have seen hive-bees sucking at the mouths of the
flowers of the common bean ; humble-bees of one kind
sucking through holes bitten in the calyx, and humble-
bees of another kind sucking the little drops of fluid
excreted by the stipules. Mr. Beal of Michigan
informs me that the flowers of the Missouri currant
(Ribes aurewm) abound with nectar, so that children
often suck them; and he saw hive-bees sucking
through holes made by a bird, the oriole, and at the
same time humble-bees sucking in the proper manner
at the mouths of the flowers.* This statement about
the oriole calls to mind what I have before said of
certain species of humming-birds boring holes through
the flowers of the Brugmansia, whilst other species
entered by the mouth.

The motive which impels bees to gnaw holes through
the corolla seems to be the saving of time, for they
lose much time in climbing into and out of large
flowers, and in forcing their heads into closed ones.
They were able to visit nearly twice as many flowers,
as far as I could judge, of a Stachys and Pentstemon

* The flowers of he Ribes are  through and rob seven flowers
liowever somctimes perforuted by  of their honey in a minute:
Jumble-bees, und M Bundy says ¢ American. Nafuralist;” 875, p.
that they wero able to bite
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by alighting on the upper surface of the corolla
and sucking through the cut hulu.t.hmbyenurmgm
the proper way. Nevertheless each bee before it
has had much practice, must lose some time in
; making each new perforation, especially when the per-
foration has to be made through both ealyx and
corolla. This action therefore implies foresight, of
which faculty we have abundant evidence in their
building operations; and may we not further believe
that some trace of their social instinet, that is, of
working for the good of other members of the com-
munity, may here likewise play a part?

Many years ago I was struck with the fact that
humble-bees as a general rule perforate flowers only
when these grow in large numbers near together. In
a garden where there were some very large beds of
Stachys coccinea and of Pentstemon argutus, every single
flower was perforated, but I found two plants of the
former species growing quite separate with their petals
much scratched, showing that they had been frequently
visited by bees, and yet not a single flower was
perforated. I found also a separate plant of the
Pentstemon, and saw bees entering the mouth of the
corolla, and not a single flower had been perforated. In
the following year (1842) I visited the same garden
several times : on the 19th of July humble-bees were
sucking the flowers of Stachys coecinea and Salvia
grahami in the proper manner, and none of the corollas
were perforated.  On the Tth of August all the flowers
were perforated, even those on some few plants of the
Salvia which grew at a little distance from the great
bed. On the 2lst of August only a few flowers on the
summits of the spikes of both species remained fresh,
and not one of these was now bored. Again, in my own
garden every plant in several rows of the common bean

g 2r
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had many flowers perforated ; but I 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. Hence it follows that the red
‘clover (Trifolium pratense) and the common bean when
cultivated in great masses in fields,—that Erica tetraliz
growing in large numbers on heaths,—rows of the
scarlet kidney-bean in the kitchen-garden,—and masses
of any species in the flower-garden,—are all eminently
liable to be perforated.

The explanation of this fact isnot difficult. Flowers
growing in large numbers afford a rich booty to the
bees, and are conspicuous from a distance. They are
consequently visited by crowds of these insects, and T
once counted between twenty and thirty bees flying
about a bed of Pentstemon. They are thus stimulated
to work quickly by rivalry, and, what is much more
important, they find a large proportion of the flowers,
as suggested by my son,* with their nectaries sucked
dry. They thus waste much time in searching many
empty flowers, and are led to bite the holes, so as
to find out as quickly as possible whether there is any
nectar present, and if so, to obtain it.

Flowers which are partially or wholly sterile unless
visited by insects in the proper manner, such as
those of most species of Salvia, of Trifolium pratense,
Phaseolus multiflorus, &e., will fail more or less com-
pletely to produce seeds if the bees confine their visits

* ¢ Nature,” Jan. 8, 1874, p. 189.
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to the perforations. The perforated flowers of those
species, which are capable of fertilising themselves, will
yield only self-fertilised seeds, and the seedlings will
in consequence be less vigorous. Therefore all plants
must suffer in some degree when bees obtain their nectar
in a felonious manner by biting holes through the
corolla; and many lpeu-,nmghtbethonght. would
dl\- be exterminated. But here, as is so general

hout nature, there i d ds a restored
squl!.lbnum. I!-phncnﬂenbmbungperfonwd
fewer individuals will be reared, and if its nectar is
highly important to the bees, these in their turn will
suffer and decrease in number ; but, what is much more
effective, as soon as the plant becomes somewhat
mnumwminmdedmmhn
will no longer be stimulated to gnaw holes in the
flowers, but will enter them in a legitimate manner.
Mnnued'ﬂl(henbepmdwed,mdthuadhngl
bmghpodmdun-leﬂ:luhm-ﬂl vigorous,
s0 that the species will tend to increase in number, to
be again checked, as soon as the plant again grows in
crowded masses.

2r2
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CHAPTER XIIL
GENERAL Resvrrs.

Cross-fertilisation proved to be beneficial, and  self-fertilisation in-
jurious—Allied species differ greatly in the means by which eross-
is favoured and avoided—The benefits
and evils of the two p depend on the degree of di
in th el The evil effects not
morbid tendencies in the parents—Nature of the conditions to which
plavts are subjected when growing near togcther ina gt abi
or under gulture, and: the effects of such conditions-—Theoreical
respect to the intes of iated sexual
ulemmkymnul lessons— Genesis of the two sexes—Close corre-
spondence between the effects of eross-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 cross-fertilisation is generally beneficial,
and self-fertilisation injurious. This is shown by the
difference in height, weight, constitutional vigour, and
fertility of the offspring from crossed and self-fertilised
flowers, and in the number of seeds produced by the
parent-plants.  With respect to the second of these two
propositions, namely, that self-fertilisation is generally
injurious, we have abundant evidence. The structure
of the flowers in such plants as Lobelia ramosa, Digitalis
purpurea, &e., renders the aid of insects almost indis-
pensable for their fertilisation; and bearing in mind.
the prepotency of pollen from a distinet individual
over that from the same individual, such plants will
almost certainly ln;ve been crossed during many or
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all previous generations. So it must be, owing merely
to the prepotency of foreign pollen, with cabbages
and various other plants, the varieties of which almost
invariably intercross when grown together. The same
inference may be drawn still more surely with respect
to those plants, such as Reseda and 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. There-
fore the difference between the self-fertilised and crossed
plants raised by me cannot be attributed to the supe-
riority of the crossed, but to the inferiority of the
self-fertilised seedlings, due to the injurious effects of
self-fertilisation,

With respect to the first proposition, namely, that
cross-fertilisation is gemerally beneficial, we likewise
have excellent evidence. Plants of Ipomaea were inter-
crossed for nine successive generations; they were then
again intercrossed, and at the same time crossed with a
plant of a fresh stock, that is, one brought from another
garden; and the offspring of this latter cross were to
the intercrossed plants in height as 100 to 78, and in
fertility as 100 to 51. An analogous experiment with
Eschscholtzia gave a similar result, as far as fertility
was concerned. In neither of these cases were any of
the plants the product of self-fertilisation. Plants of
Dianthus were self-fertilised for three generations, and
this no doubt was injurious; but when these plants
were fertilised by a fresh stock and by intercrossed
plants of the same stock, there was a great difference
in fertility between the two sets of seedlings, and some
difference in their height. Petunia offers a nearly
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parallel case. With various other plants, the wonderful
effects of a cross with a fresh stock may be seen in
Table 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; so that here
neither self-fertilisation nor relationship even in a
remote degree can liave come into play. We may
therefore conclude that the above two propositions are
true,—that cross-fertilisation is generally beneficial
and self-fertilisation injurious to the offspring.

That certain plants, for instance, Viola tricolor,
alis purpurea, Sarothamnus scoparius, Cyelamen
persicum, &e., which have been naturally cross-fertilised
for many or all previous generations, should suffer to
an extreme degree from a single act of self-fertilisation
is a most surprising fact. Nothing of the kind has
been observed in our domestic animals; but then we
must remember that the closest possible interbreeding
with such animals, that is, between brothers and sisters,
cannot be considered as nearly so close a union as that
between the pollen and ovules of the same flower.
Whether the evil from self-fertilisation goes on in-
creasing during successive generations is not as yet
known ; but we may infer from my experiments that
the increase if any is far from rapid. After plants have
been propagated by self-fertilisation for several genera-
tions, a single cross with a fresh stock restores their
pristine vigour; and we have a strictly analogous
result with our domestic animals.t The good effects
of cross-fertilisation are transmitted by plants to the
next generation ; and judging from the varieties of

‘Variation under Do-  + Ibid. ch. xix. 2nd edit. vol.
ion,’ ch. xix. 2nd edit. vol. i, p. 159,
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the common pea, to many succeeding generations. But
this may merely be that crossed plants of the first
generation are extremely vigorous, and transmit their
vigour, like any other character, to their successors.
Notwithstanding the evil which many plants suffer
from self- femhutlon, tbey can be thus pmpagnted
under fi ions for many
shown by some of my experiments, and mmupecnl.ly
by the survival during at least half a century of the
same varieties of the common pea and sweet-pea. The
same conclusion probably holds good with several other
exotic plants, which are never or most rarely cross-
fertilised in this country. But all these plants, as far
as they have been tried, profit greatly by a cross with
a fresh stock. -Some few plants, for instance, 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 eross with a fresh stock is not known. But
such cases ought not to make us doubt that as a general
rule crossing is beneficial, any more than the existence
of plants which, in a state of nature, are propagat
exclusively by rhizomes, stolons, &e.* (their flowers
never producing seeds), should make us doubt that
seminal generation must have some great advantage,
as itis the common plan followed by nature. Whether
any species has been reproduced asexually from a very
remote period cannot, of course, be ascertained. Our
sole means for forming any judgment on this head is
the duration of the varieties of our fruit trees which
have been long propagated by grafts or buds. Andrew
Knight formerly maintained that under these circum-
stances they always become weakly, but this conclusion

* 1 have given several casex in  tion," oh, xviil. 2ud edit. vol. ii.
my ¢ Variation under Domestica- . 152 :
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has been warmly disputed by others. A recent and
competent judge, Prof. Asa Gray,* leans to the side
of Andrew Knight, which seems to me, from such
evidence as I have been able to collect, the more
probable view, notwithstanding many opposed facts.
The means for favouring cross-fertilisation and pre-
venting self-fertilisation, or conversely for fayouring
self-fertilisation a.ml prevenmw to a certain extent
cross-fertili derfully diversified; and it
is remarkable that these differ widely in closely allied
plants,f—in the species of the same genus, and some-
times in the individuals of the same species. It is
not rare to find hermaphrodite plants and others
with separated sexes within the same genus; and 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.} 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 seli-fertilisation, and other
species as manifestly adapted for cross-fertilisation.
Some con-generic species are quite sterile and others
quite fertile with their own pollen. From these several
causes we often find within the same genus species
which do not produce seeds, while others produce an
abundance, when insects are excluded. Some species
bear cleistogene flowers which cannot be crossed, as
well as perfect flowers, whilst others in the same genus

* ¢Darwinima:
Beviows pertaining o Du

1876, . 35

T8 S 1as ntated
nrongly to this cffect in his
valuable observations on the fer-

tilisution of the Graminem: ¢Mo-
natsbericht K. Akad. Berlin,” Oct.
T

gler, *Bot. Zeitung,”
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never produce cleistogene 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-fertilistion, 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 polyg plants, the distribution of the sexes
differs in the individuals of the same species. The rela-
tive period at which the sexual elements in the same
flower are mature, differs in the varieties of Pelar-
gonium ; and Carritre gives several cases,* showing
that the period varies according to the temperature to
which the plants are exposed.

This extraordinary diversity in the means for
favouring or preventing cross- and self-fertilisation in
closely allied forms, probably depends on the results
of both processes being highly beneficial to the species,
bnt directly opposed in many ways to one mther ll'ld

dent on variable conditi Self-fe
assures the production of a large supply of seeds ; and
the necessity or advantage of this will be determined
by the average length of life of the plant, which largely
depends on the amount of destruction suffered by the
seeds and seedlings. This destruction follows from
the most various and variable causes, such as the
presence of animals of several kinds, and the growth
of surrounding plants. The possibility of cross-fertili-
sation depends mainly on the presence and number
of certain insects, often of insects belonging to special
groups, and on the degree to which they are attracted
to the flowers of any particular species in preference to
other flowers,—all circumstances likely to change.

* ‘Des Vuriétés, 1865, p. 30,
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Moreover, the advantages which follow from ecross-
fertilisation differ much in different plants, so that it
is probable that allied plants would often profit in
different degrees by cross-fertilisation. Under these
extremely complex and fluctuating conditions, with
two somewhat opposed ends to be gained, namely, the
safe propagation of the species and the production of
cross-fertilised, vigorous offspring, it is not surprising
that allied forms should exhibit an extreme diversity
in the means which favour either end. If, as there is
reason to suspect, self-fertilisation is in some respects
beneficial, although more than counterbalanced by the
advantages derived from a cross with a fresh stock, the
problem becomes still more complicated.

As I only twice experimented on more than a single
species in a genus, I cannot say whether the crossed
offspring of the several species within the same genus
differ in their degree of superiority over their self-
fertilised brethren; but I should expect that this
would often prove to be the case from what was
observed with the two species of Lobelia and with the
individuals of the same species of Nicotiana. The
species belonging to distinet 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 ensuring cross-ferti-
lisation which are not externally perceptible, namely,
self-sterility and the prepotent fertilising influence of
pollen from another individual. Lastly, it has been
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shown in a former chapter that the effect produced by
cross and self-fertilisation on the fertility of the parent-
plants does not always correspond with that produced
on the height, vigour, and fertility of their 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
determined by the number of the pollen-tubes which
reach the ovules, and this will be governed by the re-
action between the pollen and the stigmatic secretion
or tissues; whereas the growth and constitutional vigour
of the offspring will be chiefly determined, not only by
the number of pollen-tubes reaching the ovules, but by
the nature of the reaction between the contents of the
pollen-grains and ovules.

There are two other important conclusions which
may be deduced from my observations: firstly, that the
advantages of cross-fertilisation do not follow from
some mysteriods virtue in the mere union of two
distinet individuals, but from such individuals having
been subjected during previous generations to dif-
ferent conditions, or to their having varied in a manner
commonly called spontaneous, so that in either case
their sexual elements have been in some degree differ-
entiated. And secondly, that the injury from self-
fertilisation follows from the want of such differentia-
tion in the sexual elements. These two propositions
are fully established by my experiments. Thus, when
plants of the Ipomeea and of the Mimulus, which had
been self-fertilised for the seven previous generations
and had been kept all the time under the same condi-
tions, were intercrossed one with another, the offspring
did not profit in the least by the cross. Mimulus
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offers another instructive case, showing that the
benefit of a cross depends on the previous treatment
of the progenitors: plants which had been self-fer-
tilised for the eight previous generations were crossed
with plants which had been intercrossed for the same
number of generations, all having been kept under
the same conditions as far as possible ;, seedlings from
this cross were grown in competition with others
derived from the same self-fertilised mother-plant
crossed by a fresh stock ; and the latter seedlings were
to the former in height as 100 to 52, and in fertility
as 100 to 4. An exactly parallel experiment was
tried on Dianthus, with this difference, that the plants
had been self-fertilised only for the three previous gene-
rations, and the result was similar though not so strongly
marked. The foregoing two cases of the offspring of
Ipomeea and Eschscholtzia, derived from a cross with a
fresh stock, being as much superior to the intercrossed
plants of the old stock, as these latter were to the selfs
fertilised offspring, strongly supports 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 i d or self-
fertilised for several previous generations. The fact
that a cross between two flowers on the same plant
does no good or very little good, is likewise a strong
corroboration of our conclusion; for the sexual
elements in the flowers on the same plant can rarely
have been differentiated, though this is possible, as
flower-buds are in one sense distinet individuals,
sometimes varying and differing from one another in
structure or constitution. Thus the proposition that
the benefit from cross-fertilisation depends on the
plants which are crossed having been subjected during
previous ions to hat different conditi
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or to their having varied from some unknown cause as
if they had been thus subjected, is securely fortified on
all sides,

Before proceeding any further, the view which has
been maintained by several physiologists must be
noticed, namely, that all the evils from breeding
animals too closely, and no doubt, as they would say,
from the self-fertilisation of plants, is the result of the
increase of some morbid tendency or weakness of consti-
tution common to the closely related parents, or to
the two sexes of h hrodite plants. Undoubtedl
injury has often thus resulted; but it is a vain
attempt to extend this view to the numerous cases
given in my Tables. It should be remembered that the
same mother-plant was both self-fertilised and crossed,
so that if she had been unhealthy she would have
transmitted half her morbid tendencies to her crossed
offspring.  But plants appearing perfectly healthy,
some of them growing wild, or the immediate offspring
of wild plants, or vigorous common garden-plants, were
selected for experiment. Considering the number of
species which were tried, it is nothing less than absurd
to suppose that in all these cases the mother-plants,
though not appearing in any way diseased, were weak
or unhealthy in so peculiar a manner that their self-
fertilised seedlings, many hundreds in number, were
rendered inferior in height, weight, constitutional
vigour, and fertility to their crossed offspring. More-
over, this belief cannot be extended to the strongly
marked advantages which invariably follow, as far as
my experience serves, from intercrossing the indivi-
duals of the same variety or of distinct varieties, if
these have been subjected during some generations to
different conditions.
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It is obvious that the exposure of two sets of plants
during several generations to different conditions can
lead to no beneficial results, as far as crossing is con-
cerned, unless their sexual elements are thus affected.
That every organism is acted on to a certain extent by
a change in its environment, will not, I presume, be
disputed. It is hardly necessary to advance evidence
on this head ; we can perceive the difference between
individual plants of the same species which have
grown in somewhat more shady or sunny, dry or damp
places. Plants which have been propagated for some
generations. under different climates or at different
seasons of the year transmit different constitutions to
their seedlings. Under such circumstances, the che-
mical constitution of their fluids and the nature of
their tissues are often modified.* Many other such
facts could be adduced. In short, every alteration in
the function of a part is probably connected with some
corresponding, though often quite imperceptible change
in structure or composition.

Whatever affects an organism in any way, likewise
tends to act on its sexual elements. We see this in the
inheritance of newly acquired modifications, such as
those from the increased use or disuse of a part, and
even from mutilations if followed by disease.t We
have abundant evidence how susceptible the repro-
ductive system is to changed conditions, in the many
instances of animals rendered sterile by confinement ;
so that they will not unite, or if they unite do not
+ * Numerous cases together with  the different organs of animals
are excited into_different degrees
ofnetivity by differences of tempe-

it vol p. 26+, rature and food, and become to a.
VAR aaimals, Ur el B adapted to them.
well shown tion under Domestica-

rackenridge
€A Contatttion to e Theorsof xii. 2nd edit. vol. i.
Diathesis,” Edinburgh, 1869) that

@ The Complete Work of Charles Darwin Online




Crar, XIL GENERAL RESULTS. 47

produce offspring, though the confinement may be far
from close; and of plants rendered sterile by eulti-
vation. But hardly any cases afford more striking
evidence how powerfully a change in the conditions of
life acts on the sexual elements, than those already
given, of plants which are completely self-sterile in
one country, and when brought to another, yield, even
in the first generation, a fair supply of self-fertilised
seeds.

But it may be said, granting that changed conditions
act on the sexual elements, how can two or more
plants growing close together, either in their native
country or in a garden, be differently acted on, inasmuch
as they appear to be exposed fo exactly the same
conditions? Although this question has been already
considered, it deserves further consideration under
several points of view. In my experiments with
Digitalis purpurea, some flowers on a wild plant were
self-fertilised, and others were crossed with pollen
from another plant growing within two or three feet’s
distance. The crossed and self-fertilised plants raised
from the seeds thus obtained, produced flower-stems
in number as 100 to 47, and in average height as 100
to 70. Therefore the cross between these two plants
was highly beneficial ; but how could their sexual

1 ts have been di iated by exp to
different conditions? If the progenitors of the two
plants had lived on the same spot during the last
score of generations, and had never been crossed with
any plant beyond the distance of a few feet, in all
probability their offspring would have been reduced to*
the same state as some of the plants in my experiments,
—such as the intercrossed plants of the ninth genera-
tion of Ipomaea,—or the self-fertilised plants of the
eighth generation of Mimulus,—or the offspring from
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flowers on the same plant,—and in this case a cross
between the two plants of Digitalis would have done
no good. But seeds are often widely dispersed by
natural means, and one of the above two plants or
one of their ancestors may have come from a distance,
from a more shady or sunny, dry or moist place, or from
a different kind of soil containing other organic or
inorganic matter. We know from the admirable
researches of 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 what it 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 surrounding plants in
two neighbouring places is rarely exactly the same, the
individuals of the same species will be subjected to
somewhat different conditions with respect to what they
can absorb from the soil. It is surprising how the free
growth of one set of plants affects others growing
mingled with them ; T allowed the plants on rather
more than a square yard of turf which had been closely
mown for several years, to grow up; and nine species

* «Journal of the Royal Agricultural Soc. of England,’ vol. xxiv.
part i,
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out of twenty were thus exterminated; but whether
this was altogether due to the kinds which grew up
robbing the others of nutriment, I do not know.

Seeds often lie dormant for several years in the
ground, and germinate when brought near the surface
by any means, as by burrowing animals. They would
probably be affected by the mere circumstance of having
long lain dormant; for gardemers believe that the
production of double flowers and of fruit is thus in-
fluenced. Seeds, moreover, which were matured during
different seasons, will have been subjected during the
whole course of their development to different degrees
of heat and moisture.

It was shown in the last chapter that pollen is often
carried by insects to a considerable distance from
plant to plant. Therefore one of the parents or
ancestors of our two plants of Digitalis may have been
crossed by a distant plant growing under somewhat
different conditions. Plants thus crossed often pro-
duce an unusually large number of seeds; a striking
instance of this fact is afforded by the Bignonia, pre-
viously mentioned, which was fertilised by Fritz Miller
with pollen from some adjoining plants and set hardly
any seed. but when fertilised with pollen from a dis-
tant plant, was highly fertile. Seedlings from a cross
of this kind grow with great vigour, and transmit their
vigour to their descendants. These, therefore, in the
struggle for life, will generally beat and exterminate
the seedlings from plants which have long grown near
together under the same conditions, and will thus tend
to spread.

When two varieties which present well-marked

differences are crossed, their descendants in the later

generations differ greatly from one another in ex-

ternal characters ;- and this is due to the augmentation
2¢
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or obliteration of some of these characters, and to
the reappearance of former ones through reversion;
and so it will be, as we may feel almost sure, with any
slight differences in the constitution of their sexual
elements. Anyhow, my experiments indicate that
crossing plants which have been long subjected to
almost though not quite the same conditions, is the
most powerful of all the means for retaining some
degree of differentiation in the sexual elements, as
shown by the superiority in the later generations of the
intercrossed over the self-fertilised seedlings. Never-
theless, the continued intercrossing of plants thus
treated does tend to obliterate such differentiation, as
may be inferred from the lessened benefit derived from
intercrossing such plants,in comparison with that from
a cross with a fresh stock. It seems probable, as I may
add, that seeds have acquired their endless curious
adaptations for wide dissemination, * not only that the
seedlings should thus be enabled to find new and fitting
homes, but that the individuals which have been long

bjected to the same ditions should ionally
intercross with a fresh stock.

From the foregoing several considerations we may,
I 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 absolutely the same conditions. There is at least
no difficulty in believing that such plants have been
subjected to sufficiently distinct conditions to differ-
entiate their sexual elements ; for we know that a plant

* See Prof Hildebrand's excellent treatise, ¢ Verbreitungsmittel der
Pilauzen,’ 1873.
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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 correet, namely, that the individuals of the
same species growing in a state o(mnmmgelher,
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
tion, independently of external m and
they would, I presume, thus expln- slight
which distinguish all the individuals of the
same species both in external characters and in con-
stitution, as well as the greater differences in both
respects between nearly allied varieties. No two
individuals can be found quite alike; thus if we sow a
number of seeds from the same capsule under as nearly
as possible the same conditions, they germinate at
different rates and grow more or less vigorously. They
resist cold and otherunfavourable conditions differently.
They would in all probability, as we know to be the
case with animals of the same species, be somewhat
differently acted on by the same 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 gm-mg near together in a state of nature had

generations

just specified would be quite inexplicable; but they

* Vilmorin, as quoted by Verlot, * Des Variétés, pp. 32, 38, 39.
2a¢2

@ The Complete Work of Charles Darwin Online



452 GENERAL RESULTS, Cuar. XIIL.

are to a certain extent intelligible in accordance with
the views just advanced.

As most of the plants on which I experimented
were grown in my garden or in pots under glass, a few
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
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. Tt 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.

1 have attempted to show that with plants growing
naturally in the same district, except in the unusual
case of each individual being surrounded by exactly
the same proportional numbers of other species having
certain powers of absorption, each will be subjected to

@ The Combplete Work of Charles Darwin Online




Onar. XIL GENERAL RESULTS, 453

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 dunng a

iderable number of g i amount
of differentiation for a cross to be beneﬁcm] More-
over, seeds are frequently exchanged or procured from
other gardens having a different kind of soil ; and the
individuals of the same cultivated species will thus be
subjected to a change of conditions, If the flowers are
not visited by our native insects, or very rarely so,
as in the case of the common and sweet pea, and
apparently in that of the tobacco when kept in a
hothouse, any differentiation in the sexual elements
caused by intercrosses will tend to disappear. This
appears to have occurred with the plants just
mentioned, for they were not benefited by being
crossed one with another, though they were greatly
benefited by a eross 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 vanﬂnhty of our garden plants,
by the results of my various experiments, and more
especially by the four cases in which extremely incon-
stant species, after having been self-fertilised and
grown under closely similar conditions for several
generations, produced flowers of a uniform and constant
tint. These conditions were nearly the same as those
to which plants, growing in a garden clear of weeds,
are subjected, if they are propagated by self-fertilised
seeds on the same spot. The plants in pots were,
however, exposed to less severe fluctuations of climate
than those out of doors; but their conditions, though
closely uniform for all the individuals of the same
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generation, differed somewhat in the successive gene-
rations. Now, under these circumstances, the sexual
elements of the plants which were intercrossed in each

ion retained suffic di iati durmg
several years for their offspring to be superior to
the self-fertilised, but this superiority gradually and
manifestly decreased, as was shown by the difference
in the result between a cross with one of the inter-
crossed plants and with a fresh stock. These inter-
crossed plants tended also in a few cases to become
somewhat more uniform in some of their external cha-
racters than they were at first. With respect to the
plants which were self-fertilised in each generation,
their sexual elements apparently lost, after some years,
all differentiation, for a cross between them did no
more good than a cross between the flowers on the
same plant. But it is a still more remarkable fact, that
although the seedlings of Mimulus, Ipomeea, 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 ecross
depend altogether on the differentiation of the sexual
elements, harmonises perfectly with the fact that an
occasional and slight change in the conditions of life
is beneficial to all plants and animals* But the
offspring from a cross between organisms which have
been exposed to different conditions, profit in an in-
comparably higher degree ﬂmn do young or old beings

have given suflicent_e

*1 m under Domestication,’ ch.
dence on this head in my ¢ Vari- i

vill, vol . 2d dit. P 127,
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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 beings will affect the whole constitution at
a very early period of life, whilst the organisation is
highly flexible. We have, moreover, reason to believe
that changed conditi Iy act di y 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 eloser.

That wonderfully accurate observer, 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 eurious and beautiful
adaptations have been acquired, was the cross-fertilisa-
tion of distinet plants; and he knew nothing of the
benefits which the offspring thus receive in growth,
vigour, and fertility. But the veil of secreey 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,
flowers fertilised with their own pollen are either
absolutely or in some degree sterile; if fertilised with

* Seo,for instance, Brackenridge, *Theory of Diathesis, Ediuburgh,
1869,
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pollen from another flower on the same plant, they are
sometimes, though rarely, a little more fertile; if
fertilised with pollen from another individual or variety
of the same species, they are fully fertile; but if
with pollen from a distinct species, they are sterile
in all possible degrees, until utter sterility is reached.
We thus have a long series with absolute sterility at
the two ends;—at one end due to the sexual elements
not having been sufficiently differentiated, and at the
other end to their having been differentiated in too
great a degree, or in some peculiar manner.

The fertilisation of one of the higher plants depends,
in the first place, on the mutual action of the pollen-
grains and the stigmatic secretion or tissues, and after-
wards on the mutual action of the contents of the

llen-grains and ovules. ‘Both actions, judging from
the inereased 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 tendency to
unite is feeble.”* This latter proposition accords well
with the feeble effects of a plant’s own pollen on the
fertility of the mother-plant and on the growth of the
offspring ; and the former proposition accords well with
the powerful influence in both ways of pollen from an

* «Elements of Chemistry, 4th  views with respect to_chemical
edit. 1867, part i p. 11 Dr. aflinity are generally acoepted by
Frankland informs me that similar  chemists.
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individual which has been differentiated by exposure
to changed conditions, or by so-called spontaneous
variation. But the analogy fails when we turn to the
negative or weak effects of pollen from one species on
a distinet species ; for although some substances which
are extremely dissimilar, for instance, carbon and
chlorine, have a very feeble affinity for each other,
yet it cannot be said that the weakness of the affinity
depends in such cases on the extent to which the
substances differ. It is not known why a cemm
amount of di is or

for the chemical affinity or union of two substances,
any more than for the fertilisation or union of two

organisms.

Mr. Herbert Spencer has discussed this whole subject
at great length, and after stating that all the forces
throughout nature tend towards an equilibrium,
remarks, “that the need of this union of sperm-
cell and germ-cell is the need for overthrowing this
equilibrium  and hing  active lecul.

change in the detached 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

* *Principles of Biology, vol.i, ~changes in the conditions
. 274, 1864. In my *Origin of from widely distinct forms
[, ublished i 1650, 1 (ies i
ke of effects from  * cons Jogeter by
b g [ tho souditon P S TR kv, B,
life and fiom cromsLertlisaton,  whi s csentilly” related 10
and of the evil effects from greai the prineiple of
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say why the individuals of certain species profit greatly,
and others very little by being crossed. There are some
few species which have been self-fertilised for a vast
number of generations, and yet are vigorous enough
to compete successfully with a host of surrounding
plants,  Highly self-fertile varieties sometimes arise
among plants which have been self-fertilised and
grown under uniform conditions during several gene-
rations. We can form mno 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 shonld
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
Iturists may learn hing from the conclu-

sions at which we have arrived. Firstly, we see that
the injury from the close breeding of animals and
from the self-fertilisation of plants, does not necessarily
depend on any tendency to disease or weakness of con-
stitution common to the related parents, and only
indirectly on their relationship, in so far as they are
apt to resemble each other in all respeets, including
their sexual nature. And, secondly, that the advantages
of cross-fertilisation depend on the sexual elements of
the parents having become in some degree differentiated
by the exposure of their progenitors to different
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conditions, or from their having intercrossed with
individuals thus exposed, or, lastly, from what we call
in our ignorance spontaneous variation. He therefore
who wishes to pair closely related animals ought to
keep them under conditions as different as possible,
Some few breeders, guided by their keen powers of
observation, have acted on this principle, and have kept
stocks of the same animals at two or more distant and
differently situated farms. They have then coupled
the individuals from these farms with excellent results.*
This same plan is also unconsciously followed whenever
the males, reared in one place, are let out for propaga-
tion to breeders in other places. As some kinds of
plants suffer much more from self-fertilisation than do
others, so it probably is with animals from too close
interbreeding. The effects of close interbreeding on
animals, judging again from plants, would be dete-
rioration in general vigour, including fertility, with no
necessary loss of excellence of 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, 80 as to avoid raising plants for a long
succession of generations under the same conditions ;
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 as
different conditions as possible, and sow them in
alternate rows with seeds matured in the old garden.
The two stocks would then intercross, with a thorough
blending of their whole organisations, and with no loss
of purity to the variety ; and this wonld yield far more

* * Variation of Animals and  xvii. 2nd edit. vol. ii. pp. 98, 105,
Plants under Domestication,’ ch.
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favourable results than a mere exchange of seeds. We
have seen in my experiments how wonderfully the
offspring profited in height, weight, hardiness, and fer-
tility, by crosses of this kind. For instance, plants of
Ipomeea thus crossed were to the intercrossed plants
of the same stock, with which they grew in competition,
as 100 to 78 in height, and as 100 to 51 in fertility ;
and plants of Eschscholtzia similarly compared were
as 100 to 45 in fertility. In comparison with self-
fertilised plants the results are still more striking
thus cabbages derived from a cross with a fresh stock
were to the self-fertilised as 100 to 22 in weight.
Florists may learn from the four cases which have
been fully described, that they have the power of fixing
each fleeting variety of colour, if they will fertilise the
flowers of the desired kind with their own pollen for
half-a-dozen generations, and grow the seedlings under
the same conditions. But a 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 guard against inter-
crosses between the individuals of the same variety.
With respect to mankind, my son George has en-
deavoured to discover by a statistical investigation *
whether the marriages of first cousins are at all in-
jurious, although this is a d«.gree 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

* “Journal of Sta
June 1875, p. 153; nnd Fu:t-

nightly Review, June 1875.

@ The Complete Work of Charles Darwin Online



Cuar, XII GENERAL RESULTS, 461

on the whole points toits being very small. From the
facts given in this volume we may infer that with
mankind the marriages of nearly related persons, some
of whose parents and ancestors had lived under very
different conditions, would be much less injurious than
that of persons who had always lived in the same
place and followed the same habits of life. Nor can I
see reason to doubt that the widely different habits of
life of men and women in civilised nations, especially
amongst the upper classes, would tend to counter-
balance any evil from marriages between healthy and
somewhat closely related persons.

Under a theoretical point of view it is some gain to
science to know that numberless structures in her-
maphrodite plants, and probably in hermaphrodite
animals, are special adaptations for securing an occa-
sional cross between two individuals; and that the
advantages from such a cross depend altogether on the
beings which are united, or their progenitors, having
had their sexual elements somewhat differentiated, so
that the embyro is benefited in the same manner as is
a mature plant or animal by a slight change in its
conditions of life, although in a much higher degree.

Another and more important result may be deduced
from my observations. Eggs and seeds are highly
serviceable as a means of dissemination, but we now
know that fertile eggs can be produced without the
uid of the male. ~There are.also many otller methods
by which can
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

hat di iated i iduals; and with the
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exception of the lowest organisms this is possible only
by means of the sexual elements, these consisting of
cells separated from the body, containing the germs of
every part, and capable of being fused completely
together.,

It has been shown in the present volume that the
offspring from the union of two distinct individuals,

ially 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 develop of the sexual el ts, 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 fémale;
and the other, which is often smaller and more loco-
motive, may be ealled 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 oceasional or frequent self-fertilisation, so as 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 understanding how an organism, formed by the con-
jugation of two individuals which represented the two
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incipient sexes, might have given rise by budding first
to a moncecious and then to an hermaphrodite form ;
and in the case of animals even without budding to
an hermaphrodite form, for the bilateral structure of
animals perhaps indicates that they were aboriginally
formed by the fusion of two individuals.

It is a more difficult problem why some plants and
apparently all the higher animals, after becoming her-
maphrodites, have since had their sexes re-separated.
This separation has been attributed by some natural-
ists to the advantages which follow from a 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 distinet individuals. In some instances the sexes
may have been re-separated for the sake of preventing
too frequent self-fertilisation; but this explanation
does not seem probable, as the same end might have
been gained by other and simpler means, for instance
dichogamy. It may be that the production of the
male and female reproductive elements and the
maturation of the ovules was too great a strain and
expenditure of vital force for a single individual to
withstand, if endowed with a highly complex organi-
sation ; and that at the same time there was no need
for all the individuals to produce young, and conse-
quently that no injury, on the contrary, good resulted
from half of them, or the males, failing to produce
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
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species of plants are crossed, they produce with the
rarest exceptions fewer seeds than the normal number.
This unproductiveness varies in different species up to
sterility so complete that not even an empty capsule
is formed ; and all experimentalists have found that
it is much influenced by the conditions to which the
crossed species are subjected. The pollen of each
species is strongly prepotent over that of any other
species, so that if a plant’s own pollen is placed on
the stigma some time after foreign pollen has been
applied to it, any effect from the latter is quite obli-
terated. It is also notorious that not only the parent
species, but the hybrids raised from them are more or
less sterile ; and that their pollen is often in a more
or less aborted condition. The degree of sterility of
various hybrids does not always strictly correspond
with the degree of difficulty in uniting the parent
forms. When hybrids are capable of breeding inter se,
their descendants are more or less sterile, and they
often become still more sterile in the later generations ;
but then close interbreeding has hitherto been practised
in all such cases. The more sterile hybrids are some-
times much dwarfed in stature, and have a feeble con-
stitution. Other facts could be given, but these will
suffice for us. Naturalists formerly attributed all these
results to the difference between species being funda-
mentally distinct from that between the varieties of
the same species ; and this is still the verdict of some
naturalists.

The results of my experiments in self-fertilising and
cross-fertilising the individuals or the varieties of the
same species, are strikingly analogous with those just
given, though in a reversed manner. With the majority
of species flowers fertilised with their own pollen yield
fewer, sometimes much fewer seeds, than those ferti-
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lised with pollen from another individual or variety.
Some self-fertilised flowers are absolutely sterile; but
the degree of their sterility is largely determined by
the conditions to which the parent plants have been
exposed, as was well exemplified in the case of Esch-
scholtzia and Abutilon, The effects of pollen from the
same plant are oblif d by the prep: infl

of pollen from another individual or variety, although
the latter may have been placed on the stigma 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 I have not met with any case
of complete sterility in self-fertilised seedlings, as is
s0 common with hybrids. The degree of their sterility
does not correspond with that of the parent-plants when
first self-fertilised. The offspring of self-fertilised
plants suffer in stature, weight, and constitutional
vigour more frequently and in a greater degree than
do the hybrid offspring of the greater number of
crossed species. Decreased height is transmitted to
the next g ion, but I did not rtain whether
this applies to decreased fertility.

1 have elsewhere shown * that by uniting in various
ways dimorphic or trimorphic h yled plants,
which belong to the same undoubted species, we get
another series of results exactly parallel with those
from crossing distinct species. Plants illegitimately
fertilised with pollen from a distinct plant belonging
to the same form, yield fewer, often much fewer seeds,
than they do when legitimately fertilised with pollen
froma plant belonging to a distinet form. They some-
times yield no seed, not even an empty capsule, like

* * Journal Linn. Soc. Bot." vol. x. 1867, p. 893
2n
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a species fertilised with pollen from a distinct genus.
The degree of sterility is much affected by the condi-
tions to which the plants have been subjected.* The
pollen from a distinet form is strongly prepotent over
that from the same form, although the former may
have been placed on the stigma many hours afterwards.
The offspring from a union between plants of the same
form are more or less sterile, like hybrids, and have
their pollen in a more or less aborted condition ; and
some of the seedlings are as barren and as dwarfed as
the most barren hybrid. They also resemble 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 condition or by spontaneous variation. It
is probable that nearly the same conclusion may be
extended to heterostyled plants; but this is not the
proper place for discussing the origin of the long-
styled, short-styled and mid-styled forms, which all
belong to the same species as certainly as do the two
sexes of the same species. We have therefore no right”
to maintain that the sterility of species when first

* ¢Journal Linn, Soc. Bot." vol. viii. 1864, p. 180.
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crossed and of their hybrid offspring, is determined by
some cause fundamentally different from that which
determines the sterility of the individuals both of
ordinary and of heterostyled plants when united in
various ways. Nevertheless, I am aware that it will
take many years to remove this prejudice.

There is hardly anything more wonderful in nature
than the iti of the sexual el ts 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 not great changes cause them
to be quite sterile without any apparent injury to their
health. We see how sensitive the sexual elements of
those plants must be, which are completely sterile with
their own pollen, but are fertile with that of any other
individual of the same species. Such plants become
either more or less self-sterile if subjected to changed
conditions, although the change may be far from great.
The ovules of a heterostyled trimorphic plant are
affected very differently by pollen from the three sets
of stamens belonging to the same species. ~With
ordinary plants the pollen of another variety or merely
of anotherindividual of the same varietyis 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 close correspondence between the degree

282

@ The Complete Work of Charles Darwin Online



468 GENERAL RESULTS, Crap. XIL

of sterility and the amount of external difference in the
species which are erossed ; and still more clearly in the
wide difference in the results of crossing reciprocally
the same two species;—that is, when species A is
crossed with pollen from B, and then B is crossed with
pollen from A, Bearing in mind what has just been
said on the extreme sensitiveness and delicate affinities
of the reproductive system, why should we feel any
surprise at the sexual elements of those forms, which
we call species, having been differentiated in such a
manner that they are incapable or only feebly capable
of acting on one another? We know that species have
generally lived under the same conditions, and have
retained their own proper characters, for a much longer
period than varieties. TLong-continued domestication
eliminates, as T have shown in my ‘Variation under
Domestication,” the mutual sterility which distinet
species lately taken from a state of nature almost always
exhibit when intercrossed; and we can thus understand
the fact that the most different domestic races of animals
are not mutually sterile. But whether this holds good
with cultivated varietics of plants isnot known, though
some facts indicate that it does. The elimination of
sterility through long-continued domestication may
probably be attributed to the varying conditions to
which our domestic animals have been subjected ; and
no doubt it is owing to this same cause that they with-
stand great and sudden changes in their conditions of
life with far less loss of fertility than do natural species.
From these several considerations it appears probable
that the difference in the affinities of the sexual
elements of distinet species, on which their mutual
incapacity for breeding together depends, is caused by
their having been habituated for a very long period
each to its own conditions, and to the sexual elements
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having thus acquired firmly fixed affinitios. However
this may be, with the two great classes of cases before
us, namely, those relating to the self-fertilisation and
eross-fertilisation of the individuals of the same species,
and those telating to the illegitimate and legitimate
unions of heterostyled plants, it is quite unjustifiable to
assume that the sterility of species when first crossed
and of their hybrid offspring, indicates that they
differ in some fundamental manner from the varieties
or individuals of the same species.
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removal of corolla, 420
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LABIATE.

L

Labiatw, 93

Lactuca sativa, 173, 369 ; measure-
ment, 174; prepotency of other
pollen, 397

Lamium' awum, 389, 416

7
on experiments, 2657
flowering, 205 oross-fertilisation,
908 oo, 316, 25, selEferile,

period of

—_— gm..d.ﬂm,, 155, 360
—— nissolia, 367
—— sylvestri, perforation of corolla,

429

Lawes and Gilbert, Messrs., con-
sumption of inorganio matter by
plants, 18

Laxton, Mr, crossing varieties of
peas, 163, 305

Leoop, Cyclamen repandum, 215 ; on
Fumariacew, 350 annual plants
rarely dicious, 4

Leersia oryzoi

yzoides, 330
Lequminose, 147 ; summary on the,

Leighton, Rev. W. A., on Phaseolus
waltiorus, 15; doaoa magnfed,
405

Leptosiphon androsaceus, 538

Leschenavltia formosa, 56+

Lettuce,

Lilim auratum, 341

Limnanthes douglasi, 145; measure-
monts, 146: aurly flowering of
crossed, 203; secds, 316, 323;
highly self-fertile, S0 "prepo-
teney of other pollen, 307

9,88} sceds, 322;

in

Limar grandiforum, 43
pissimum, 366
Toaaoum, 170

MEBHAN.

Lobelia_erinus, 176; secretion of
nectar in sunshine, 403 ; experi-
ments with bees, 420

Leteliafulgens 179; measurments,

smmacy. o o
, 274; ﬂnwmng of
Sl fotilised, zsu 204, 295:

sceds, 823 sterilo unless visited
by humble-hees, 36+

176; measurements,
carly flowering of
sceds, 325;

— ramosa,
177, 178:
crossed, 293, 295;
self-sterile, 364

Toiselour-Deslongehamp, on
grains of cercals, 354

Lotus mmumu-, 361
J., cross-fertilisation

2 6; on Viola tricolor,

123; bees distinguishing colours,
873; instinet of he“s and insects
sucking nectar,

Lupinus luteus, 147 ; mwuremems,

8; carly flowering of self-ferti-
lised, 204, 296; self-fertile, 367;
prepotency of other pollen,

—— pilosus, 149 ; self-fertile, 367

Lychnis dioica, 411

the

Macnab, Mr.,, on the shorter or
Longer stamens of rhododendrons,

298
Mahonia aquifolium, 395

—— repens,
Malvacea, 140
Uaregraciaees, 104
Mostese, 3, orvesfertlimtion in
Plouny satioion, V615 cabbages
affected by pollen at a distance,

3
—, Dr. Maxwell, on honey-dew,
402

Mensurements, summary of, 241 ;
Table A, 240-213; Table B,
244 Tablo C, 210-252

Medicago lupulina, 36

Mechan, Mr, otising Detunia
‘iolacea by night moth, 1
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MELASTOMACE.

Melastomacez, 298
Melilotus ofiicinalis, 360
ercurialis annua, 418
Millr, Profesor, on chemies] atl-
nity, 436
Mimidus luteus, effects of crossin;
10; eromed. and solt-ertlisod
plants, 64-70; measurements, 7
785 oross with adistinet stock.

7.'.-73 summary of o
of experiments, 265-261;
nnpemnty crossed plants, 286
simultaneous ﬂowzrmg, m 2%,
effects rerossing, * 301
uniform colour of sl Tortilised,

s, 815, 2, 824

ighly st fortil, 3, 565 pre-

potency of other polien, 392, 397
-roses, 65

Miner, Mr. red clover never sucked
by hive-bees in the United States,

}Ilvmbtlxl. dwarfed plants aised by
using too fow pollen-grains, 208 ;
number of grains necessary f
yofetilisation, $77

ell, , on first-cousins inter-
murying,

Monochatum ensiferus

Aoarer e on Cheraian 595

Miller, Fritz, on Po o

, 891 ; experiments on

hybrid Abutilons and Bignonias,

, 306; large
orchidaceous genera sterile in

their native home, also Bignonia

342, eross-fertilisation by means
of 1; imperfectly deve-
loped male and female Termites,
380; food-bodies in Cecropia, 404

Miiller, Hermann, feriilisation of

lowers by insces, 6,
Digitalis. purpures, 83, Cileco-

=

NAUDIN.

Verbascum

the

laria, 87 Linoria weigarls, 85
nigrum,

lbo 161; on Sarothamnus scopa-

£8a nck sstikingenantir 10A)

Apium petroselinum,

ojﬂa e, 185 e v viseaa
bees in Germany, 361;

o Jurdly v

ting Fumaria
officinalis, 366; comparison_of
Towland and alpine specics, 875
siructute of plauts ddspied to
cross and self-fertilisation, 380;
large conspicuous flowers’ more
frequently visited by insects than
small inconspicuous ones, 383
Solanum generally wnattractive
to insects, 87; Lamium album,
389; on anemophilous plants,
400; fertilisation of I’Yan(ugo.
40 seeretion of neetar,
st gt bkt kg o
415 bees frequenting lowers of
the sume species, 416;
it, 419; powers of iy
diserimination of becs, 422
Miiller, Dr. H., hive-ees
sionally perforite the flower of
Eriea tetraliz, 427; ealyx and
corolla of Rhinanthus alectero-

lophus bared by Bombus mastrs-
catus,

Mgl o spcics of Onei-
dium aria  sterile
with own pol

Myrtacew, 412

N.

Niigeli on odours attracting insects,
874 ; sexual relations, 409\
atural selection, offect upon self-
terility and sl fetlisation, 345,

Nadin cessimio of nles- gl
necessary for (m!ncm 24;
Petunia violacea, 1
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NECTAR.
Nectar m;;n\lcdn an exerion, 02
ensure-

& ments, 16 168145 mly tlowering
of crossed plant, 208 ; effects of
oross“an. ol ertliniion, 5031

o ek, 410
A’\' icotiana glutinosa, 210

210; ‘measurements,
of experiments, St 207,
el
268°200; early foworing, 293
295; scods, 393, 825; experi-
ments on. 319 self-fertile, 308
Nolana_ prostrata, 186; measure-
ments,” 187; crossed and_self-
fertilised plants, 277; number of

capsules and seeds, 321, 823;
i B

Nomplaa, 338, 565

0.

Odoursemitted by flowers attractive

o0 utts, S
gle, Dr., M is purpurea,
82} Gesneria, 99 ; it e
4 151, 860, 481; perfora-
tion of coroila, 436 ; case of the
Monkshood, 438

Onagracez, 169

Onion, prepotency of other pollen,
393

Ononis minutissima, 167 ; measure-
aniA, n».s, seeds, 823; self-

())nhr /. a]njrm 350,360, 450
uscifera,

Orangee, sponhnmun i
Orel

idex, 369 excretion
- matter, 10
Orchis, fly, 406

Origanum wulgare, 94; measure.

ents, 93; early flowering of

crossedl plant, 992 offocts of
intercrossing, 301

PHASEOLUS,

3
Poony, number of pollen-grains,

Pa,pavmwe

Papaver ul]mmm. 331, 858

— argemonoides, 366

—— bracteatum, 108

—— dubium, 107

— orientale 1

— rhaas,

—mmmfumm 108, 831, 365

vagum, ‘meastirements,

T109; mumber of cupsules, 315
aeedm 358 ; prepotency of other

Puplllm of tho Visla tricdor -
ive o insects, 12

Purdey, 178

Passifiora al

l measurements,
171'; erossod and selt fortilsed,
276; seeds, 323; self - fortile,
865
Passifloracew, 171, 357
Pea, common, 160, 851
ium sonale, 142; measure-
ments, 143; effects of inter-
crossing, 301; almest self-sterile,
‘15
Pentstemon_argutus, perforated co-
ol 150, 4'2%"43:4”‘rf
Petunia viol
‘nents, 180-208;
196 ; cross with fmb stock, 196
201; relative feriility, 201-208 ;
our, 208 ; summary of experi-
ments, 265, 274; superiority of
crossed over e A

ertilised, 309 ;
seeds, 816, 819, 523, 525 selt
sterile, 362
‘halaris canariensis,
mv.nts.uziw 237; wly ﬂowenng

jus coccineus, 150
—— multiflorus, 150 ; measurement,
il partially sterile, 168, 3601
and “self-fertilised, 276 ;
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PHASEOLUS.

enrly flowering of erossed, 203 ;
sceds, B16; perforate | by humble-
bees, 430

I‘hmeolus  oulgaris, 195; sl Cril,

68, 3
Pisum mhvum. 160 ; measurements,

seldom intercross, 169
summary of experiments, 264,
278; self-fertile,

Plants, greater  consti-
tutional vigour, 285

Dleroma, 364

iace,
I’allen, s fzmmv of flowers
from a distinct plant, or
with their own, 320; difference
of resultsin Nolana prostrata, 321,
7 ceomsed and” self-fertilised

gain  crossed from
dmum plant and their own pol-

len, 824; sterile with their own,
RKDA&BB semi-self-sterile, 338—
340; of, 876; mumber of

gmms 2 Dasdelion, Paony, and
Wistaria_sinensis, 376; mumber
necessary for fertilisation, 377;
G ored from flower o fower

n-nemophvk\\li pllnb,

Pvlynut).ms propotency over cows |

I’alygumm
Posoqueria fragrans, 5, 391
Potato, 387
Poterium sanguisorba, 407
Potts, heads of Antimnlu ‘melanura

covered wi len, 3
Primrose, Chinese, 225
Primula elatior, 432, 427

—— grandiflord, 378
1l

—— sinensis, 79 measure-
‘ments, 227; ml, flowering. of
crossed, 293, 296

— veris (var. _oficinalis), 219;

‘measurements, 221 ; result of ex-
periments, 267, 268; early flower-

SALVIA.

ing of crossed, 293 ; sceds, 317;
seltfertility, 851 progotancy of
daric red palyuntlas, 306

Drimulacss, 2

Pringlon, 40

Proteacea of Australia, 412

Prunus avivm,

—— laurocerasus, 40t

| Peris aquilina, 40+

B.

Radish, 393

Ranunculaces, 198

Ranuneulus acris, 363

Raphanus sativus, 363, 393

Reinke, nectar-secreting glands of

a | Prunus avium, 403

Reseda lutea, 117; measurements,

118, 119; result of experiments,
8395 selffortle, 365

sult
sterilo and selforile, 538, 365
| Resedacem, 117
| Rheun rhaponticum, 401
Rieaia glandulosa, 564
Rhododendron, spontancons oross-
ing, 394
Rlodsiendron aalides, 433
Rhubarb. 394, 401
Ribes aurewm, 432
Riley, Mr., pollen carried by wind,
108 Yoo moth, 13
s, Mr soretion of nocar it
et
\ Rye, e\penmeuz on pollen cf, 376

Salvia cosinety 93; menauremenits
| "98; early flowering of crossed,
204 seeds, 315, 322; partially
self-sterile, 363
—— glutinosa, 427
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SALVIA.
Salria grahami, 426, 428, 433

63;
5-167 ;s nomy
seedlings, 283, 289;
seeds, 323 self-sterile, 360
Scabiosa atro-purpurea, 172; mea-
surements, 172, 173
Searlet-runner, 150
Seott, J., Papaver somniferum, 108 ;
rility of Verbaseun, 3%0: o,..
cidium and Mazillaria, 5
i el o
anat., 362

Serophulariaces, 63
Sulf—(er{ilc varicties, appearance of,
1

Self- remlmmu, mechanical strue-
check, 282

Sellisterilo pl 20-347; wide
e, Dt e
vegotable kingdom, $41; differ

3i2; f

changed  conditions,
necessity of differentiation in the
sexual elements, 347

o et

—— heritic

intercrossing, 595

anace,
.«.,zl.,.m tuberosum, 362, 38
perfoliata, 17+

— !pmlnm, 174; measurements,
175, 176 and self-ferti-
lised, 276 carly flowering of
crosscd, 293; sceds, 323;
fertile, 369

Bgsmoas, Hirberh, shoceioal aflsiy,

Apnmna\nuulxmnuln 3
Sprengel, C. K., fertilisation of
flowers by insécts, 5, 6 Viola
tricolor, 123; colours in flowers
attrct and guido  insecs, 572,
378; on Aristolochia, 417 dooné:

URBAN.

tum napellus, 428 ; importance of
insects in fertilising flowers, 435

Stachys coccinea, , 433

Stellaria media,

Strchey, General, erforatdflowers
in the Himalayn, 4

smwhm?, 594
Strelitzia fertilised by the Nectarini-

71
Strustare of plants adapted to cros
and self fertili-ation, 380

by bees 1n
Sweet-pea, 153

S

Tabernemontana echinata, 331

Tables of measurements of heights,
weights, and fertility of plants,
240-270

foctly developed

Dbnderylalale, 06 BTy 851

Thyme, 4]

Tmn...m., on Solanum tuberosum,
362, 388

Tobaceo, 203

“Transmission of the good effects of
& cross to later generations, 0%

Trees. separated sexes, 411

Trifolium arvense, 367, 384

moamuum, 361

| — min
T o 31, 490, 454
- Prosmsbens, 368
— repens, 36
Tropaolum’ minus, 144; measure-
mente, 145 carly ﬂnwermg of

Typha, 405

v

Unbelifre, 17
o o brglimtion of Medicago
s, 508
21
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VANDELLIA.

Wi

Vandellia nummdarifolia, 90, 278 ;
Aeedn, 815, 322 ; sel -rm-h 369
Vanilla, secretion of nectar, 403
Verbausou lychnitis, 83, 841, 369
311

c) ion, seeds,
316, 825; partially storil, 358
corolla removed, 430

Violaces, 123

Viscaria’ oculata, 130; measure-
ment, 132; nvenge height of

zeA.
crossed and nll'lerllh-d ﬂd
simultaneous

Seeds, 316, 323; sl ferle, 36

w.

Wallage, M, the beaks and faces
of brush-ton; ed lories covered
vmh pollen,

,\;r attractad by Epipacti tati

:lshh. i tive, of crossed and
sltfrtlsed. plants, 244, 253;
period of germivation ol

Souds, 52,955 °
Wilder, Mr, fertlization of flowers

seedlings in
campestris ruta baga, 353
Widaria sinensis, 570, 127

Y.
Yucea moth, 448

z

Zea_mays, 16, 233 urements,

%34, diflronco of height

between crossed and self-fertilised,

288; early flowering of crossed,

293 self-fertile, 369; prepotency
of other pollen,

LONDO: PRINTED BY WILLIAN CLOWES AXD SONS, STANFORD STAKET.
AND CHARING CROSS
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