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Theke

is

flowers of
to
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—

—

—

—

—
—
—

weighty and abundant evidence that the
most kinds of plants are constructed so as

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 distinct plant.

Cross-fertilisa-

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
tion

is

been divided into two sub-classes proterandrous species,
:
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Chap.

I.

in which the pollen

is mature before the stigma, and
proterogynous species, in which the reverse occurs;
this latter form of dichogamy not being nearly so

common

as the other.

sured, in

many

cases,

Cross-fertilisation is also en-

by mechanical contrivances of

wonderful beauty, preventing the impregnation of the
flowers by their own pollen.
There is a small class of

which I have called dimorphic and trimorphic,
but to which Hildebrand has given the more appro-

plants,

name

priate

of heterostyled

;

this

class

consists of

plants presenting two or three distinct forms, adapted
plants with
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
Again, there is a class, in which the
to other flowers.
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
for

reciprocal

fertilisation, so that, like

separate sexes, they can hardly

own

their

pollen.

Lastly,

fail to

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

As

own

pollen.

by such

and efl'ecmight 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
tive

plants are adapted

means

diversified

for cross-fertilisation, it

;

exceptions to the rule of plants being constructed so
as to allow of or to favour cross-fertilisation, for

some

Chap.

I.
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few plants seem to be invariably self-fertilised; yet
even these retain traces of having been formerly
adapted for cross-fertilisation. These exceptions need
not make us doubt the truth of the above rule, any
more than the existence of some few plants which produce 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
and that this end can be gained
act of fertilisation
by hermaphrodite plants with incomparably greater
certainty by self-fertilisation, than by the union of
the sexual elements belonging to two distinct flowers
Yet it is as unmistakably plain that innuor plants.
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 structure. The close proximity of the anthers to the stigma
in a multitude of species favours, and often leads, to
but this end could have been gained
self-fertilisation
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 sufiicient for fertilisation, instead of
millions of grains being produced.
But the openness
of the flower and the production of a great and ap;

;

;

parently wasteful amount of pollen are necessary for
cross-fertilisation.

These remarks are well illustrated

by the plants called cleistogamic, which bear on the
B 2

4
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same stock two kinds of flowers. The flowers of the one
kind are minute and completely closed, so that they
cannot possibly be crossed but they are abundantly
fertile,
although producing an extremely small
The flowers of the other kind
quantity of pollen.
produce much pollen and are open
and these can be,
;

;

and often
also

are, cross-fertilised.

made

Hermann

Miiller has

the remarkable discovery that there are

that is,
some plants which exist under two forms
produce on distinct stocks two kinds of hermaphrodite
;

flowers.

The one form

for self-fertilisation

much more

;

bears small flowers constructed

whilst the other bears larger

and

conspicuous flowers plainly constructed

for cross-fertilisation

by the aid of
no seed.

insects

;

and without

their aid these produce

The adaptation

of flowers for cross-fertilisation

subject which has interested

me

is

a

for the last thirty-

seven years, and I have collected a large mass of observations, but these are now rendered superfluous by

many

excellent works which have been lately pubIn 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 publish many miscellaneous and imperfect observations.
My present work is the complement of that on
Orchids, in which it was shown how admirably these
plants are constructed so as to permit of, or to favour,

the

lished.

;

'

'

or to necessitate cross-fertilisation.

*

'

Gardeners' Chronicle," 1857,
and 1858, p. 828. Also

p. 725,

The adaptations

Annals and Mag. of Nat.
3rd

series, vol.

ii.

Hist.'

1858, p. 462.

Chap.
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5

perhaps more obvious in the

Orchidese than in any other group of plants, but

it

is

an error to speak of them, as some authors have done,
The lever-like action of the
as an exceptional case.
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
Papilionstructure as can be found in any orchid.
aceous flowers, as described by various authors
instance,

by Mr. T. H.

Farrer

—

offer

curious adaptations for cross-fertilisation.

The

Posoqueria fragrans (one of the Rubiacese),
derful

as

—

for

innumerable
is

case of
as

that of the most wonderful orchid.

won-

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;
filaments which

is

one of the

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
Endless other beautiful contrivances

other flower.

for

same purpose could be specified.
Long before I had attended to the fertilisation of
flowers, a remarkable book appeared in 1793 in Germany, 'Das Entdeckte Geheimniss der Natur,' by
C. K. Sprengel, in which he clearly proved by innumerthis

able observations,

how

essential a part insects play in

many

plants.
But he was in advance 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,

the fertilisation of

*

'

Botanische Zeitung,' 1866,

p. 129.

INTRODUCTORY REMARKS.
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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, I became convinced many years ago that it
is a general law of nature that flowers are adapted to
be crossed, at least occasionally, by pollen from a
distinct plant.
Sprengel at times foresaw this law, but
only partially, for it does not appear that he was aware
that there was any difference in power between pollen
from the same plant and from a distinct plant. In the
introduction to his book (p. 4) he says, as the sexes
are separated in so many flowers, and as so many other
flowers are dichogamous, " it appears that nature has
not willed that any one flower should be fertilised by
its own pollen." Nevertheless, he was far from keeping
this conclusion always before his mind, or he did not

* Sir John Lubbock has given
an interesting summary of the
whole subject in his British Wild

known,

visit

species.

He

Flowers considered in relation to

that flowers are adapted for their
own good to the visits of certain
insects
but that the insects
themselves are excellently adapted
for procuring nectar or pollen
from certain flowers. The value
of H. Miiller's work can hardly be
over-estimated, and it is much to
be desired that it should be translated
into
English.
Severin
Axell's work is written in Swedish,
so that I have not been able to

'

Insects,' 1875.

work

'

Hermann Miiller's

Die Befruchtung der Blu-

men durch

Insekten,'

1873, connumber of

an immense
tains
original observations and geneIt is, moreover, inralisations.
valuable as a repertory with references

to

almost

everything

which has been published on the
His work differs from
subject.
that of all others in

what kinds

specifying

of insects, as far as

the flowers of each
likewise enters on

new ground, by showing not only

;

read

it.

Chap.
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see its full importance, as may be perceived by anyone who will read his observations carefully
and he
consequently mistook the meaning of various struc;

But

tures.

work

his discoveries are so

numerous and

his

he can well afford to bear a
small amount of blame. A most capable judge, H.
Muller, likewise says :* "It is remarkable in how very
many cases Sprengel rightly perceived that pollen is
so excellent, that

necessarily transported to the stigmas of other flowers

same species by the insects which visit them,
and yet did not imagine that this transportation was
of any service to the plants themselves."
Andrew Knight saw the truth much more clearly,
for he remarks,! " Nature intended that a sexual inof the

tercourse

should

take place between

plants of the same

neighbouring

After alluding to the
various means by which pollen is transported from
species."

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 Kolreuter plainly hinted at the same law, as
did afterwards another famous hybridiser of plants,
Herbert.^ But none of these distinguished observers
appear to have been sufliciently impressed with the
* Die Befruchtung der Blumen,' 1873, p. 4. His words are
*'
Es ist merkwiirdig, in wie zahlreichen Fallen Sprengel richtig
erkannte, dass durch die Besuchenden Insekten der Biiitheustaub
mit Notliwendigkeit auf die Narben iinderer BlUthen derselben
Art iibertragen wird, ohne auf die
Vermuthung zu kommen, dass in
dieser Wirkung der Nutzen dea
Insektenbesuches fUr die Pflanzen
eelbst gesucht warden miisse."
t Philosophical Transactions,*
1799, p. 202.
'

:

'

de

•
Mem. de TAcad.
X Kolrenter,
St. Petersbourg,' torn. iii. 1809

(published 1811),

p.

197.

After

showing how well the Malvaceae
are adapted for cross-fertilisation,
he asks, " An id aliquid in recessu
habeat, qtiod hujuscemodi flores
nunquam proprio suo pulvere, sed
semper eo aliarum su«e speciei
impregnentur, merito quwritur?
Certe natura nil facit fnistra."
Herbert, ' Amaryllidaeeap, with a
Treatise on Cross-bred
Vegetables,' 1837.
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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-fertilisation."
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
strongly expressed
and I should have added the
;

self-evident
species,

propagation of the

proposition that the

whether by

sation, or asexually

self-fertilisation or

by buds,

by

cross-fertili-

stolons, &c. is of

paramount

Hermann

Muller has done 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
importance.

good with plants

and that

;

it

much time

the sacrifice of too

would be necessary at
and inter-

to self-fertilise

cross plants during several successive generations, in

order to arrive at any result.

I ought to have re-

flected that such elaborate provisions favouring crossfertilisation,

as

we

see in innumerable plants,

would

not have been acquired for the sake of gaining a

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-

distant

breeding

than

animals

so that

;

is

possible

an

with

ordinary bi-sexual

earlier result

might have been

expected.
I was at last led to
in the present

make

the experiments recorded

volume from the following circumstance.

Chap.
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For the sake

of determining certain points with respect

to inheritance,

and without any thought of the

interbreeding,

of close

9

I

effects

together two

raised close

large beds of self-fertilised and crossed seedlings from

To

the same plant of Linaria vulgaris.

the crossed plants

when

and more vigorous than the

my

surprise,

grown were plainly

fully

taller

Bees

self-fertilised ones.

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
that the wild
raised

plants from which

my

;

so

seedlings were

must have been intercrossed during all previous
It seemed therefore quite incredible that

generations.

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
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 seedThis
lings from the carnation, Diantlius caryophyllus.
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
all

;

generation.

Nevertheless, the self-fertilised seedlings

were plainly inferior in height and vigour to the
crossed.

My attention was now thoroughly aroused, for I could
hardly doubt that the difference between the two beds
was due to the one set being the offspring of crossed,
and the other of self-fertilised flowers. xVccordingly I
selected almost by hazard two other plants, which
happened to be in flower in the greenhouse, namely,
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Mimulus

luteus and Ipomoea purpurea, both of which,
unlike the Linaria and Dianthus, are highly selffertile if

insects

are

Some

excluded.

flowers

on a

single plant of both species were fertilised with their

own pollen, and others were crossed with pollen from
a distinct 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
;

and treated in all respects alike and the plants
fully grown were measured and compared.
With
both species, as in the cases of the Linaria and

pots,

;

when

Dianthus, the crossed seedlings were conspicuously
superior in height and in other ways to the selffertilised.

series of

I therefore determined to begin a long
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.
tional

cases, moreover, in

Several of the excep-

which the crossed plants

were not victorious, can be explained.
It should be observed that I have spoken for the
sake of brevity, and shall continue to do so, of crossed

and

self-fertilised

seeds,

seedlings, or plants

;

these

terms implying that they are the product of crossed or
Cross-fertilisation always means
self-fertilised flowers.
a cross between distinct plants which were raised from
Self-fertilisation
seeds and not from cuttings or buds.
always implies that the flowers in question were impregnated 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

ClIAP.
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may be cross-fertilised
have known to hapi^en and when the net
is wet the pollen may be injured.
I used at first
" white cotton net," with very fine meshes, but afterwards 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
and an equal number on the same
their own pollen
plants, marked in a different manner, were at the same
time crossed with ^^ollen from a distinct plant. The
crossed flowers were never castrated, in order to make
the experiments as like as possible to what occurs
under nature with plants fertilised by the aid of
the flowers touch the net they

by

bees, as I

;

;

Therefore,

insects.

may have

crossed

afterwards have

some of the
failed to

been

which were
and
But this and

flowers

be thus

self-fertilised.

fertilised,

some other sources of error will presently be discussed.
In some few cases of spontaneously self-fertile species,
the flowers were allowed to fertilise themselves under
the net and in still fewer cases uncovered plants were
allowed to be freely crossed by the insects which inThere are some great advancessantly visited them.
tages and some disadvantages in my having occasionally 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.
;

;

taken that the seeds were thoroughly
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

Care was

ripened before being gathered.

;
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Sometimes a few would germinate on one
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 seeds.

side before

the opposite sides of several pots.

If one of the

seedlings became sickly or was in any
it

way

young

injured,

was pulled up and thrown away, as well as

its

antagonist on the opposite side of the same pot.

As

a large

to germinate,

number

of seeds were placed

many remained

on the sand
had been

after the pairs

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
selected,

;

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
A vast number soon perished,
in the same pot.
and the tallest of the survivors on both sides when
Plants treated in this
fully grown were measured.
manner, were subjected to nearly the same conditions
as those growing in a state of nature, which have to
struggle to maturity in the midst of a host of
competitors.

On

other occasions, from the want of time, the seeds,

instead of being allowed to germinate on

damp

sand,

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

Chap.
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kinds of seeds would not germinate well when exposed
though the glasses containing them were

to the light

;

kept on the chimney-piece on one side of a room,
and some way from the two windows which faced
the N.E.*
The soil in the pots in which the seedlings were
planted, or the seeds sown, was well mixed, so as to
be uniform in composition. The plants on the two
sides were always watered at the same time and as
and even if this had not been
equally as possible
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 superficial partition, which was always kept directed towards
the chief source of the light, so that the plants on both
I do not believe it
sides were equally illuminated.
possible that two sets of plants could have been subjected to more closely similar conditions, than were
;

my

crossed and self-fertilised seedlings, as

grown

in

the above described manner.

In comparing the two

sets, the eye alone was never
Generally the height of every plant on both
sides was carefully measured, often more than once,
viz., whilst young, sometimes again when older, and

trusted.

finally

when

fully or

almost fully grown.

But

in

which are always specified, owing to the
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

some
want

cases,

* This occurred in the plainest

manner with the seeds of Papaver
vagum and Delphinium consoHda,
and less plainly with those of
Adonis xstivalis and Ononis minulissima.

Rarely more than one

or two of the seeds of these four

germinated on the bare
sand, though left there for some
weeks but when these same seeds
were placed on earth in pots, and
covered with a thin layer of sand,

species

;

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 netch
side seemed fairly to represent the average difierence
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

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
eliminated.

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-

The average or mean heights
were calculated 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
tions into decimals.

;

of the self-fertilised plant in relation to this standard.

With

respect to the crowded plants raised from the

seeds remaining after the

and of which only some

pairs

had been planted,

of the tallest on each side

were measured, I have not thought it worth while to
complicate the results by giving separate averages

Chap.
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them and

for the pairs, but have added up all
and thus obtained a single average.
I long doubted whether it was worth while to give
the measurements of each separate plant, but have
decided to do so, in order that it may be seen that the
for

their heights,

superiority of the crossed plants over the self-fertilised,

does not

commonly depend on the presence

of two or

three extra fine plants on the one side, or of a few

very poor plants on the other side.

Although several

observers have insisted in general terms on the

off-

spring from intercrossed varieties being superior to
either parent-form, no precise

measurements have been

met with no observations on
the effects of crossing and self-fertilising the individuals of the same variety. Moreover, experiments of
mine having been
this kind require so much time

given;* and I have

during

continued

eleven years

—
—that

they are not

likely soon to be repeated.

As only

a moderate

number

were measured,

of crossed

and

self-

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

A

*
summary of these statements, with references, may be
found in my Variation of Animals
'

it

and Plants nnder Domestication,*
chap, xvii., 2nd edit., 1875, vol.
ii.

p. 109.

1

1

1

1

1
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first to last to the same
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 confirmed 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.

subjected from

age, were

conditions,

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

Zea mays (young plants').
Arranged
As

in

Order of Magnitcde.

recorded by Mr. Darwin.

In Separate Pots.

Column

Pot

Pot

Pot

I.

1.

IV.

Crossed.

Self-fert.

Crossed.

Self-fert.

Crossed.

Inches.

Inches,

Inches.

Inches.

Inches.

Inches

23
231
23

201
20
20

221

18f
18

II.

23
12
21

20 i
20

2l'
12

17i

22

20
183

20

2U

181

22
21|
19^

18i
18i

22'
22
211

221
20 i
18|

181
151
16|

18|
18

21
21

16|

23|

18
161

231
22^
211
20

20 i
191
181
12

21

Pot IV.

23

VI.

20i
20

II.

III.

In a Single Series.

III.

22^
23
12

I

2U

18
121
1^1
18

,

18

i

161
151

23
22|
21

18
18
15

12

12i

12

VII.

VIII.

Self-fert. Difference

18i
18
18
18

I7i
164

Inches.

-31

-3
-3|
-3|
-3i
-3i

-H
-3

-3i

16|

-H
-n

15|
12«

+ 31
+ 0g

-2i
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as I received them are shown in columns II.
where they certainly have no prima facie appearance of

The observations
III.,

regularity.

But

as soon as we. arrange

them

in the order of

columns IV. and V., the case is materially
now see, with few exceptions, that the largest

their magnitudes, as in
altered.

We

plant on the crossed side in each pot exceeds the largest j^lant
on the self-fertilised side, that the second exceeds the second,

Out of the fifteen cases in the
two exceptions to this rule. We may

the third the third, and so on.
table, there are only

therefore confidently affirm that a crossed series will always

be found to exceed a self-fertilised series, witliin the range of
the conditions under which the present experiment has been

made.'

Pot.

Crossed.

185

I.

Solf-fert.

191

II.

19

III.

lei

IV.

19f

Difference.

16

-11

-3i

" Next as regards the numerical estimate of this excess.

The

mean

values of the several groups are so discordant, as is shown
in the table just given, that a fairly precise numerical estimate
seems impossible. But the consideration arises, whether the

between pot and pot may not be of much the same
order of importance as that of the other conditions upon which
the growth of the plants has been modified. If so, and only
on that condition, it would follow that when all the measure-

difference

ments, either of the crossed or the self-fertilised plants, were
combined into a single series, that series would be statistically
regular.
The experiment is tried in columns VII. and VIII.,

where the regularity
considering

its

mean

is

abundantly

clear,

as perfectly reliable.

and

justifies

us in

I have protracted

and revised them in the usual way, by
drawing a curve through them with a free hand, but the revision barely modifies the means derived from the original
observations. In the present, and in nearly all the other cases,
the difference between the original and revised means is under
2 per cent, of their value. It is a very remarkable coincidence
these measui-emeuts,

0
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that in the seven kinds of plants, whose measurements I have
examined, the ratio between the heights of the crossed and of
the self-fertilised ranges in five cases within very narrow limits.

In Zea mmjs it is as 100 to 84, and in the others it ranges
between 100 to 76 and 100 to 86."
" The determination of the variability (measured by what is
technically called the probable error ') is a problem of more
delicacy than that of determining the means, and I doubt, after
making many trials, whether it is possible to derive useful
conclusions from these few observations. We ought to have
measurements of at least fifty plants in each case, in order to
be in a position to deduce fair results. One fact, however,
bearing on variability, is very evident in most cases, though not
in Zeob mays, viz., that the self-fertilised plants include the
'

number of exceptionally small specimens, while the
crossed are more generally full grown."
"Those groups of cases in which measurements have been
made of a few of the tallest plants that grew in rows, each of
larger

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

which contained a multitude of

the law of error or any other law, and if the number of individuals in the series is known, it would be always possible to
reconstruct the whole series when a fragment of it has been
given.

But

present case.
is

of

I find no such

The doubt

minor importance

method to be applicable in the
number of plants in each row

as to the

the real diflBculty

;

lies in

of the precise law followed by the series.

our ignorance

The experience

of

the plants in pots does not help us to determine that law,

because the observations of such plants are too few to enable
us to lay down more than the middle terms of the series to
which they belong with any sort of accuracy, whereas the cases
we are now considering refer to one of its extremities. There

which need not be gone into, as the
a complete bar."

are other special difficulties

one already mentioned

Mr. Galton sent

is

me

at the

representations which he had

same time graphical

made

of the measure-

ments, and they evidently form fairly regular curves.
He appends the words " very good " to those of Zea and

Chap.
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also calculated the average height

and self-fertilised plants in the seven
tables by a more correct method than that followed
by me, namely, by including the heights, as estimated
of the crossed

in accordance with statistical rules, of a few

plants

which died before they were measured whereas I
merely added up the heights of the survivors, and
divided the sum by their number. The difference in
our results is in one way highly satisfactory, for
the average heights of the self-fertilised plants, as
deduced by Mr. Galton, is less than mine in all the
cases excepting one, in which our averages are
and this shows that I have by no means
the same
exaggerated the superiority of the crossed over the
;

;

self-fertilised plants.

After the heights of the crossed and self-fertilised
plants had been taken, they were sometimes cut

down

and an equal number of both
weighed. This method of comparison gives very
striking results, and I wish that it had been oftener
Finally a record was often kept of any
followed.
marked difference in the rate of germination of the
of the relative periods
crossed and self-fertilised seeds,
and of
of flowering of the plants raised from them,

close to the ground,

—

their productiveness, that

is,

of the

—

number

of seed-

which they produced and of the average
number of seeds which each capsule contained.

capsules

When

I

began
and

raise crossed

single generation

my

experiments I did not intend to
more than a
but as soon as the plants of the

self-fertilised plants for
;

generation were in flower I thought that I would
raise one more generation, and acted in the following

first

manner.

Several flowers on one or more of the

fertilised plants

were again

self-fertilised

;

self-

and several
c 2

;
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on one or more of the crossed plants were fertifrom another crossed plant of the
same lot. Having thus once begun, the same method
was followed for as many as ten successive generations
with some of the species. The seeds and seedlings were
always treated in exactly the same manner as already
described. The self-fertilised plants, whether originally
descended from one or two mother-plants, were thus in
each generation as closely interbred as was possible
and 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 selffertilised plants of each generation with pollen taken
from a non-related plant that is, one belonging to a
distinct family or stock of the same species and variety.
This was done in several cases as an additional experiment, and gave very striking results. But the plan
usually followed was to put into competition and
compare intercrossed plants, which were almost always

flowers

lised with pollen

—

the offspring of more or less closely related plants, with
the self-fertilised plants of each succeeding generation;

—

all

having been grown under closely similar

more by this method
begun by an oversight and
than if I had always crossed

conditions. I have, however, learnt

of proceeding, which was

then necessarily followed,

the self-fertilised plants of each succeeding generation

with pollen from a fresh stock.
I have said that the crossed plants of the successive

generations were almost always inter-related.

When

the flowers on an hermaphrodite plant are crossed

with pollen taken from a distinct plant, the seedlings
thus raised may be considered as hermaphrodite brothers
or sisters

;

those raised from the same capsule being as

close as twins or animals of the same

litter.

But

in

one sense the flowers on the same plant are distinct

Chap.
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and as several flowers on the mother-plant
were crossed by pollen taken from several flowers on
the father-plant, such seedlings would be in one sense
half-brothers or sisters, but more closely related than

individuals,

are the half-brothers

and

sisters of

ordinary animals.

The flowers on the mother-plant were, however, commonly crossed by pollen taken from two or more distinct plants

;

and

might

in these cases the seedlings

be called with more truth half-brothers or

sisters.

When

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

with most of the plants
some degree and many of them closely related.

in the later generations

;

in

I have only one other point to notice, but this

is one
namely, that the crossed
and self-fertilised plants were subjected in the same
generation to as nearly similar and uniform conditions as
was possible. In the successive generations they were

of the highest importance

;

exposed to slightly different conditions as the seasons
and they were raised at different periods. But
in other respects all were treated alike, being grown
in pots in the same artificially prepared soil, being
watered at the same time, and kept close together
greenhouse or hothouse. They were
in the same
varied,

INTRODUCTORY REMARKS.

22

Chap.

I.

therefore not exposed during successive years to such

great vicissitudes of climate as are plants growing out
of doors.
real Causes of Error in my Ex*
been objected to such experiments
as mine, that covering plants with a net, although only
for a short time whilst in flower, may affect their health
and fertility. I have seen no such effect except in one
instance with a Myosotis, and the covering may not
then have been the real cause of injury. But even if
the net were slightly injurious, and certainly it was not
so in any high degree, as I could judge by the appearance of the plants and by comparing their fertility with

On some apparent and

periments.

—

It has

that of neighbouring uncovered plants,

have vitiated

my

experiments

;

it

would not
more im-

for in all the

portant cases the flowers were crossed as well as
fertilised

self-

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
to fertilise with their

own

pollen

it

was intended

may sometimes have

been afterwards crossed with pollen brought by these
insects from another flower on the same plant but as
we shall hereafter see, a cross of this kind does not
produce any effect, or at most only a slight one. When
two or more plants were placed near 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
crossed with pollen brought by Thrips from a distinct
I have said that the danger is not great,
plant.
because I have often found that plants which are
self-sterile, unless aided by insects, remained sterile
when several plants of the same species were placed
;
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under the same net.
had been presumably

If,

however, the flowers which
by me were in any

self-fertilised

case afterwards crossed

from a distinct plant,
been included amongst
be especially observed
to diminish and not
average height,

23

by Thrips with pollen brought
seedlings would have

crossed

the self-fertilised

;

but

it

should

that this occurrence would tend
to

fertility,

increase

any superiority

in

&c., of the crossed over the

self-fertilised plants.

As the

flowers

which were crossed were never casor even almost certain that I
to cross-fertilise them effectually, and

trated, it is probable

sometimes failed

that they were afterwards spontaneously self-fertilised.

This would have been most likely to occur with dichogamous species, for without much care it is not easy to
perceive whether their stigmas are ready to be fertilised

when the anthers open.

But

in

all

cases,

and the
access of insects, any pollen placed by me on the
stigmatic surface whilst it was immature, would generally have remained there until the stigma was mature
and the flowers would then have been crossed as was

as the flowers were protected from wind, rain,

;

intended.

Nevertheless,

self-fertilised

it is

highly probable

got included amongst the crossed seedlings.

would

be,

that

seedlings have sometimes by this means

as in

The

effect

the former case, not to exaggerate

but to diminish any average superiority of the crossed
over the self-fertilised plants.
Errors arising from the two causes just named, and

—

from others, such as some of the seeds not having
been thoroughly ripened, though care was taken to
avoid this error the sickness or unperceived injury of
any of the plants, will have been to a large extent
eliminated, in those cases in which many crossed and
self-fertilised plants were measured and an average

—

—
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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 wellmatured, or diseased and healthy seeds, would germinate 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.
struck.

Kolreuter and Gartner* have proved that with some
plants several, even as

many

as from fifty to

sixty,

pollen-grains are necessary for the fertilisation of all

Naudin also found in
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

the ovules in the ovarium.
the case of Mirabilis that

if

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 selffertilised and crossed flowers. After having acted in
this manner during two seasons, I remembered that
Gartner thought, though without any direct evidence,
that an excess of pollen was perhaps injurious and it
has been proved by Spallanzani, Quatrefages, and
Newport,! that with various animals an excess of the
seminal fluid entirely prevents fertilisation. It was
therefore necessary to ascertain whether the fertility of
the flowers was afl'ected by applying a rather small and
an' extremely large quantity of pollen to the stigma.
Accordingly a very small mass of pollen-grains was
;

;

*

'

Kenntniss

timg,*
'

1844,

p.

der
345.

BefruchNaiidin,

Nouvelles Archives du Museum,'

torn.

i.

p. 27.

f 'Transactions Philosophical
Soc' 1853, pp. 253-258.
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placed on one side of the large stigma in sixty-four
and a great mass of pollen

flowers of Ipomoea purpurea,

over the whole surface of the stigma in sixty-four other
In order to vary the experiment, half the

flowers.

on plants produced from selfand the other half on plants from
The sixty-four flowers with an excess
crossed seeds.
of pollen yielded sixty-one capsules and excluding
four capsules, each of which contained only a single
poor seed, the remainder contained on an average 5 07
flowers of both lots were
fertilised

seeds,

;

*

The

seeds per capsule.
little

sixty-four flowers with only a

pollen placed on one side of the stigma yielded

and excluding one from the same

sixty-three capsules,

cause as before, the remainder contained on an average

5*129

So that the flowers

seeds.

with

fertilised

little

pollen yielded rather more capsules and seeds than did
those fertilised with an excess

;

but the difference

too slight to be of any significance.

On

is

the other

hand, the seeds produced by the flowers with an excess
of pollen were a little heavier of the two

for 170 of
170 seeds from the
flowers with very little pollen weighed 79 20 grains.
Both lots of seeds having been placed on damp sand
presented no difference in their rate of germination.
We may therefore conclude that my experiments were
not affected by any slight difference in the amount of
pollen used a sufiiciency having been employed in

them weighed 79 67
*

;

grains, whilst

•

;

all cases.

The order

which our subject

be treated in
long series of experiments will first be given in Chapters II. to VI.
Tables will afterwards be appended, showing in a condensed form the relative heights, weights, and fertility
in

the present volume

is

as follows.

will

A

of the offspring of the various crossed

and

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

from

fertilising plants,

discussed.

Anyone not

need
though they
possess, I think, some value, and cannot be all summarised. But I would suggest to the reader to take
as an example the experiments on Ipomoea in Chapter
II.
to which may be added those on Digitalis, Origaspecially interested in the subject

not attempt to read

all

the details;

;

num,

Viola, or the

the

cases

crossed

common
plants

cabbage, as in

all

superior

the

are

to

these
self-

marked degree, but not in quite the
same manner. As instances of self-fertilised plants

fertilised in a

being equal or superior to the crossed, the experiments
on Bartonia, Canna, and the common pea ought to be
but in the last case, and probably in that of
read
;

Canna, the want of any superiority in the crossed
plants can be explained.
Species were selected for experiment belonging to
widely distinct families, inhabiting various countries.
In some few cases several genera belonging to the
same family were tried, and these are grouped together but the families themselves have been arranged
not in any natural order, but in that which was the
most convenient for my purpose. The experiments
have been fully given, as the results appear to me of
Plants bearing
sufficient value to justify the details.
more closely
interbred
flowers
can
be
hermaphrodite
higher
are therewith
the
animals,
and
possible
is
than
;
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throw light on the nature and extent

of the good effects of crossing, and on the evil effects
of close interbreeding or self-fertilisation.

The most

important conclusion at which I have arrived is that
the mere act of crossing by itself does no good.
The
good depends on the individuals which are crossed
differing slightly in constitution,

owing

to their pro-

genitors having been subjected during several generations to slightly diflfereot conditions, or to
call

in

what we

our ignorance spontaneous variation.

conclusion, as

we

This

shall hereafter see, is closely con-

nected with various important physiological problems,

such as the benefit derived from slight changes in the
conditions of life, and this stands in the closest connection with

life itseK.

It throws light

on the origin of

the two sexes and on their separation or union in the

same individual, and lastly on the whole subject of
hybridism, which is one of the greatest obstacles to the
general acceptance and progress of the great principle
of evolution.

In order to avoid misapprehension, I beg leave to
repeat that throughout this volume a crossed plant,

means one of crossed ^parentage, that
one derived from a flower fertilised with pollen
from a distinct plant of the same species. And that
a self-fertilised plant, seedling, or seed, means one
of self-fertilised parentage, that is, one derived from
a flower fertilised with pollen from the same flower,
or sometimes, when thus stated, from another flower
on the same plant.
seedling, or seed,

is,

;
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CHAPTER

Chap.

II.

II.

CONVOLVULACE^.
purpurea, comparison of the height and fertility of the
and self-fertilised plants during ten successive generations
Greater constitutional vigour of the crossed plants The effects
on the offspring of crossing different flowers on the same plant,
instead of crossing distinct individuals
The effects of a cross with
a fresh stock The descendants of the self-fertilised plant named

Ipomcea

crossed

—

—

—

—

Hero

—Summary

cessive crossed

on the growth, vigour, and fertility of the sucand self-fertilised generations Small amount of

—

pollen in the anthers of the self-fertilised plants of the later generations, and the sterility of their first-produced flowers
Uniform

—

colour of the flowers produced by the self-fertilised plants

—Tlie

advantage from a cross between two distinct plants depends on their
diflering in constitution.

A

PLANT of Ipomoea imrpurea, or as it is often called in
England the convolvulus major, a native of South
America, grew in my greenhouse. Ten flowers on this
plant were fertilised with pollen from the same flower
and ten other flowers on the same plant were crossed
with pollen from a distinct plant. The fertilisation of
the flowers with their own pollen was superfluous, as
highly self-fertile but I acted in
the experiments correspond in all
Whilst the flowers are young the stigma
respects.
projects beyond the anthers and it might have been
thought that it could not be fertilised without the aid
of humble-bees, which often visit the flowers but as
the flower grows older the stamens increase in length,
and their anthers brush against the stigma, which thus

this convolvulus is
this

manner

to

;

make

;

;

1
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some pollen. The number of seeds produced
by the crossed and self-fertilised flowers differed very
receives

little.

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

Table
No. of Pot.

I.

{First Generation.)
Seedlings from

Seedlings from

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

87

I.

II.

III.

69
66

1

87
89

73

88
87

68|
60

77

57

516

394

Plants crowded the
tallest one measured on each side.
;

Total in inches.

The average height

is here 86 inches,
only 65 66 inches,
so that the crossed plants are to the self-fertilised in height as
100 to 76. It should be observed that this difference is not due

of the six crossed plants

whilst that of the six self-fertilised plants

is

•

to a few of the crossed plants being extremely tall, or to a few of

the self-fertilised being extremely short, but to all the crossed
The
plants attaining a greater height than their antagonists.
I. were measured at two earlier periods, and
was sometimes greater and sometimes less than that

three pairs in Pot

the difference

30
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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-fertilised
plants, when nearly a foot in height, was half an inch taller
than the crossed plant; and again, when two feet high, it was
1| inch taller, but during the ten subsequent days the crossed
plant began to gain on its antagonist, and ever afterward asserted
its supremacy, until it exceeded its self-fertilised opponent by

16 inches.

The

five crossed plants in Pots I. and II. were covered with a
and produced 121 capsules the five self-fertilised plants
produced eighty-four capsules, so that the numbers of capsules
were as 100 to 69. Of the 121 capsules on the crossed plants
sixty-five were the product of flowers crossed with pollen from a
distinct plant, and these contained on an average 5 23 seeds per
capsule; the remaining fifty-six capsules were spontaneously
self-fertilised.
Of the eighty-four capsules on the self-fertilised
plants, all the product of renewed self-fertilisation, fifty-five
(which were alone examined) contained on an average 4 "85
seeds per capsule. Therefore the cross-fertilised capsules, compared with the self-fertilised capsules, yielded seeds in the
proportion of 100 to 93.
The crossed seeds were relatively
heavier than the self-fertilised seeds.
Combining the above
data (i.e., nmnber of capsules and average number of contained
seeds), the crossed plants, compared with the self-fertilised,

net,

;

•

yielded seeds in the ratio of 100 to 64.
These crossed plants produced, as already stated, fifty-six

spontaneously

self-fertilised

capsules,

and the self-fertilised
The former con-

plants produced twenty-nine such capsules.

tained on an average, in comparison with the latter, seeds
in the proportion of 100 to 99.

In Pot

111.,

on the opposite sides of which a large number of
had been sown and the seed-

crossed and self-fertilised seeds

had at
was
tallest self-fertilised plants 21f
But
the difference afterwards became much gi-eater. The plants on
both sides, from being so crowded, were poor specimens. The
flowers were allowed to fertilise themselves spontaneously under
lings allowed to struggle together, the crossed plants

At one time

no great advantage.
25i inches high, and the

first

the tallest crossed
.

a net; the crossed plants produced thirty-seven capsules, the
self-fertilised plants only eighteen, or as 100 to 47.
The former
contained on an average 3 62 seeds per capsule and the latter
3*38 seeds, or as 100 to 93. Combining these data (i.e., number
•

;

1
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of capsules

and average number

of seeds), the
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crowded crossed

plants produced seeds compared with the self-fertilised as 100

These latter seeds, however, were decidedly heavier, a
hundred weighing 41 64 grains, than those from the capsules
on the crossed plants, of which a hundred weighed 36 79 grains
and this probably was duo to the fewer capsules borne })y the
to 45.

•

'

self-fertilised plants

We

having been better nourished.

that the crossed plants in this the

first

generation,

thus see

when grown

under favourable conditions, and when grown under unfavourable conditions from being much crowded, greatly exceeded in
height, and in the number of capsules produced, and slightly
in the

number

of seeds per capsule, the self-fertilised plants.

—

and self-fertilised Plants of the Second Oeneration.
Flowers on the crossed plants of the last generation (Table I.)
were crossed by pollen from distinct plants of the same generation and flowers on the self-fertilised plants were fertilised by
pollen from the same flower. The seeds thus produced were
treated in every respect as before, and we have in Table II.
Crossed

;

the result.

Table
No. of Pot.

I.

II.

II.

{Second Generation.)

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

87
83
83

67

85
89

en

77S
Total inches.

505

4

68i
80

79
41

398

Here again every single crossed plant is taller than its antaThe self-fertilised plant in Pot I., which ultimately
reached the unusual height of 80f inches, was for a long time
taller than the opposed crossed plant, though at last beaten by
gonist.

The average height of the six crossed plants is 84-16 inches,
whilst that of the six self-fertilised plants is 66 33 inches, or
it.

'

as 100 to 79.

—

Crossed and self-fertilised Plants of the Third Generation.
Seeds
from the crossed plants of the last generation (Table II.) again

—

1
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and from the self-fertilised plants again self-fertilised,
were treated in all respects exactly as before, with the following

crossed,

result

:

Table
No. of Pot.

III.

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

74
72
73

56

54

82
81
82

59
30
66

I.

II.

464-5

Total inches.

Again

all

{Third Generation.)

1

317-0

the crossed plants are higher than their antagonists

their average height is 77 41 inches, whereas that of the selffertilised is 52-83 inches, or as 100 to 68.
*

I attended closely to the fertility of the plants of this third
Thirty flowers on the crossed plants were crossed

generation.

with pollen from other crossed plants of the same generation,
and the twenty-six capsules thus produced contained, on an
average, 4-73 seeds; whilst thirty flowers on the self-fertilised

from the same flower, produced
twenty-three capsules, each containing 4*43 seeds. Thus the
average number of seeds in the crossed capsules was to that in
plants, fertilised with the pollen

A

hundred of the
the self-fertilised capsules as 100 to 94.
crossed seeds weighed 43 "27 grains, whilst a hundred of the selfweighed only 37 63 grains Many of these lighter
placed on damp sand germinated before the
crossed thus thirty-six of the former germinated whilst only
In Pot I.
thirteen of the latter or crossed seeds germinated.
the three crossed plants produced spontaneously under the net
fertilised seeds

•

.

self-fertilised seeds
;

the twenty-six artificially cross-fertilised capsules)
seventy-seven self-fertilised capsules containing on an average
4*41 seeds; whilst the three self-fertilised plants produced

(besides

spontaneously (besides the twenty- three artificially self-fertiHsed
capsules) only twenty-nine self-fertilised capsules, containing on
an average 4 14 seeds. Therefore the average number of seeds
in the two lots of spontaneously self-fertilised capsules was as
'

1
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Taking into consideration the number of capsules

100 to 94.

number of seeds, the crossed jjlants
(spontaneously self-fertilised) produced seeds in comparison with
the self-fertilised plants (spontaneously self-fertilised) in the
proportion of 100 to 35. By whatever method the fertility of
together witli the average

these plants

is

compared, the crossed are more

fertile

than the

self-fertilised plants.

I tried in several ways the comparative vigour and powers of
growth of the crossed and self-fertilised plants of this third
generation.
Thus, four self-fertilised seeds which had just
germinated were planted on one side of a pot, and after an interval of forty-eight hours, four crossed seeds in the same state
of germination were planted on the opposite side and the pot
was kept in the hothouse. I thought that the advantage thus
given to the self-fertilised seedlings would have been so great
that they would never have been beaten by the crossed ones.
They were not beaten until all had grown to a height of 18
inches; and the degree to which they were finally beaten is
shown in the following table (No. IV.). We here see that the
average height of the four crossed plants is 76 62, and of the
four self-fertilised plants 65 87 inches, or as 100 to 86 there;

'

•

fore less than

when both

Table IV. {Third

Generation, the self-fertilised Plants having

had a
No. of Pot.

III.

Total inches.

;

sides started fair.

start of forty-eight hours.)

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

781
77|
73
77

73^
53

«^
751

306-5

263-5

Crossed and self-fertilised seeds of the third generation were
sown out of doors late in the summer, and therefore under
unfavourable conditions, and a single stick was given to each
lot of plants to twine up.
The two lots were sufficiently
separate so as not to interfere with each other's growth, and tlio
ground was clear of weeds. As soon as they were killed by the
first frost (and there was no difference in their hanliuess), the
two tallest crossed plants were found to be 21 5 and 22 5 inches,

also

•

•

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.
•

I likewise sowed at the same time two lots of the

same seeds
which was shady and covered with
The crossed seedlings from the first looked the most

in a part of the garden

weeds.

healthy, but they twined

up

a stick only to a height of 7i inches
all ; and the

whilst the self-fertilised were not able to twine at
tallest of them was only 3^ inches in height.
Lastly,

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

Many

to a height of only 4 inches.

of the crossed seedlings, on the other hand, survived;

and some twined up the stems

of the Iberis to the height of

These cases prove that the crossed seedlings
have an immense advantage over the self-fertilised, both when
growing isolated under very unfavourable conditions, and when
put into competition with each other or with other plants, as
11 inches.

would happen in a state of nature.
Crossed and self-fei-tilised Plants of the Fourth Generation.
Seedlings raised as before from the crossed and self-fertilised plants

—

of the third generation in Table III., gave results as follows

Table V. {Fourth
No. of Pot.

II.

Crosjed Plants.

Self-fertilised Plants.

Inches.

Inches.

84
47

80
44 J

83
59

51J

82

in.

:

Generation.)

73 J

56 i

63"

Total inches.

68^

52

488-5

421-0

1

Here the average height of the seven crossed plants is 69*78
and that of the seven self-fertilised plants 60 14 or as

inches,

"

;

100 to 86. This smaller difference relatively to that in the
former generations, may be attributed to the plants having been
raised during the depth of winter, and consequently to their not

—
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having grown vigorously, as was shown by their general appearance and from several of them never reaching the summits
of the rods. In Pot II,, one of the self-fertilised plants was for
a long time taller by two inches than its opponent, but was
ultimately beaten by it, so that all the crossed plants exceeded
Of twenty-eight capsules produced
their opponents in height.
by the crossed plants fertilised by pollen from a distinct plant,
each contained on an average 4 '75 seeds; of twenty-seven selffertilised capsules on the self-fertilised plants, each contained
on an average 4-47 seeds; so that the proportion of seeds in the
crossed and self-fertilised capsules was as 100 to 94.
Some of the same seeds, from which the plants in the last
Table V. had been raised, were planted, after they had germinated on damp sand, in a square tub, in which a large Brugmansia had long been growing. The soil was extremely poor
and full of roots six crossed seeds were planted in one corner,
;

and

six self-fertilised

seeds in the opposite corner.

All the

grew
Of the crossed plants three
the height of 2 2 inches, but were not

seedlings from the latter soon died excepting one,

and

this

to the height of only I5 inch.

and they grew to
round a stick nevertheless, to my surprise, they
produced some small miserable flowers. The crossed plants
thus had a decided advantage over the self-fertilised plants
under this extremity of bad conditions.
Crossed and self-fertilised Plants of the Fifth Generation.
These
were raised in the same manner as before, and when measured
survived,

able to twine

;

—

gave the following results

Table
No. of Pot.

:

VI. {Fifth Generation.)
Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

L

96
86
69

73
78
29

n.

84
84
76 i

84

Total inches.

The average height

495-25

51

59

374-00

of the six crossed plants is 82 54 inches,
•

D 2
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and that of the six self-fertilised plants 62*33 inches, or as 100
Every crossed plant exceeded its antagonist in height.
In Pot I. the middle plant on the crossed side was slightly
injured whilst young by a blow, and was for a time beaten by
to 75.

opponent, but ultimately recovered the usual superiority.
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 3 37 seeds, whilst those of
the latter contained only 3 0 per capsule, or as 100 to 89. But
its

The

;

•

•

looking only to the artificially fertilised capsules, those on the
crossed plants again crossed contained on an average 4*46
seeds, whilst those on the self-fertilised plants again selffertilised

contained 4*77 seeds; so that the self-fertilised capmore fertile of the two, and of this unusual fact

sules were the

I can offer no explanation.

—

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

Table YII.
No, of Pot.

I.

II.

(Sixth Generation.)

Crossed Plants.

Self-fertilised Plants.

Inches.

Inch(s.

93
91

50 i
65

79

50
87
62

88
III.

Total inches.

87^
525

379

The average height of the six crossed plants is here 87 '5, and
of the six self-fertilised plants 63 16, or as 100 to 72. This large
difference was chiefly due to most of the plants, especially the
•

1
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having become unhealthy towards the close
and they were severely attacked by aphides.

self-fertilised ones,

of their growth,

From

with respect to their
In this generation we have the first instance
of a self-fertilised plant in Pot II. exceeding (though only by
half an inch) its crossed opponent. This victory was fairly won
this cause nothing can be inferred

relative fertility.

self-fertilised plant was several
opponent, but when the latter was 4 2
feet 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 call the " Hero," and experimented on
its descendants, as will hereafter be described.
Besides the plants included in Table VII., nine crossed and
nine self-fertilised plants of the same lot were raised in two
other pots, IV. and V. These pots had been kept in the hothouse, but from want of room were, whilst the plants w^ere
young, suddenly moved during very cold weather into the
coldest part of the greenhouse. They all suffered greatly, and
never quite recovered. After a fortnight only two of the nine
self- fertilised seedlings were alive, whilst seven of the crossed

after a long struggle.

inches taller than

At first the

its

;

survived.

The

tallest of these latter plants

when measured was

47 inches in height, whilst the tallest of the two surviving selffertilised plants was only 32 inches. Here again we see how much
more vigorous the crossed plants are than the self-fertilised.
Crossed and self-fertilised Plants of the Seventh Generation.
These were raised as heretofore with the following result
:

Table
No. of Pot,

I.

VIII. (Seventh Generation.)
Crossed Plants,

Self-fertilised Plants.

Inches,

Inches.
74.6

84
84
76i

IV.
Total inches.

.55^

65

11.

III.

84

90
82|

51i
80

83
86

67 f
60

84i

755-50

751

614-25

—
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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 94 inches, and that of the self-fertilised
plants 68*25, 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
capsules failed, and nothing can be said on their relative
•

fertility.

—

Crossed and self-fertilised Plants of the Eighth Generation. As
just stated, the plants of the last generation, from which the

present ones were raised, were very unhealthy and their seeds
of unusually small size
and this probably accounts, through
abnormal premature growth, for the two lots behaving dif;

ferently to

what they did

Many of the

in any of the previous or succeeding

seeds germinated before
the crossed ones, and these were of course rejected. When the

generations.

self- fertilised

grown to a height of between
they were all, or almost all, shorter than their selffertilised opponents, but were not then measured.
When they
had acquired an average height of 32*28 inches, that of the
self-fertilised plants was 40*68, or as 100 to 122.
Moreover,
every one of the self-fertilised plants, with a single exception,
exceeded its crossed opponent.
When, however, the crossed
plants had grown to an average height of 77 "56 inches, they
just exceeded (viz., by "7 of an inch) the average height of the
self-fertilised plants
but two of the 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 climbing upwards. When their
growth was complete they were untwined, stretched straight,
and measured. The crossed plants had now almost regained
their accustomed superiority, as may be seen in Table IX.
The average height of the eight crossed plants is here 113 25
inches, and that of the self-fertilised plants 96 65, or as 100 to
Nevertheless two of the self-fertilised plants, as may be seen
85.
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
The
self-fertilised plants, and generally flowered before them.
earlier flowers produced by these self-fertilised plants did not
set any capsules, and their anthers contained only a small
amount of pollen but to this subject I shall return. Neverthecrossed seedlings in Table IX. had
1

and 2

feet,

;

;

•

•

;

1
1
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produced by two other self-fertilised plants of the
not included in Table IX., which had been higlily
favoured by being grown in separate pots, contained the large
average number of 5 1 seeds per capsule.

less capsules

same

lot,

•

Table IX. {Eighth
No. of Pot.

Crossed Plants,

Self-fertilised Plants.

Inches.

Inches.

lllf
127
130

54
93^

II.

97
89

94
1251

III.

103
100
147

I.

Total inches.

Crossed

and

The plants

Generation.)

self-fertilised

f

908-25

115^
84 f
109

773-25

Plants of the Ninth

of this generation were raised in the

Qeneration.

—

same manner

as before, with the result shown in Table X.
The fourteen crossed plants average in height 81 '39 inches

and the fourteen self-fertilised plants 64*07, or as 100 to 79.
One self-fertilised plant in Pot III. exceeded, and one in Pot IV.
The self-fertilised plants
equalled in height, its opponent.
showed no sign of inheriting the precocious growth of their
parents; this having been due, as it would appear, to the
abnormal state of the seeds from the unhealthiness of their
The fourteen self- fertilised plants yielded only forty
parents.
spontaneously self-fertilised capsules, to which must be added
seven, the product of ten flowers artificially self-fertilised.

On

the other hand, the fourteen crossed plants yielded 152 spontaneously self-fertilised capsules but thirty-six flowers on these
;

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

would probably have produced about thirty spontaTherefore an equal number
neously self-fertilised capsules.
of the crossed and self-fertilised plants would have produced
capsules in the proportion of about 182 to 47, or as 100 to 2G.
flowers

Another j^henomenon was well pronounced in this generation,
but I believe had occurred previously to a slight extent

;

11

11
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namely, tliat most of tlie flowers on the self-fertilised plants
were somewhat monstrous. The monstrosity consisted in the
corolla being irregularly split so that it did not open properly,
with one or two of the stamens slightly foliaceous, coloured,
and firmly coherent to the corolla. I observed this monstrosity

on the crossed plants. The self-fertilised
would almost certainly, in a few more
double flowers, for they had already
produced
have
generations,
become in some degree sterile.*
in only one flower

plants,

if

well nourished,

Table X. (Ninth
No. of Pot.

Generation.)

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

83|
85|

57
71

83

48

II.

83
64
643

45
43
38

III.

79
88'

63
71
89|

61
82
90

IV.

82

1

67

891
92|
92

V.

Crowded

plants.

70

897-0

1139-5

Total inches.

3

Crossed and self-ftrtilised Plants of the Tenth Generation.— Six
plants were raised in the usual manner from the crossed plants
of the last generation (Table X.) again intercrossed, and from
the self-fertilised again self-fertilised. As one of the crossed

plants in Pot

I.

in the following table

became much diseased,

having crumpled leaves, and producing hardly any capsules,
and its opponent have been struck out of the table.
*

of

See on this subject Variation
under
'

Animals and Plants

Domestication,' cliap.
ii. p. 152.

edit. vol.

xviii.

it

2nd

1
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Table XI. {Tenth
No. of rot.

Generation.)

Crossed Plants.

Self-fertilised Plants,

Inches.

Indies.

92

I.

41

i

94
87
89
105

11.

49
66

252-0

4G8-5

Total inches.

I

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

fertilised

taneously 101 capsules, and the six self-fertilised plants 88,
the latter being chiefly produced by one of the plants. But as
the diseased plant, which yielded hardly any seed,

is

here included,

the ratio of 101 to 88 does not fairly give the relative fertility
lots.
The stems of the six crossed plants looked so
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
only 1,173 grains, or as 100 to 44; but as the diseased and
dwarfed crossed plant is here included, the superiority of the
former in weight was really greater.

of the

much

two

finer

The Effects on the Offspring of crossing different Flowers
on the same Plant, instead of crossing distinct Individuals.
In all the foregoing experiments, seedlings from

—

by pollen from a distinct plant (though
more or less closely related)
were put into competition with, and almost invariably
proved markedly superior in height to the offspring

flowers crossed

in the later generations

from

self-fertilised

flowers.

I wished,

therefore, to

ascertain whether a cross between two flowers on the

same plant would give

to the offspring

any superiority

;
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over the offspring from flowers fertilised with their
pollen.
I procured some fresh seed and raised

own

two plants, which were covered with a net

;

and several

of their flowers were crossed with pollen from a dis-

on the same plant. Twenty-nine capsules
thus produced contained on an average 4 86 seeds per
capsule and 100 of these seeds weighed 36 77 grains.

tinct flower

•

•

;

Several other flowers were fertilised wdth their

own

and twenty-six capsules thus produced contained on an average 4 42 seeds per capsule
100 of
which weighed 42 61 grains. So that a cross of this
kind appears to have increased slightly the number of
seeds per capsule, in the ratio of 100 to 91
but these
pollen,

•

;

*

;

crossed seeds were lighter than the self-fertilised in the

86 to 100.
I doubt, however, from other
whether these results are fully trustworthy. 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
The result is shown in
this pot were measured.
Table XII.
ratio of

observations,

;

The average height of the thirty-one crossed

plants

is

73*23 inches, and that of the thirty-one self-fertilised
Looking to
plants 77*41 inches; or as 100 to 106.
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

fertilised

flowered

same pot
first.

It

;

whilst eight of the self-

thus

appears that the

1
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FLOWERS ON SAME PLANT CROSSED.
Table XII.
No. of Pot.

T

1.

Crosjed Plants.

Self-fertilised Plants.

Inches.

Inches.

oZ

77
'

o

87
64

1

65
76
78 ^
43
65|

II.

TTI
lit.

85
89

IV

V

'

4

s

871

84
86^
90

00
69
87|

QQ
OO

'AD

73|
67

88^
84^

0

bbg

/

4

766
57

8M

79

79f

82
55

76
84
79

77
83
734

VT
V 1.

VII.

o

7fi 4

67
83

82
80 g

IX.

732
78

78|
67|

X.

34
82
84 f
71

82*
30 6
69^
75 i

2270-25

2399-75

VJII.

Crowded

plants.

Total inches.

<
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crossed plants are slightly inferior in height and in
earliness of flowering to the self-fertilised.
inferiority in height is so small,

namely

as

But the

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

The twenty -seven crossed plants
weighed them.
weighed 16J ounces, and the twenty-seven self-fertilised plants 20J ounces; and this gives a ratio of
100 to 124.
A self-fertilised plant of the same parentage as those
in Table XII. had been raised in a separate pot for a
and it proved partially sterile, the
distinct purpose
;

anthers containing very

Several flowers

little pollen.

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

on

this plant

;

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.

four crossed plants were

All these

inferior in height to their

opponents; they averaged 78*18 inches, whilst the
or as
four self-fertilised plants averaged 84 8 inches
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 distinct individuals.
* From one of these self-fertiUsed plants, spontaneously selffertilised, I gathered twenty-four
capsules, and they contained on

3' 2 seeds per
capsule
so tliat this plant had
apparently inherited some of the

an average only
;

sterility of its parent.

CROSS WITH A FRESH STOCK.

ClIAP. II.

The

Effects

on

tJie
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Offspring of a Cross with a distinct

—

to the same Variety.
From the
two foregoing series of experiments we see, firstly, the
good effects during several successive generations of
a cross between distinct plants, although these were
in some degree inter-related and had been grown
under nearly the same conditions and, secondly, the
absence of all such good effects from a cross between

or fresh Steele belonging

;

flowers

on the same plant

;

the comparison in both

made with the offspring of flowers fertilised
with their own pollen. The experiments now to be
given show how powerfully and beneficially plants,
cases being

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 different conditions.
Several flowers on the crossed plants of the ninth generation
in Table X., were crossed with pollen from another crossed plant

same

of the

lot.

The

intercrossed generation,
plants."

seedlings thns raised formed the tenth

and I

will call

them the

"intercrossed

Several other flowers on the same crossed plants of

the ninth generation were fertilised (not having been castrated)
with pollen taken from plants of the same variety, but belonging
to a distinct family, which had been grown in a distant garden
at Colchester, and therefore under somewhat different conditions.
The capsules produced by this cross contained, to my surprise,
fewer and lighter seeds than did the capsules of the intercrossed
plants
but this, I think, must have been accidental. The seedThe
lings raised from them I will call the " ColcJiester-o ossed."
two lots of seeds, after germinating on sand, were planted in
the usual manner on tlie opposite sides of five jiots, and the
remaining seeds, whether or not in a state of germination,
were thickly sown on the opposite sides of a very large pot,
No. VI., in Table XIII. In three of the six pots, after the
young plants had twined a short way up their sticks, one of the
;

—

1
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than any one of

taller

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 Colchester-crossed plants in Pot IV., when

about two-thirds grown, became

much

together with

opponents,

their

intercrossed

diseased,

and were,

rejected.

The

remaining nineteen plants, when almost fully grown, were
measured, with the following result
:

Table XIIL
No. of Pot.

Colchester-crossed
Plants.

Intercrossed Plants of
the 'i'enth Generation.

Inches.

Inches.

87
87

—

85^

78
68^
94

93 i
85^
yug

60
871
A ^A
40
g

III.

84
92
85

70^
81|
86|

IV.

95

V.

90
86
84

85 f
63
62

90|

434
391

I.

II.

VI.
Crowded plants

in a

very large pot.

Total inches.

.

65^

i

75
71
83 f
63
65

30
86
53
48 f

1596-50

1249-75

In sixteen out of these nineteen

pairs, the Colchester-crossed

plant exceeded in height its intercrossed opponent. The average
height of the Colchester-crossed is 84 "03 inches, and that of

the intercrossed 65-78 inches; or as 100 to 78.

"With respect

;
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to the fertility of the two lots, it was too troul)lesome to collect
and count the capsules on all the plants so I selected two of
the best pots, V. and VI., and in these the Colchester-crossed
produced 269 mature and half-mature capsules, whilst an equal
number of the intercrossed plants produced only 154 capsules
or as 100 to 57. By weight the capsules from the Colchestercrossed plants were to those fi-om the intercrossed plants as
100 to 51 so that the former probably contained a somewhat
;

;

larger average

We

number

of seeds.

from this important experiment that
related, which had been intercrossed during the nine previous generations, when they
were fertilised with pollen from a fresh stock, yielded
learn

plants in

some degree

seedlings as superior to the

seedlings of the tenth

intercrossed generation, as these latter were to the self-

corresponding generation. For
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
fertilised plants of the
if

plants were in height to the self-fertilised as 100 to 79,
fertility as 100 to 26
whilst the Colchester-

and in

;

crossed plants are in height to the intercrossed as 100
to 78,

and in

fertility as

The Descendants of
appeared in

100 to 51.

the self-fertilised Flant,

the Sixth self-fertilised Generation.

named Hero,

—In the

five

tions before the sixth, the crossed plant of each pair

than

its

self-fertilised

opponent

;

tvhich

genera-

was

taller

but in the sixth generation

(Table VII., Tot II.) the Hero appeared, which after a long and
dubious struggle conquered its crossed opponent, though by
only half an inch.

I

was so much surprised

I resolved to ascertain whether

this

at this fact, that

plant would

transmit

powers of growth to its seedlings. Several flowers on
Hero were therefore fertilised with their own pollen, and the
seedlings thus raised were put into competition with self-fertilised and intercrossed plants of the corresponding generation.

its

The three

lots of seedlings

thus

all

belong to the seventh genera-

—

1
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Their relative heights are shown in the two following

tion.

tables

:

Table XIV.
Self-fertilised Plants

No. of Pot.

of the Seventh Generation, Children of

Self-fertilised Plants

of the Seventh Generation.

Hero.

Inches.

Inches.
I.

II.

74
60

89^

55

49

92

82
56
38

61

91f
74
Total inches.

The average height

375-50

447-25

of the six self-fertilised children of

Hero

74 54 inches, whilst that of the ordinary self-fertilised plants
of the corresponding generation is only 62 58 inches, or as 100

is

•

•

to 84.

Table XV.

No. of Pot.

Self-fertilised Plants
of the Seventh Generation, Children of

Intrrcroyscd Plants of
the Seventh Generation.

Hero.

Inches.

Indies.
III.

92

IV.

87

761
89

861
Total inches.

266-75

252-50

Here the average height of the three self-fertilised children of
Hero is 88 '91 inches, whilst that of the intercrossed plants is
84*16; or as 100 to

We

95.
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,

by a

trifle

generation.

the intercrossed plants,

—

all

and even exceed

of the

corresponding

—

1
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Several flowers on the self-fertilised children of Hero in Tabic

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

:

Table XVI.
Self- fertilised

Grand-

children of Hero,
SiO, 01 rot.

from the

Sell-lertilised

Children. Eighth
Generation.

Grandchildren from a
between the selffertilised Children of
Hero. Eighth Gene-

cross

ration.

Inrhes.
I.

86

II.

96

Inches.

95 §
95^

f

85
93

77i
III.

IV.

V.

Total inches.

of

73
66
84

861
82^

88|
84
36 i
74

663
15|
38

901
901

82 f
83 i

70e

78i

1037-00

973-13

The average height of the thirteen self-fertilised grandchildren
Hero is 79 76 inches, and that of the grandchildren from a
'

cross between the self-fertilised children is 74 85
•

But

;

or as 100 to 94.

grew only to a height of
opponent are struck out, as

in Pot IV. one of the crossed plants

inches and if this plant and its
would be the fairest plan, the average height of the crossed
plants exceeds, but only by a fraction of an inch, that of the self15i-

;

E
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that a cross between the
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. I.), 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
fertilised plants.

It is therefore clear

self-fertilised children of
;

constitution adapted for self-fertilisation.
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 eighth generation of self-fertilised
plants) were fertilised with their own pollen and produced plenty
of capsules, ten of which (though this is too few a number for 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 grandchildren of Hero were slightly monstrous,
;

like those of the ordinary self-fertilised plants of the later generations.

In order not to recur to the subject of fertility,!

may add

that twenty-one self-fertilised capsules, spontaneously produced
by the great-grandchildren of Hero (forming the ninth generation
of self-fertilised plants), contained on an average 4
this is as

high an average as the

'4:7

seeds

;

self-fertilised flowers of

and
any

generation usually yielded.

Hero in
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 grandchild, so that they
may be considered as the offspring of brothers and sisters, and the
Several flowers on the

Table XVI. were

seedlings thus raised
children.

And

self- fertilised

fertilised

may

gi-andchildren of

with pollen from the same flower

;

be called the intercrossed great-gi'andwere fertilised with pollen

lastly, other flowers

;
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from a distinct stock, and the seedlings thus raised may be
In ray anxiety
called the Colchester-crossed great-grandchildren.

what the

to see

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
number of each kind) became very unhealthy,
some growing only a few inches in height, and very few to their
proper height. The result, therefore, cannot be fully trusted
and it would be useless to give the measurements in detail. In
order to strike as fair an average as possible, I first excluded all
the plants under 50 inches in height, thus rejecting all the most
unhealthy plants. The six self-fertilised thus left were on an
average 66 86 inches high the eight intercrossed plants 63 2
high and the seven Colchester-crossed 65 37 high so that
there was not much difference between the three sets, the selfNor was there any
fertilised plants having a slight advantage.
great difference when only the plants under 36 inches in height
were excluded. Nor again when all the plants, however much
dwarfed and unhealthy, were included. In this latter case the
Colchester-crossed gave the lowest average of all and if these'
plants had been in any marked manner superior to the other
two lots, as from my former experience I fully expected they
would have been, I cannot but think that some vestige of such
superiority would have been evident, notwithstanding the very
unhealthy condition of most of the plants. No advantage, as far
as we can judge, was derived from intercrossing two of the
grandchildren of Hero, any more than when two of the children,
were crossed. It appears therefore that Hero and its descendants
have varied from the common type, not only in acquiring great
power of growth, and increased fertility when subjected to selffertilisation, but in not profiting from a cross with a distinct
stock and this latter fact, if trustworthy, is a unique case, a&
far as I have observed in all my experiments.

seedlings (twenty in

•

•

;

•

;

;

;

;

Summary on

Vigour, and Fertility of the
of the crossed and selffertilised
Plants of Ipomoea purjmrea, together imth some miscelthe Growth,

successive Generations

laneous Observations.

In the following table, No. XYII., we see the average
or

mean heights

of the ten successive generations of

the intercrossed and self-fertilised plants, grown in

E 2
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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 pknts being taken at 100.
In the bottom line the mean height of the seventythree intercrossed plants

is

shown

and that of the seventy-three
66-02 inches, or as 100 to 77.

to be 85

the

84 inches,

self-fertilised

Table XVn.
Summary of Measurements

I

Ipomcea purpurea.

•

plants

(in Inches) of

Ten Generations.

Number Average Number Average Ratio between
!

Height

Number

of the Generation.
'

Average

of Self- Height'..

Crossed of Crossed

ferti-

Plants.

lised
Piai,ts.

Heights of
Crossed and

Seli-ferti'

liSKi

Plaut^.

Self-fertilised

Plants.

First generation

Table

S6-00

6

.

Second generation
^

Table

6

65*66

as

100 to

6

66-33

:is

100 to 79

6

52-83

as

100 to 68

60-14

.is

100 to 86

76

I.

II.

77-41

Third generation.
^
Table III.

Fourth generation
"Table V.
Fifth generation

6

62-33 as 100 to 75

6

63-16

as

100 to 72

83-94

9

bS-2o

as

100 to 81

113-25

8

96*65 as 100

to

85

81-39

14

64-07

as

100

to

79

50-40

as

100 to 54

6t!-02

as

100 to 77

82-54

.

Table VI.
Sixth generation
"
Table VII.
.

Seventh generation

.

Table VIII.

Eighth generation
Table IX.

.

.

Ni::tn generation
"

,

8
1

1 -±

Table X.

Tenth genen\tion
"

Table XI.

All the ten generations
^
taken together .
.)

73

85 -84

73
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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 see
;

the relative heights of the seventy-three intercrossed
plants,

The

and of the seventy-three

difference

self-fertilised plants.

height between the

in

g,TA ^th

^th. gih
Gcneralio7i

ytlt-

Qth

crossed

and

giAjQlA MCOJl Of lite tSU
CemTxitiotis

Diagram showing the mean heights of the crossed and self-fertilised
mean height of the
crossed plants being taken as 100. On the right hand, the mean heights of
plants of Ipomoca purpurea in the ten generations; the

the crossed and self-fertilised plants of

all

the generations taken together

are shown.

perhaps be best appreciated
by an illustration If all the men in a country w^re
on an average 6 feet high, and there w^ere 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.
self-fertilised plants will
:
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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 seK-fertilised

being extremely short, but to all the crossed plants
having surpassed their self-fertilised opponents, with
the few following exceptions. The first occurred in
the sixth generation, in which the plant named Hero"
appeared two in the eighth generation, but the selffertilised 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

which they were opposed.
In the right-hand column of figures, the difference
in height between the crossed and self-fertilised plants

plants, to

is seen to fluctuate much,
might indeed have been expected from the small
number of plants measured in each generation being

in the successive generations
as

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-

100 to 54, no doubt was partly accidental,
though, when these plants were weighed, the difference was even greater, viz., 100 to 44. The smallest
tion, viz.,

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
ing their usual degree of superiority.

attain-

This was an
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unfortunate circumstance, but my experiments were
not thus vitiated, as both lots of plants were exposed
the same conditions, whether favourable or un-

to

favourable.

There

is

by

crossed

reason to believe that the flowers of this

when growing out

Ipomoea,

of doors, are habitually

insects, so that the first seedlings

which I

raised from purchased seeds were probably the offspring

of a cross.

I infer that this

is

humble-bees often visiting the
quantity of pollen
flowers

same

;

by them on the stigmas of

sucli

and, secondly, from, the plants raised from the

lot of seed

flowers, for

much

left

firstly from
and from the

the case,
flowers,

as

varying greatly in the colour of their

we

shall hereafter see,

this indicates

remarkable
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
intercrossing.*

It

that the plants raised by

necessarily

therefore,

is,

me

became much more

closely

the later than in the earlier generations,

interbred in

might have
been expected that the difference in height between
them and the crossed plants would have gone on increasing 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
is less than in the first and second generations together.
it

;

When, however, we remember
and crossed plants are
* Verlot says

('

Sur

des Varietes,'

la

all

Produo-

p. GG)
that certain varieties of a closely
allied plant, the Convolvulus tri-

tion

18(55,

that the self-fertilised

descended from the same
color,

cannot be kept pure unless

grown at a distance from
varieties.

all

other
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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
mother-plant, that

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

on the contrary, an astonishing fact,
that the crossed plants should have been victorious,
even to a slight degree, over the self-fertilised plants
generations.

It

is,

of the later generations.

The much

greater

constitutional

vigour

of

the

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

With

respect to the productiveness of the crossed

and

self-fertilised plants of

my

observations unfortunately were not

the successive generations,

made on any

uniform plan, partly from the want of time, and partly
from not having at first intended to observe more than
a single generation. A summary of the results is here
given in a tabulated form, the fertility of the crossed
plants being taken as 100.
First Generation of crossed and self-fertilised Plants
in competition with one another.
Sixty-five

(jrowing

—

capsules produced from flowers on five crossed plants

by pollen from a distinct plant, and fifty-five
capsules produced from flowers on five self-fertilised
plants fertilised by their own pollen, contained seeds
fertilised

100 to 93

in the proportion of

Fifty-six spontaneously self-fertilised capsules

on

the above five crossed plants, and twenty-five spontaneously self-fertilised capsules on the above five selffertilised plants, yielded seeds in the proportion of .

100 to 99
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Combining the total number of cajxsules produced
by these plants, and the average number of seeds in
each, the above crossed and self-fertilised plants
yielded seeds in the proportion of

.

.

100 to 64

.

.

Other plants of this first generation grown under
unfavourable conditions and spontaneously self-fertithe proportion of
Third QeneratUm of crossed and self-fertilised Plants.
Crossed capsules compared with self-fertilised capsules contained seeds in the ratio of
An equal number of crossed and self-fertilised
plants, both spontaneously self-fertilised, produced

100 to 45

capsules in the ratio of

100 to 38
100 to 94

lised, yielded seeds in

.

.

.

.

.

.

.

.

.

—

And

.

.

.

these capsules contained seeds in the ratio of

Combining these

.

100 to 94

data, the productiveness of the

crossed to the self-fertilised plants, both spontane-

ously self-fertilised, was as
.
.
Fourth Generation of crossed and self-fertilised Plants.
.

— Capsules from flowers on

.

.

100 to 35

the crossed plants ferti-

by pollen from another i^lant, and capsules from
flowers on the self-fertilised plants fertilised with their

lised

own

pollen, contained seeds in the proportion of

.

100 to 94

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 proportion of
Ninth Generation of crossed and self-fertilised Plaids.
Fourteen crossed plants, spontaneously self-ferti-

100 to 89

—

lised,

and fourteen

self-fertilised,

self-fertilised plants

spontaneously

yielded capsules (the average

number

.....

of seeds per capsule not having been ascertained) in

the proportion of

.

,

100 to 26

Plants derived from a cross with a fresh Stock compared with intercrossed Plants. The offspring of inter-

—

crossed plants of the ninth generation, crossed by a
fresh stock,

compared with plants of the same stock

intercrossed during ten generations, both sets of plants
left

uncovered and naturally

fertilised,

capsules by weight as

We

see in this table that

produced
100 to 51

the crossed plants are
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always in some degree more productive than the selffertilised plants, by whatever standard they are compared.
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 capsules, and not to each capsule containing a larger
average number of seeds. For instance, in the third
generation the crossed and self-fertilised plants produced 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 selffertilised 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 selffertilised plants may be in part, but not altogether,
attributed to their lessened size or height this being
;

;

due to their lessened constitutional vigour, so
that they were not able to compete with the crossed
The seeds produced
plants growing in the same pots.
by the crossed flowers on the crossed plants were not
always heavier than the self-fertilised seeds on the
The lighter seeds, whether proself-fertilised plants.
duced from crossed or self-fertilised flowers, generally
germinated before the heavier seeds. I may add that
chiefly

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

Chap.
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may have occurred earlier. Several anthers from flowers
on the crossed and self-fertilised plants of the eighth
generation were compared under the microscope and
those from the former were generally longer and plainly
broader than the anthers of the self-fertilised plants.
The quantity of pollen contained in one of the latter
was, as far as could be judged by the eye, about half
of that contained in one from a crossed plant.
The
impaired fertility of the self-fertilised plants of the
eighth generation was also shown in another manner,
which may often be observed in hybrids namely, by the
first-formed flowers being sterile.
For instance, the
fifteen first flowers on a self-fertilised plant of one of the
later generations were carefully fertilised with their
own pollen, and eight of them dropped off at the same
time fifteen flowers on a crossed plant growing in the
same pot were self-fertilised, and only one dropped off.
On two other crossed plants of the same generation,
several of the earliest flowers were observed to fertilise
themselves and to produce capsules. In the plants of
;

—

;

the ninth, and I believe of some previous generations,

very

many

of the

slightly monstrous

flowers,

and

as

already stated, were

was connected
with their lessened fertility.
All the self-fertilised plants of the seventh generation, and I believe of one or two previous generations,
;

this probably

produced flowers of exactly the same tint, namely, of a
rich dark purple.
So did all the plants, without any
exception, in the three succeeding generations of selffertilised plants
and very many were raised on account
of other experiments in progress not here recorded.
My attention was first called to this fact by my
gardener remarking that there was no occasion to label
the self-fertilised plants, as they could always be known
by their colour. The flowers were as uniform in tint
;
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as those of a wild species growing in a state of nature

;

whether the same tint occurred, as is probable, in the
earlier generations, neither my gardener nor self could
The flowers on the plants which were first
recollect.
raised from purchased seed, as well as during the first
few generations, varied much in the depth of the
purple tint many were more or less pink, and occa;

sionally a white variety appeared.

The

crossed plants

continued to the tenth generation to vary in the same
manner as before, but to a much less degree, owing,
probably, to their having become more or less closely
inter-related.

We

must therefore

attribute the extra-

ordinary uniformity of colour in the flowers on the
plants of the

seventh and succeeding self-fertilised

generations, to inheritance not having been interfered

with by crosses during several preceding generations,
life having been

in combination with the conditions of

very uniform.
A plant appeared in the sixth
tion,

self-fertilised

named the Hero, which exceeded by

height

its

a

generalittle in

crossed antagonist, and which transmitted

its powers of growth and increased self-fertility to its
children and grandchildren.
A cross between the
childien of Hero did not give to the grandchildren
any advantage over the self-fertilised grandchildren

raised from the self-fertilised children.

my

And

observations can be trusted, which were

as far as

made on

very unhealthy plants, the great-grandchildren raised
from intercrossing the grandchildren had no advantage
over the seedlings from the grandchildren the product
and what is far more
of continued self-fertilisation
;

remarkable, the great-grandchildren raised by crossing
the grandchildren with a fresh stock, had no advantage

over

either the

grandchildren.

intercrossed

or self-fertilised great-

It thus appears

that

Hero and

its
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descendants differed in constitution in an extraordinary-

manner from ordinary plants of the present
Although the plants raised during ten

species.

successive
generations from crosses between distinct yet interrelated plants almost invariably exceeded in height,
constitutional vigour,

and

fertility their self-fertilised

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
This is a remarkable
fertilised with their own pollen.
oj)lJonents, it has

which seems to indicate that self-fertilisation is
some manner more advantageous than crossing,

fact,

in

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
cross

benefits which so generally follow from a
between two plants apparently depend on the

two differing somewhat in constitution or character.
This is shown by the seedlings from the intercrossed
plants of the

ninth

generation,

when

crossed

with

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 geneWe thus learn the important fact that the
ration.
mere act of crossing two distinct plants, which are
in some degree inter-related and which have been
pollen

long subjected to nearly the same conditions, does
little good as compared with that from a cross between
plants belonging to different stocks or families, and

which have been subjected to somew hat different conWe may attribute the good derived from
ditions.
the crossing of the intercrossed plants during the
ten successive generations to their still differing some-
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what in constitution or character, as was indeed proved
by their flowers still difiering somewhat in colour.
But the several conclusions which may be deduced
from the experiments on Ipomoea will be more fully
considered in the final chapters, after
observations have been given.

all

my

other
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MIMULUS LUTEUS.

III.

CHAPTER

63

III.

S(;R0PHULARIACE^, GeSNERIACE/E, LABIATiB, ETC.

Mimulus

lutcus; height, vigour,

and

fertility of

the crossed aud

self-

—Appearance

of a
new, tall, and highly self-fertile variety— Offspring from a cross
between self-fertilised plants Effects of a cross with a fresh stock
Summary on
Effects of crossing flowers on the same plant

fertilised

plants of the

tirst

four generations

—

—

—
— Digitalis purpurea, superiority of the crossed
plants — Effects of crossing flowers on the same plant— Calceolaria
— Linaria vulgaris — Verbascum thapsus — Vandellia nummulari— Cleistogamic flowers — Gesneriapendulina— Salvia coccinea—
Origanum vulgare, great increase of the crossed plants by stolons
— Thunbergia
Mimulus

luteus

folia

alata.

In the family of the Scrophulariacea3 I experimented
on species in the six following genera: Mimulus,
Digitalis, Calceolaria, Linaria, Verbascum, and Vandellia.
II.

SCROPHULAEIACE^.— Mimulus

The plants which

luteub.

I raised from purchased seed varied gTeatly

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

;

* I sent several specimens with
variously coloured flowiMS to Kew,
and Dr. Hooker informs me that
they all consisted of 31. luteus.

The flowers with much red have
been named by horticulturists aa
var. Youngianu.
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the two-lipped stigma, the lips of which are irritable and close
If no pollen is enclosed
like a forceps on the pollen-grains.
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
left

as soon as it enters any other flower, plenty of pollen is
on the stigma, which will be thus cross-fertilised. Never-

theless, if insects are excluded, the flowers fertilise

themselves

and produce plenty of seed but I did not ascertain
whether this is effected by the stamens increasing in length
with advancing age, or by the bending down of the pistil. The

perfectly

;

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

more highly

;

it

likewise became

resembles the
plant named Hero, which appeared in the sixth self-fertilised
generation of Ipomoea.
Some flowers on one of the plants raised from the purchased
self-fertile,

so that this variety

seeds were fertilised with their own pollen and others on the
same plant were crossed with pollen from a distinct plant. The
;

produced were placed in
and those from the six
crossed 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 Flauts of the First Generation.
Having
seeds from twelve capsules thus

separate watch-glasses for comparison

;

'

'

;

—

ascertained,

by leaving crossed and

self-^fertilised

seed on

damp

sand, that they germinated simultaneously, both kinds were
thickly sown on opposite sides of a broad and rather shallow

pan so that the two sets of seedlings, which came up at the
same time, were subjected to the same unfavourable conditions.
This was a bad method of treatment, but this species was one of
the first on which I experimented. When the crossed seedlings
;

*

'A

Year's Botany,' 1874,

p. ]18.

;;
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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 full
height under the above unfavourable conditions, the four tallest
crossed plants averaged 7 G2, and the four tallest self-fertilised
6 87 inches in height or as 100 to 77. Ten flowers on the crossed
plants were fully expanded before one on the self-fertilised
plants.
A few of these plants of both lots were transplanted
into a large pot with plenty of good earth, and the self-fertilised
plants, not now being subjected to severe competition, grew
during the following year as tall as the crossed plants; but
from a case which follows it is doubtful whether they would
have long continued equal. Some flowers on the crossed plants
were crossed with pollen from another plant, and the capsules
thus produced contained a rather greater weight of seed than
those on the self-fertilised plants again self-fertilised.
Crossed and self-fertilised Plants of the Second Generation.
Seeds
from the foregoing plants, fertilised in the manner just stated,
were sown on the opposite sides of a small pot (I.) and came up
crowded. The four tallest crossed seedlings, at the time of
flowering, averaged 8 inches in height, whilst the four tallest
self-fertilised plants averaged only 4 inches.
Crossed seeds
were sown by themselves in a second small pot, and selffertilised seeds were sown by themselves in a third small pot
so 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 I., in which
the two lots 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
capsmles from the crossed flowers on the crossed plants, and
of twelve capsules from self-fertilised flowers on the self-fertilised
plants, were placed in separate watch-glasses for comparison
and the crossed seeds seemed more numerous by half than the
*

'

;

—

self-fertilised.

The plants on both sides of Pot I., after they had seeded,
were cut down and transplanted into a large pot with plenty of
good earth, and in the following spring, when they had grown
to a height of between 5 and 6 inches, the two lots were equal,
as occurred in a similar experiment in the last generation.
But after some weeks the crossed plants exceeded the self-

F
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ones on the opposite side of the same pot, though not
when they were subjected
to very severe competition.
C7'ossed and self-fertilised Plants of the Third Generation.

fertilised

nearly to so great a degree as before,

—

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 7^ inches, and the two selffertilised ones 8 and 5j inches in height
that is, in the ratio of
100 to 69. Twenty flowers on the crossed plants were again
crossed and produced twenty capsules
ten of which contained
1-33 grain weight of seeds. Thirty flowers on the self-fertilised
plants v/ere again self-fertilised and produced twenty-six
capsules ten of the best of which (many being very poor) contained only 87 grain weight of seeds
that is, in the ratio of
;

;

;

•

;

100 to 65 by weight.

The superiority of the crossed over the self-fertilised plants
was i^roved 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 122 and 81 inches,
whilst the two tallest self-fertilised plants were only 8 and 65
;

inches high.

In a third pot, crossed seeds were sown four days afte the
and the seedlings from the latter had at first, as
might have been expected, an advantage; but whe 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, 82-, and
So that there was not much difference
7k inches in height.
between them, the crossed plants having an average advantage
of only the third of an inch.
The plants were cut down, and
without being disturbed were transplanted into a larger pot.
self-fertilised,

1

Thus

the two lots started fair in 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 85 inches in height or as 100 to 75.
The
two lots were allowed to fertilise themselves spontaneously the
crossed plants produced a large number of capsules, whilst the
The seeds
self-fertilised produced very few and poor ones.
;

:
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from eight of the capsules on the crossed x)lants weighed '05
from eight of the capsules on the self-fertilised plants weighed only "22 grain; or as 100 to Si.
The crossed plants in the above three pots, as in almost all
grain, whilst those

the previous experiments, flowered
Tliis

before the self-fertilised,
occurred even in the third pot in which the crossed seeds

were sown four days after the self-fertilised seeds.
Lastly, seeds of both lots were sown on opposite sides of a
large pot in which a Fuchsia had long been growing, so that the
earth was full of roots. Both lots grew miserably
but the
crossed seedlings had an advantage at all times, and ultimately
;

attained to a height of 3i inches, whilst the self-fertilised seedlings never exceeded 1 inch.
The several foregoing experiments

prove in a decisive manner the superiority in constitutional
vigour of the crossed over the self-fertilised plants.
In the three generations now described and taken together, the
average height of the ten tallest crossed plants was 8 "19 inches,
and that of the ten tallest self-fertilised plants 5 29 inches (the
plants having been grown in small pots), or as 100 to 65.
In the next or fourth self-fertilised generation, several plants
of a new and tall variety ai)peared, which increased in the
•

later self-fertilised generations,

to

owing

to its great self-fertility,

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, I know
not how far it was used for raising the intercrossed plants and
in the later crossed 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 crossed plants consisted of it. Nevertheless, the
results of the later experiments are in some respects well worth
giving.

Crossed and self-fertilised

—

PlanUof the Fourth Generation. Seeds
two kinds, produced in the usual way from the two sets of
plants of the third generation, were sown on opposite sides of
two pots (I. and II.); 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 crimson blotches.
I will call it the
White variety. I believe that it first appeared amongst both the
F 2

of the

;
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crossed and self-fertilised' plants of the last generation
neither

III.

but

;

my gardener nor myself conld remember any such variety

in the seedlings raised from the purchased seed.

It

must

there-

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
fore

variety.

the tallest crossed plant was 8j inches, and the
In Pot II. the tallest
crossed plant was 62- inches, and the tallest self-fertilised plant,

In Pot

I.

tallest self-fertili?ed 5 inches in height.

which consisted of the white variety, 7 inches in height and
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
for twelve flowers on the crossed plants were crossed
fertility
and yielded ten capsules, the seeds of which weighed 1 71 grain.
Twenty flowers on the self-fertilised plants were self-fertilised,
and produced fifteen capsules, all appearing poor and the seeds
from ten of them weighed only "68 grain, so that from an
equal number of capsules the crossed seeds were to the self;

this

;

•

;

weight as 100 to 40.
and self-fertilised Plants of the Fifth Generation.

fertilised in

—

Seeds
from both lots of the fourth generation, fertilised in the usual
manner, were sown on opposite sides of three pots.
When the
Crcsi^ed

seedlings flowered, most of the self-fertilised plants were found
to consist of the tall white variety.

in Pot

Pots

I.

II.

and the

Several of the crossed plants

likewise belonged to this variety, as did a very few in

and

The

Pot I. was 7 inches,
plant on the opposite side 8 inches
and III. the tallest crossed were
and 51, and the
III.

tallest crossed plant in

tallest self-fertilised

in Pots II.

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 self-fertilised and thus we have
a complete reversal of what occurred in the four previous genetallest

;

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
but the crossed plants were somewhat less sterile than

sterile

;

the self-fertilised plants.
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Crossed and self-fertilised Plants of the Sixth Oeneraf/ion.
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 3 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

and

first

plant which flowered

in the other halv a crossed one.

was a

self-fertilised one,

And now

another remark-

was clearly perceived, namely, that the self-fertilised
plants had become more self-fertile than the crossed. The
pots were all put under a net to exclude insects, and the crossed
plants produced spontaneously only fifty-five capsules, whilst
able change

the self-fertilised plants produced eighty-one capsules, or as 100
The seeds from nine capsules of both lots were placed
to 147.
in separate watch-glasses for comparison, and the self-fertilised

appeared rather the more numerous. Besides these spontaneously self-fertilised capsules, twenty flowers on the crossed
plants again crossed yielded sixteen capsules; twenty-five

on the self-fertilised plants again self-fertilised yielded
seventeen capsules, and this is a larger proportional number of
capsules than was produced by the self-fertilised flowers on the
self-fertilised plants in the previous generations.
The contents
flowers

compared in separate
and the seeds from the self-fertilised appeared
decidedly more numerous than those from the crossed plants.
Crossed and self-fertilised Plants of the Stventh Generation.
Crossed and self-fertilised seeds from the crossed and self-fertilised plants of the sixth generation were sown in the usual
manner on opposite sides of three pots, and the seedlings 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

of ten capsules of both these lots were

watch-glasses,

—

generations, belonged to the tall white variety.

Their uniformity

of character, in comparison with the seedlings

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 so great a degree as those first raisetl.
I determined this time to measure the plants on both sides

—
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came up rather

self-fertilised seedlings

crossed, but both lots were for a time of equal height.

III.

before the

When first

measured, the average height of the six

tallest crossed plants in
the three pots was 7 02, and that of the six tallest self-fertilised
When fully grown the
plants 8*97 inches, or as 100 to 128.
'

same plants were again measured, with the

result

shown

in the

following table:

Table XVIII.
No. of Pot.

{Seventh Generation.)

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

Ill

I.

II.

III.

Hi

18

121
111

Hi

91

126

181

Hi
Total iaches.

The average height

—

68-63

93-88

of the six crossed is here 11 "43,

and that

of the six self-fertilised 15-64, or as 100 to 137.

As
its

it

was now evident that the

tall

white variety transmitted

characters faithfully, and as the self-fertiHsed i^lants consisted

exclusively of this variety, it w'as manifest that they would
always exceed in height the crossed plants which belonged
This line of experiment
chiefly to the original shorter varieties.
was therefore discontinued, and I tried whether intercrossing
two self-fertilised plants of the sixth generation, growing in distinct 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 generation of self-fertilised plants, like those in the right-hand column
the crossed plants were the product of six
in Table XVIII.
previous self-fertilised generations with an intercross in the
The seeds were allowed to germinate on sand,
last generation.
and were planted in pairs on opposite sides of four pots, all the
remaining seeds being sown crowded on opposite sides of Pot
V. in Table XIX. the three tallest on each side in this latter pot
being alone measured. All the plants were twice measured the
first time whilst young, and the average height of the crossed plants
;

;

—

—
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When
grown they were again measured, as in the following table
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fully
:

Table XIX.
Intercrossed Plants

No. of Pot.

from

Self-fertilised

Plants of the Sixth
Generation.
Inches.

I.

II.

III.

IV.

Self-fertilised Plants

of the Seventh

Generation.

Inches.

12f
101
10
141

151
115

lOS

n

113
111

7

8i
14§

11
11

13i
12|

lOi

n

ui
7

V.
Crowded.

71

8

81

10|

81

n
n

159-38

175-50

9

Total in iuches.

The average height of the sixteen intercrossed plants is here
9 96 inches, and that of the sixteen self-fertilised plants 10 96, or
as 100 to 110 so that the intercrossed plants, the progenitors of
which had been self-fertilised for the six previous generations,
•

•

;

and had been exposed during the whole time to remarkably uniform conditions, were somewhat inferior in height to the plants
But as we shall preof the seventh self-fertilised generation.
sently see that a similar experiment made after two additional
generations of self-fertilisation gave a different result, I

not

how

far

pots in Table

to

trust the present one.

XIX. a

self-fertilised

know

In three of the

plant flowered

iive

and in
plants were

first,

These self-fertilised
remarkably fertile, for twenty flowers fertilised with their own
pollen produced no less than nineteen very fine capsules
the other two a crossed plant.

!
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of a Cross with a distinct Stock.
plants in Pot IV. in Table
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— Some flowers on the

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 following experiment. Several flowers on these plants were allowed
to fertilise themselves spontaneously (insects being of course
excluded), and the jjlants raised from these seeds formed the
ninth self-fertilised generation they consisted wholly of the tall
Other flowers on the
white variety with crimson blotches.
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
self-fertilised

;

;

generation

;

these I will call the intercrossed 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
They had been grown out of doors, whilst
in no other respect.
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 " Chelsea-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 same time, they were planted in pots superficially divided
The remaining seeds,
into three or two compartments.
whether or not in a state of germination, were thickly sown in
three divisions in a large pot, X., in Table XX. When the plants
had grown to their full height they were measured, as shown in
the following table but only the three tallest plants in each of
the three divisions in Pot X. were measured.
In this table the average height of the twenty-eight Chelseacrossed plants is 21 62 inches that of the twenty-seven intercrossed plants 12*2; and that of the nineteen self-fertilised 10 44.
But with respect to the latter it will be the fairest plan to strike out
two dwarfed ones (only 4 inches in height), so as not to exaggerate
;

•

;

*

the inferiority of the self-fertilised plants

;

and this

will raise the

average height of the seventeen remaining self-fertilised plants
Therefore the Chelsea-crossed are to the interto 11 2 inches.
crossed in height as 100 to 56 the Chelsea-crossed to the selfand the intercrossed to the self-fertilised
fertilised as 100 to 52
;

;

11
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Table XX.
Plants from Selffertilised I'lants of
JciO,

01 rOl.

I.

the lifi^hth G 'ii6rution crossed by
Chelsea Plants.

tercross

beiween

the Plants of the

Eighth
lised

Self-ferti-

Generation.

Inches.

Inches.

30
28 i

14

201
22

II.

Plants from an in-

13

Sflf-fortlliscd

Plants of the Ninth

Generation from
Plants of the
Eighth Seif-fertilised Generation.
Indies.

131

lOf
10

11^
12

llf
123

f

9|

23 i
24
25 i

III.

IV.

22
22
17

V.

VI.

121

8i
111
6i

9i
8^

4
131
11

9

n

22§
19|
23^

11

13
131

28 f
22

18f

12

7

16^

121
VII.

VIII.

12|
24 i
20|
26^

15
i2i

17

13i
i4e

1

22 f
27
IX.

221
6

20|
X.

Crowded

18^

Hi

Hi
17

••

14§

n

Plants.

10 i

8i
10

Total inches.

-•

IH

605-38

329-50

Hi
198-50

:

MIMULUS LUTEUS.

74

Chap.

III.

We thus see how immensely superior in height
the Chelsea-crossed are to the intercrossed and to the self-

as 100 to 92.

They began to show their superiority when
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
fertilised plants.

only one inch high.

that of 100 to 66 and 52.

The intercrossed plants are here to the self-fertilised in
height as 100 to 92; whereas in the analogous experiment
given in Table XIX. the intercrossed plants from the selffertilised plants of the sixth generation were inferior in height
to the self-fertilised plants in the ratio of 100 to 110.
I
doubt whether this discordance in the results of the two
experiments can be explained by the self-fertilised plants in the
present case having been raised from spontaneously selffertilised seeds, 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-eight Chelsea-crossed

plants produced 272 capsules;

the twenty-seven intercrossed
plants produced 24 and the seventeen self-fertilised plants 17
capsules. All the plants were left uncovered so as to be naturally
;

fertilised,

and empty capsules were

rejected.
Capsules.

Therefore 20 Chelsea-crossed plants would have produced 194 29
17 77
20 Intercrossed plants
„
„
„
20*00
20 Self-fertilised plants
„
„
•

•

Grains.

The

.....(
......

seeds contained in 8 capsules from the Chelsea-

1

^ j

I

q

seeds contained in 8 capsules from the Self-fertilised

1

Q.33

plants weighed

f

•

crossed plants weighed

The

seeds contained in 8 capsules from the Intercrossed

plants weighed

The
If

we combine

the

number

of capsules

the average weight of contained seeds,

extraordinary ratios
Weight of seed produced by the same

.

5]^

produced together with

we

get the following

number

of Chelsea-crossed and intercrossed plants

.

)

^
f

Chap.

III.

FLOWERS ON SAME PLANT CROSSED.

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

.
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i

^
f
)
"

f

It is also a remarkable 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 early autumn most of
the pots were bedded out in the open ground and this always
injures plants which have been long kept in a warm greenhouse.
;

All three lots consequently suffered greatly, but the Chelsea-

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 were now cut down but on the 23rd of December
they began to shoot up again from the roots, whilst all the plants
of the other two lots were quite dead.
Although several of the self-fertilised seeds, from which the
plants in the right-hand column in Table XX. were raised, germinated (and were of course rejected) before any of those of the
other two lots, yet in only one of the ten pots did a selfcrossed plants

;

;

fertilised plant flower before the Chelsea-crossed or the inter-

crossed plants growing in the same pots.

two

latter lots flowered at the

crossed grew so

much

taller

The plants

of these

same time, though the Chelseaand more vigorously than the

intercrossed.

As already

stated, the flowers of the plants originally raised

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

;

The Effects on the Offspring of intercrossing Flowers on the
same Plants instead of crossing distinct Individuals. In all the
foregoing experiments the crossed plants were the product of a
I now selected a very vigorous
cross between distinct plants.
plant in Table XX., raised by fertilising a plant of the eighth
self-fertilised generation with pollen from the Chelsea stock.

—

1
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Several flowers on this plant were crossed with pollen from other
flowers on the

same

plant,

and

several other flowers

were

with their own pollen. The seed thus produced was
allowed to germinate on bare sand and the seedlings were
planted in the usual manner on the opposite sides of six
All the remaining seeds, whether or not in a state of
pots.
germination, were sown thickly in Pot VII. the three tallest
plants on each side of this latter pot being alone measured. As I
was in a hurry to learn the result, some of these seeds were sown
late in the autumn, but the plants grew so irregularly during
the winter, that one crossed plant was 282 inches, and two
others only 4, or less than 4 inches in height, as may be seen
Under such circumstances, as I have observed
in Table XXI.
in many other cases, the result is not in the least trustworthy nevertheless I feel bound to give the measurements.
fertilised

;

;

;

Table XXI.

No. of Pot.

I.

II.

Plants raised from a
Cross between different Flowers on the
same Plant.

Plants raised from

Inches.

Inches,

17
9

17

Flowers fertilised
with their own
Pollen.

3|

281
6

13|
III.

2

4
10

IV.

23
15|

V.

7

VI.

18i

1|

11

2

VII.

21

Crowded.

13|

151
11

12|
Total inches.

61
7^

210-88

Hi
140-75

—
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here average 14 05, and the fifteen
plants 9*38 in height, or as 100 to 67. But if

fifteen crossed plants

self-fertilised

77

•

all the plants under ten inches in height are struck out, the ratio
of the eleven crossed plants to the eight self-fertilised plants
is

as 100 to 82.

On
lots

the following spring, some remaining seeds of the two
were treated in exactly the same manner and the measure;

ments of the seedlings are given in the following

table

:

Table XXII.

No. of Pot,

Plants raised from a
Cross between different Flowers on the

same Plant.
Inches.
I.

II.

III.

IV.

V.
VI.

19^
20|

161
131
20|

Hi

isi
15
13|
19|

VIII.

Total in inches.

12

i

19§

nt
121
15i
17

19i

16|
21|

25 i

221

15

19f
161

27

Crowded.

Inchos.

15^
12
101

20

VII.

Plants raised from
Flowers fertilised
with their own Pollen.

i

19i

7i
14
13

7f

18|

m
m

20 i

181

151

370-88

353-63

8
7

;
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Here the average height of the twenty-two crossed plants is
16*85, and that of the twenty-two self-fertilised plants 16*07 or
;

as 100 to 95.

much

But

if

four of the plants in Pot VII., which are

shorter than any of the others, are struck out (and this

would be the

fairest plan), the twenty-one crossed are to the
nineteen self-fertilised plants in height as 100 to 100 6 that is,
are equal. All the plants, except the crowded ones in Pot VIII.,
*

—

measured were cut down, and the eighteen crossed
oz., whilst the same number of self-fertilised
plants weighed lOi oz., or as 100 to 102 5 but if the dwarfed
plants in Pot VII. had been excluded, the self-fertilised would
have exceeded the crossed in weight in a higher ratio. In all
the previous experiments in which seedlings were raised from a
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

after being

plants weighed 10

;

Considering all the evidence with respect to
the plants in Table XXII., a cross between two flowers on the
same plant seems to give no advantage to the offspring thus

opposite side.

produced, the self-fertilised plants being in weight superior. But
conclusion cannot be absolutely trusted, owing to the
measurements given in Table XXI., though these latter, from
the cause already assigned, are very much less trustworthy than
this

the present ones.

Summary
three
plants,

first

—

of Observations on Mimulus luteus. In the
generations of crossed and self-fertilised

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

plants was as 100 to 64.

The

self-fertilised

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.

Chap.

SUMMARY OF

III.

79

OBSEllVATIONS.

In one instance crossed and self-fertilised seedlings,
rich soil and not put into competition with
each other, attain(^d to an equal height. When we

grown in

come

two

to the fourth generation the

plants taken together exceeded

tallest crossed

by only a

little the two
and one of the latter beat
a circumstance which had not

tallest self-fertilised plants,
its

crossed opponent,

—

This victorious

occurred in the previous generations.
self-fertilised plant

consisted of a

new

white-flowered

than the old yellowish
varieties.
From the first it seemed to be rather more
fertile, when self-fertilised, than the old varieties, and

which grew

variety,

in the

taller

succeeding self-fertilised generations became

more and more

In the sixth generation the
compared with the

self-fertile.

self-fertilised plants of this variety

crossed

plants produced capsules

of 147 to 100,

in

the proportion

being allowed to fertilise
themselves spontaneously. In the seventh generation
twenty flowers on one of these plants artificially
lots

yielded no less than nineteen very fine

self-fertilised

capsules

both

!

This variety transmitted

its

characters so faithfully

to all the succeeding self-fertilised generations,

the last or ninth, that

all

the

many

up

to

plants which were

raised presented a complete uniformity of character;

thus offering a remarkable contrast with the seedlings
raised from

the purchased seeds.

retained to the

yellow flowers

;

last

for

Yet

this variety

a latent tendency to produce

when a plant

of the eighth self-

generation was crossed with pollen from a
yellow-flowered plant of the Chelsea stock, every
fertilised

single seedling bore yellow flowers.
at least in

the colour of

its

A

flowers,

similar variety,
also

appeared

amongst the crossed plants of the third generation.
No attention was at first paid to it, and I know not
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was at first used either for crossing or selfIn the fifth generation most of the
self-fertilised plants, and in the sixth and all the
succeeding generations every single plant consisted of
and this no doubt was partly due to its
this variety
self-fertility.
increasing
and
On the other
great
hand, it disappeared from amongst the crossed plants
and this was probably
in the later generations
due to the continued intercrossing of the several
far it

fertilisation.

;

;

plants.

From

the tallness of this variety, the

self-

exceeded the crossed plants in height
in all the generations from the fifth to the seventh
inclusive and no doubt would have done so in the
later generations, had they been grown in competition
with one another. In the fifth generation the crossed
plants were in height to the self-fertilised, as 100 to

fertilised plants

;

and in the seventh
This excess of height may
be attributed not only to this variety naturally growing
taller than the other plants, but to its possessing a
126

;

in the sixth, as 100 to 147

;

generation, as 100 to 137.

peculiar constitution,

continued

so that it did

not suffer from

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

with Mimulus, and if all the seeds had been
mingled together, the offspring of Hero would have

case

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

Chap.
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;

and the seedlings from these crosses were

in competition with self-fertilised plants of the

two corresponding generations. In the first trial the
intercrossed plants were less fertile than the selffertilised, 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
Notwith73, and taller in the ratio of 100 to 92.
standing that the self-fertilised plants in the second
trial were the product of two additional generations
of self-fertilisation, I cannot understand this discordance in the results of the two analogous experiments.
The most important of all the experiments on
Mimulus are those in which flow^ers on plants of the
eighth self-fertilised generation were again self-fertilised
other flowers on distinct plants of the same lot
-were intercrossed and others were crossed with a new
stock of plants from Chelsea.
The Chelsea-crossed
seedlings were to the intercrossed in height as 100 to
and they were to the
56, and in fertility as 100 to 4
5elf-fertilised plants, in height as 100 to 52, and in
These Chelsea-crossed plants
fertility as 100 to 3.
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
is,

the

flowers of the

the pollen

is

same flower

common Foxglove

are proterandrons

;

that

mature and mostly shed before the stigma
is

ready for

fertilisation.

This

is

effected

G

of

bv

;
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the larger humble-bees, which, whilst in search of nectar, carry

The two upper and longer
pollen from flower to flower.
stamens shed their pollen before the two lower and shorter
ones.
The meaning of this fact probably is, as Dr. Ogle remarks,* 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 f found that pollen placed on the stigma
before 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 i^osition they Tf'ould,
as Dr. Ogle also remarks, smear with pollen the whole back and
sides of an entering humble-bee in a useless manner but the
anthers twist round and place 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 seen the under surface of a
humble-bee tliickly dusted with it but this can never be applied to the stigma, as the bees in retreating do not turn their
under surfaces upwards. I was therefore puzzled whether these
but Mr, Belt has, I think, explained
liairs were of any use
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.
Humble-bees can crawl into the dependent flowers
with the greatest ease, using the "hairs as footholds while
sucking the honey
but the smaller bees are impeded by
them, and when, having at length struggled through them, they
reach the slippery precipice above, they are completely
baffled."
Mr. Belt says that he watched many flowers during
a whole season in North Wales, and " only once saw a small
bee reach the nectary, though many were seen trying in vain to
do so." t
I covered a plant growing in its native soil in North Wales
with a net, and fertilised six flowers each with its own pollen.
;

;

;

;

:

;

*
Popular Science Review,'
Jan. 1870, p. 50.
t * Geschlechter - Vertheilung
bei den Pflanzen,' 1867, p. 20.
'

j

'

The

Naturaliiit in Nicara-

gua,' 1874, p. 132. But it appears
from H. Miiiler (' Die Befiuchtuns:
der Blumeu,' 1873, p. 28.5;, that
small insects sometimes succeed
in entering the flowers.

—
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with pollen from a distinct plant growing within
The covered plant was occasionally
feet.

the distance of a few

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 fertilised), 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 capsules, only two contained their full complement of seed
six
contained a moderate supply; and the remaining sixteen extremely few seeds. A little pollen adhering to the anthers after
they had dehisced, and accidentally falling on the stigma when
mature, must have been the means by which the above twentyfour flowers were partially self-fertilised for the margins of the
corolla in withering do not curl inwards, nor do the flowers in
dropping off turn round on their axes, so as to bring the pollencovered hairs, with which the lower surface is clothed, into con;

;

;

tact with the stigma

might be

—by either of which means

self- fertilisation

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 greenhouse.
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

but not nearly so severe as if they had been left in the
the time when they were turned out, their leaves were
between 5 and 8 inches in length, and the longest leaf on
the finest plant on each side of each pot was measured, with the

another

;

At

pots.

result that the leaves of the crossed

average, those of the

In the following

when

self- fertilised

summer

plants exceeded, on an

plants by

'-i

of an inch.

the tallest flower-stem on each plant,

grown, was measured. There were seventeen crossed
but one did not produce a flower-stem. There were idao,
originally, seventeen self-fertilised plants, but these had such
poor constitutions that no less than nine died in the course (-f
fully

plants

;

the winter and spring, leaving only eight to be measured, as in
the following table

:

G 2

1
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Table XXIII.
Flower-stem on each Plant measured : 0 means that
the Plant died before a Flower-stem was produced.

Tlie tallest

No. of Pot.

Crossed Plants.

Self-fertilised Plants,

Inches.

Inches.

53

I.

27

551
57

§

0
0

34|

39
32
21

65
II.

63§
III.

57
53
50 f

371
IV.

64|
37

i

53
0
0
0

34
23 i
0

Y.

53

47 f
34 f

821-25

Total in inches.

0
0
0

287-00

The average height

of the flower-stems of the sixteen croFsed
here 51 33 inches and that of the eight self-fertilised
plants, 35- 87 or as 100 to 70. But this difference in height does

plants

is

'

;

;

not give at

all

a

fair

idea of the vast superiority of the crosse

I

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 1*87 stems, and
plants.

These

latter

these had a less luxuriant appearance.

another
to those

We may put the result in

number of flower-stems on the crossed plants was
on an equal number of self-fertilised plants as 100 to 48.

way

:

the

Three crossed seeds in a state of germination were also planted
and three self-fertilised seeds in the
same state in three other pots.
These plants were therefore
at first exposed to no competition with one another, and when
in three separate pots;
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turned out of their pots into the open ground they were planted
at a moderate distance apart, so that tliey were exposed to

much

The longest

leaves

less severe

competition than in the last case.

on the three crossed plants, when turned out, exceeded those on
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 51' 04 inches in height. The
three self-fertilised plants produced twenty-three flower-steins,
the two tallest of which on each plant had an average height of
46*18 inches. So that the difference between these two lots,
which hardly competed together, is much less than in the last
case when there was moderately severe competition, namely, as
100 to 85, instead of as 100 to 70.
The Effects on the Offspring of intercro/iswg dijftrent Flowers on
the same Plant, im^tead 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 no difference
could be perceived by the eye between the two lots of seeds;
and when they were weighed there was no difference of any significance, as the seeds from the self-fertilised capsules weighed
7*65 grains, whilst those from the crossed capsules weighed
7*7 grains. Therefore the sterility of the present species, when
the self-fertilised plants by a mere

;

—

insects

are excluded,

on the stigma

of the

is

not due to tbe impotence of pollen

same

Both lots of seeds and seedsame manner as in the previous

flower.

lings were treated in exactly the

table (XXIII.), excepting that after the pairs of germinating seeds

had been planted on the opposite sides of eight 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 were turned out of their pots, without being disturbed,

and planted

in the

open ground in two rows, hot very close

together, so that they were subjected to only moderately severe

Very differently to what occurred
plants were subjected to
somewhat severe mutual competition, an equal number on each
The tallest
side either died or did not produce flower-stems.
flower-stems on the surviving plants were measured, as shown in
competition with one another.

in

the first experiment,

the following table

:

—

when the

1111

11

FLOWERS ON SAME PLANT CROSSED.
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Table XXIV.
N.B. 0

signifies that the

Plant died, or did not produce a Fhiverstem.

Plants raised from a
Plants raised from
Cross between difFlowers fertilised
ferent Flowers on the
with thtir own Pollen
same Plant.

No. of Pot.

,

Inches.
I.

II.

Inches.

49
46 i
43

45 f
52

38

54|
471
32|

0
III.

IV.

V.

54|

46

32^
0

41
291

43 i

37^

46

42|
A

VI.

VII.

475

48
42

25
40

48 i

462

VIII.

49
50 i
46^

IX.

Crowded

48 f
46

Plants.

30 i
15

44i

47f
j

0
X.

Crowded

Plants.
i

1

Total inches.

31

i

46 1
35|
24|
41

34i
40 2

17i

41

47i
0

i

995-38

1078-00
1

t
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The average height
crossed plants in

all

87

of the flower-stems on the

the pots taken together

is

twcnty-five

43-12 inches, and

that of the twenty-five self-fertilised plants 39*82, or as 10(J to

In order to test this result, the plants planted in pairs in
to VIII. were considered by themselves, and the average
height of the sixteen crossed plants is here 44*9, and that of the
Again, the
sixteen self-fertilised plants 42*03, or as 100 to 94.
plants raised from the thickly sown seed in Pots XI. and X.,
which were subjected to very severe mutual competition, were
taken by themselves, and the average height of the nine crossed
plants is 39 '86, and that of the nine self-fertilised plants 35*88, or
92.

Pots

I.

The plants

as 100 to 90.

in these

two

latter pots (IX.

and

X.),

measured, were cut down close to the ground and
weighed: the nine crossed plants weighed 57*6G ounces, and
the nine self-fertilised plants 45*25 ounces, or as 100 to 78. On
after being

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

with their own pollen, more especially
mutual competition.
But the advantage is much less than that exhibited by the
crossed offspring of distinct plants, for these exceeded the selffertilised plants in height as 100 to 70, and in the number of
flower-stems as 100 to 48. Digitalis thus differs from Ipomcea,
and almost certainly from Mimulus, as with these two species
a cross between flowers on the same plant did no good.

from flowers

fertilised

in the case of the plants subjected to severe

Calceolaria.

A

hushy greenhouse variety, with yellow flowers blotched with purple.

The flowers in this genus are constructed so as to favour or
almost ensure cross-fertilisation;* and Mr. Anderson remarks
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 seen,
never discover or visit the flowers. This plant is, however, selfSo few experiments were
are excluded.
fertile if insects
made by me, that they are hardly worth giving. Crossed and
self-fertilised seeds were sown on opposite sides of a pot, and
*

Hildebrand, ns quoted by
Die Befruchtung
Miiller,
187S, p. 277.
Blumen,'
der

H.

'

t
p.

*

Gardeners' Chronicle,* 1853,

.'534.

;
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after a time the crossed seedlings slightly exceeded
fertilised in height.

When

a

little

the

self-

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 each side grew np and flowered the crossed plant was
19^ inches in height, and the self-fertilised one 15 inches; or as
;

100 to 77.

LiNARIA VULGARIS.
mentioned in the introductory chapter that two
large beds of this plant were raised by me many years ago from
crossed and self-fertilised seeds, and that there was a conspicuous difference in height and general appearance between the
two lots. The trial was afterwards repeated with more care
but as this was one of the first plants experimented on, my
usual method w^as 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
being left exposed to the bees, which incessantly visit the flowers
of this species, and which, according to H. Miiller, are the
exclusive fertilisers. This excellent observer remarks * that, as
the stigma lies between the anthers and is mature at the same
time with them, self-fertilisation is possible. But so few seeds
are produced by protected plants, that the pollen and stigma of
the same flower seem to have little power of mutual interaction.
The exposed plants bore numerous capsules forming solid
spikes.
Five of these capsules w^ere 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 produced altogether only twenty-five cai^sules, of which five were
much finer than all the others, and these contained an average of
23 6 seeds, with a maximum in one capsule of fifty-five. So that
the number of seeds in the capsules on the exposed plants to
the average number in the finest capsules on the protected
plants was as 100 to 14.
Some of the sj^ontaneously self-fertilised seeds from under
the net, and some seeds from the uncovered plaiits naturally
fertilised and almost certainly intercrossed by the bees, were
sown separately in two large pots of the same size so that the
It has been

;

•

;

*

*

Die Befrucntung/ &c.

p. 279.

;
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were not subjected to any mutual competiThree of the crossed plants when in full flower were
measured, but no care was taken to select the tallest ])lant:->;
their heights were 7^, 7^, and 6*- inches; averaging 7 '08 in
height. The three tallest of all the self-fertilised plants were
then carefully selected, and their heights were 6^, 5^-, and 5^,
averaging 5*75 in height. So that the naturally crossed plants
were to the spontaneously self-fertilised plants in height, at
least as much as 100 to 81.

two

lots of seedlings

tion.

VeRBASCDM THAPSUS.
The

flowers of this plant are frequented

by

chiefly

bees, for the sake of the pollen.

by various

H.

Miiller,

insects,

however,

(* Die Befruchtung,' &c.
p. 277) that V. nigrum
minute drops of nectar. The arrangement of the reproductive organs, though not at all complex, favours crossfertilisation and even distinct 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

has shown
secretes

;

present species

is

perfectly self -fertile,

if

insects are excluded

by a net was as thickly loaded with fine
Verhascum
capsules as the surrounding uncovered plants.
lychnilis is rather less self- fertile, for some protected plants did
not yield quite so many capsules as the adjoining uncovered
for a plant protected

plants.

Plants of

from

V.

thcqmis

had been raised for a distinct purpose
and some flowers on these plants were

self-fertilised seeds

;

again self-fertilised, yielding seed of the second self-fertilised

and other flowers were crossed with pollen from a
The seeds thus produced were sown on the
opposite sides of four large pots. They germinated, however, so
irregularly (the crossed seedlings generally coming up first)
that I was able to save only six pairs of equal age. These when
in full flower were measured, as in the following table (XXV.).
We here see that two of the self-fertilised plants exceed in

generation

;

distinct plant.

height their crossed opponents. Nevertheless the average height
of the six crossed plants is 65 "SI inches, and that of the six
self- fertilised

* I

plants o6*5 inches; or as 100 to 86.

have given a

of a large

number

istiiking case

of sucii

between V. ikapsu» and

liYl)riils

lijcJinitis

found growing wild: 'Journal of
Linn. Soc. Bot.' vol. x. p. iol.

1
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Table XXV.
Self-fertilised

No. of Pot.

of the Second Generation.

Inches.

Inches.

I.

76

53|

II.

54

66

III.

62
601

IV.

73
66|

Total in inches.

Plants

Crossed Plants.

'

75
30

62
52

392-13

339 00
•

VaNDELLIA NUMMULARIFOLIA.
Seeds were sent to me by Mr. J. Scott from Calcutta of this
small Indian weed, which bears perfect and cleistogamic * flowers.
The latter are extremely small, imperfectly developed, and never
expand, yet yield plenty of seeds. The perfect and open
flowers are also small, of a white colour with purple

marks

;

they

produce seed, although the contrary has been
asserted and they do so even if protected from insects. 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 I suspect that this
considerable excess was accidental, as on one occasion nine
crossed capsules were compared with seven self-fertilised capsules (both included in the above number), and they contained
almost exactly the same average number of seed. I may add
generally
;

;

* The convenient term of cleistogamic was proposed by Kuhn in

an
'

article on the present genus in
Bot. Zeitung,' 1867, p. 65.

;
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that fifteen capsules from self-fertilised cleistogamic flowers con-

tained on an average sixty-four seeds, with a

maximum

in one

of eighty- seven.

Crossed and

self-fertilised seeds

from the perfect flowers, and

other seeds from the self-fertilised cleistogamic flowers, were sown
in five pots, each divided superficially into three compartments.

The

seedlings were thinned at an early age, so that twenty
left in each of the three divisions. The crossed plants
in full flower averaged 4 '8 inches, and the self-fertilised

plants were

when

plants from the perfect flowers 4*27 inches in height

or as 100
from the cleistogamic flowers
averaged 4*06 inches in height; so that the crossed were in
height to these latter plants as 100 to 94.
I determined to compare again the growth of plants raised
from crossed and self-fertilised perfect flowers, and obtained two
These were sown on opposite sides of five
fresh lots of seeds.
pots, but they were not sufficiently thinned, so that they grew
rather crowded. When fully grown, all those above 2 inches
in height were selected, all below this standard being rejected
to 99.

The

;

self-fertilised plants

the former consisted of forty-seven crossed and forty-one selfthus a greater number of the crossed than of
fertilised plants
;

the self-fertilised plants grew to a height of above 2 inches. Of
the crossed plants, the twenty-four tallest were on an average
3" 6 inches in height; whilst the twenty- four tallest selffertilised plants were 3 "38 inches in average height; or as 100
All these plants were then cut down close to the ground,
and the forty-seven crossed plants weighed 1090*3 grains, and
the forty-one self-fertilised plants weighed 887*4 grains. Therefore an equal number of crossed and self-fertilised would have
to 94.

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, advantage in height and weight over the
self-fertilised plants, when grown in competition with one
another.

The crossed plants were, however,
self-fertilised.

inferior in fertility to the

Six of the finest plants were selected out of the

and six out of the forty-one selfand the former produced 598 capsules, whilst
or self-fertilised plants produced 752 capsules. All

forty-seven crossed plants,
fertilised plants

;

the latter
these capsules were the product of cleistogamic flowers, for the
plants did not bear during the whole of this season any perfect
flowers.

The seeds were counted

in ten cleistogamic capsules

1

1

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

;

;

III.

GESNEEIACE^.— Gesneria

pendulina.

In Gesneria the several parts of the flower are arranged on
nearly the same plan as in Digitalis* and most or
species are dichogamous.

by Fritz

all of

Plants were raised from seed sent

from South

the

me

Seven flowers were crossed
with pollen from a distinct plant, and produced seven capsules
containing by weight 3*01 grains of seeds. Seven flowers on the
same plants were fertilised with their own pollen, and their
seven cajDsules contained exactly the same weight of seeds.
Germinating seeds were planted on opposite sides of four pots,
Miiller

and when

fully

Brazil.

grown measured

to the tips of their leaves.

Table XXYI.
No. of Pot.

II.

in.

IV.

Total inches.

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

421
24|

39
271

33
27

30|
19f

33^
29|

311

30
36

29|
26

256-50

28f

233-13

The average height of the eight crossed plants is 82 '06 inches,
and that of the eight self-fertilised plants 29-14; or as 100
to 00.

Dr. Ogle, 'Popular Science Review,' Jan. 1870, p. 51.

—
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coccinea.*

This species, unlike most of the others in the same genus,
good many seeds when insects are excluded. I gatliered
ninety-eight capsules produced by flowers spontaneously selffertilised under a net, and they contained on an average 1 45
seeds, whilst flowers artificially fertilised with their own pollen,
in which case the stigma will have received plenty of pollen,
yielded on an average 3 "3 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 capsules
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
When the seedlings were about 3 inches in
of three pots.
height, the crossed showed a slight advantage over the selfWhen two-thirds grown, the two tallest plants on
fertilised.
each side of each pot were measured the crossed averaged 16 37
inches, and the self-fertilised 11 '75 in height; or as 100 to 71.
When the plants were fully grown and had done flowering, the
two tallest plants on each side were again measured, with the
yields a

•

•

;

results

shown

in the following table

:

Table XXVII.
No. of Pot.

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

25

I.

II.

20

18i

32 i

20 f

24|
29|
28

III.

Total inches.

*

167 13

The admirable mechanical

ndaptations in this genus for
favouring or ensuring cross-fertilisatiou, have been fully described

•

25
18

127-00

by Sprengel, Hildebrand, Delpino,
H. Miiller, Ogle, and others, in
their several works,

;
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may

be here seen that each of the six tallest crossed plants
height its self-fertilised opponent; the former
averaged 27 85 inches, whilst the six tallest self-fertilised plants
averaged 21 16 inches or as 100 to 76. In all three pots the
It

exceeds

in

•

•

;

first

plant which flowered was a crossed one.

plants together produced 409 flowers, whilst

all

All the crossed
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 vulgaee.
This plant exists, according to H. Miiller, under two forms
one hermaphrodite and strongly proterandrous, so that it is
almost certain to be fertilised by pollen from another flower
the other form is exclusively female, has a smaller corolla, and
must of course be fertilised by pollen from a distinct plant
in order to yield any seeds. The plants on which I experimented were hermaphrodites they had been cultivated for a
long period as a pot-herb in my kitchen garden, and were, lika
so many long-cultivated plants, extremely sterile. As I felt
doubtful about the specific name I sent specimens to Kew, and
was assured that the species was 0. vulgare. My plants formed
one great clump, and had evidently spread from a single root
by stolons. In a strict sense, therefore, they all belonged to the
same individual. My object in experimenting on them was,
firstly, to ascertain whether crossing flowers borne by plants
having distinct roots, but all derived asexually from the same
individual, would be in any respect more advantageous than
;

self-fertilisation

;

and, secondly, to raise for future trial seedlings

which would constitute really distinct 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 incessantly visited by bees, so that they were doubtless crossed
by them. These exposed plants yielded rather more and finer
seed (but still very few) than did the covered plants. The two
lots of seeds thus obtained were sown on opposite sides of two
the seedlings were carefully observed from their first
pots
growth to maturity, but they did not differ at any period iu
height or in vigour, the importance of which latter observation
;

we

shall presently see.

When

fully grown, the tallest crossed

—
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plant in one pot was a very little taller than the tallest selffertilised plant on the opposite side, and in the other pot
So that the two lots were in fact
exactly the reverse occurred.

and a cross of this kind did no more good than crossing
two flowers on the same plant of Ipomoea 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
self-fertilised and some of the quasi-crossed plants were covered
by a net. Many flowers on the latter were crossed by me with
pollen from a distinct 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 bees.
Many flowers on the self-fertilised
plants were artificially self-fertilised, and others were allowed
to fertilise themselves spontaneously under the net, but they
yielded altogether very few seeds. These two lots of seeds
the product of a cross between distinct seedlings, instead of as
in the last 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 early 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.
I regret that from want of time I did not measure all
the pairs but the tallest on each side seemed fairly to represent
the average difference between the two lots.
equal

;

—

;

Table XXVIII.

No. of Pot.

Crossed Plants (two
tallest in each pot).

Inch
I.

II.

Total inches.

's.

Self-fertilised Plants

(two

tallest in each
pot).

Inches.

26
21

24

17
16

12
11^

80-0

68-5

21
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The average height

of the crossed plants

that of the self-fertilised 17'12
of height by

no means gives a

;

is

Chap.
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here 20 inches, and

or as 100 to 86.

But

this excess

fair idea of the vast superiority in

vigour of the crossed over the self-fertilised plants. The crossed
flowered first and produced thirty flovrer-stems, whilst the selffertilised produced only fifteen, or half the number.
The pots
were then bedded out, and the roots probably came out of the
holes at the bottom and thus aided their gi'owth. Early in the
following

summer

to their increase

the superiority of the crossed plants, owing

by

stolons, over the self-fertilised plants

was

In Pot I., and it should be remembered that
very large pots had been used, the oval clump of crossed plants
was 10 by 4^ inches across, with the tallest stem, as yet young,
62 inches in height whilst the clump of self-fertilised plants,
on the opposite side of the same pot, was only 3i by 21 inches
across, with the tallest young stem 4 inches in height.
In Pot
II., the clump of crossed plants was 18 by 9 inches across, with
the tallest young stem 85 inches in height whilst the clump of
self-fertilised jDlants 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
truly wonderful.

;

;

last, 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.
It appears

ACANTHACE^.— Thunbergia
from Hildebrand's description

('

alata.

Bot. Zeitung,' 1867,

285) that the conspicuous flowers of this plant are adupted
for cross-fertilisation.
Seedlings were twice raised from purchased seed; but during the early summer, when first expep.

rimented on, they were extremely sterile, many of the anthers
containing hardly any pollen. Nevertheless, during the autumn

same plants sj)ontaneously 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 seeds! Twenty-eight
flowers were fertilised with pollen from the same flower, andthese yielded only ten capsules, which, however, contained
rather more seed than the crossed capsules. Eight pairs of
these

;

Chap.
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germinating seeds were planted on opposite sides of

and exactly half the crossed and half the

five pots

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 selfA cross, therefore,
fertilised plants 65 inches, or as 100 to 108.

between distinct individuals here appears to do no good but
deduced from so few plants in a very sterile condition
and growing very unequally, obviously cannot be trusted.
;

this result

H
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Crccifer^, Papavekacejs, Resedace^, etc.

—

Brassica oleracea, crossed and self-fertilised plants Great effect of a
cross with a fresh stock on the weight of the offspring Iberis
Papaver vagum
Eschscholtzia caiifomica, seedlings
umbellata
from a cross with a fresh stock not more vigorous, but more
fertile

than the

many

individuals sterile with their

wonderful

self-fertilised seedlings

effects of a cross

—Viscaria

—

—

—

—Adonis

— Eesedalutea and odorata,
pollen — Viola

own

aestivalis

tricolor,

— Delphinium consolida

culata, crossed plants hardly taller, but more fertile than
the self-fertilised Diantiius caryophyllus, crossed and telf-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.
<

—

—

—

—

CEUCIFER^.— Brassica

VI.

oleracea.

Var. CattelVs Early Barnes Cahhage.

flowers of the common cabbage are adapted, as shown by
H. Miiller,* for cross-fertilisation, and should this fail, for self-

The

fertilisation.

largely

by

It is well

known

that the varieties are crossed so

insects, that it is impossible to raise

same garden,

if

more than one kind

is

pure kinds in the
same time

in flower at the

Cabbages, in one respect, were not well fitted for my experiments,
as, after they had formed heads, they were often difficult to meaThe flower-stems also differ much in height and a poor
sure.
plant will sometimes throw up a higher stem than that of a fine
In the later experiments, the fully-grown plants were cut
plant.
down and weighed, and then the immense advantage from a
;

cross

A

became manifest.

was covered with a net
and was crossed with pollen from another
plant of the same variety growing close by and the seven capsules thus produced contained on an average 16 "3 seeds, with a
single plant of the above variety

just before flowering,

;

*

'

Die Befruchtung,' &c.

p. 139.

;
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Some flowers were artibut their capsules did not contain so many
seeds 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
a maximum in one of ten seeds so that the seeds in the crossed
capsules were in number to those in the self-fertilised capsules as
100 to 25.
The self-fertilised seeds, fifty-eight of which weighed
3 88 grains, were, however, a little finer than those from the
crossed capsules, fifty-eight of which weighed 3 76 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 seeds in an equal state of germination were
jDlanted, some on opposite sides of a single pot, and some in the
open ground. The young crossed plants in the pot at first exceeded by a little in height the self-fertilised then equalled them
were then beaten and lastly were again victorious. The plants,
without being disturbed, were turned out of the pot, and planted
in the open ground; and after growing for some time, the
crossed plants, which were all of nearly the same height, exceeded
the self-fertilised ones by 2 inches. When they flowered, the
flower-stems of the tallest crossed plant exceeded that of the
of twenty in one capsule.

ficially self-fertilised,

;

*

;

;

tallest self-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 to a rather greater height than the self-fertilised
but no measurements were made. The crossed plants
which had been raised in the pot, and those planted in the open
;

;

gi;ound, all flowered a little before the self-fertilised plants.

Crossed

and stlf-fertilised Plants of

the

Second Generation,

— Some

flowers on the crossed plants of the last generation were again

crossed with pollen from another crossed plant,

The

fine capsules.

and produced

flowers on the self-fertilised plants of the

generation were allowed to fertilise themselves spontaneously
under a net, and they produced some remarkably fine capsules.
The two lots of seeds thus produced germinated on sand, and
These
eight pairs were i3lanted on opposite sides of four pots.
plants were measured to the tips of their leaves on the
last

20th of October of the same year, and the eight crossed plants
averaged in height 8*4 inches, whilst the self-fertilised averaged
8 '53 inches, so that the crossed were a little inferior in height,
as 100 to 101 5.
•

By

the 5th of June of the following year these

H 2

11

100

1
1
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had grown much bulkier, and had begun to form
The crossed had now acquired a marked superiority
general appearance, and averaged 8*02 inches in height,

plants
heads.
in

whilst the self-fertilised averaged 7 31 inches
*

The

;

or as 100 to 91.

plants were then turned out of their pots and planted

undisturbed in the open ground. By the 5th of August their
heads were fully formed, but several had grown so crooked that
their heights could hardly be measured with accuracy.
The
crossed plants, however, were on the whole considerably taller
than the self-fertilised. In the following year they flowered the
;

crossed plants flowering before the self-fertilised in three of the
2Dots,

and

at the

now measured,

as

same time in Pot II. The flower-stems were
shown in Table XXIX.

Table XXIX.
Measured

to tops

of Flower-stems ; 0 signifies that a Flower-stem
ivas not formed.

No. of Pot.

I.

II.

III.

IV.

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

49 §
39

44

37
33|

38
35

47
40
42

411

43
37
0

Total in inches.

369-75

The nine flower-stems on the crossed

41

51

i

46

20|
33
0

351-00

plants here average 41 OS
•

and the nine on the self-fertilised plants 39 inches in
But this small difference, which, moreheight, or as 100 to 95.
over, depended almost wholly on one of the self-fertilised plants
being only 20 inches high, does not in the least show the vast
superiority of the crossed over the self-fertilised plants. Both
two plants in Pot IV., which did not
lots, including the
flower, were now cut down close to the ground and weighed, but
inches,

1

;
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those in Pot II. were excluded, for they had been accidentally
fall during transplantation, and one was almost
killed.
The eight crossed plants weighed 219 ounces, whilst the

injured by a

eight self-fertilised plants weighed only 82 ounces, or as 100 to 37
so that the superiority of the former over the latter in weight was
great.

—

Uie Effects of a Crosfi 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
variety, but not related to my plants, and brought from a
nursery garden (whence my seeds originally came) having a difThe flowers on the self-fertilised plants
ferent soil and aspect.
of the last or second generation (Table XXIX.) were allowed to
fertilise themselves spontaneously under a net,
and yielded
plenty of seeds. These latter and the crossed seeds, after germinating on sand, were planted in pairs on the opposite sides
of six large pots, which were kept at first in a cool greenhouse.
Early in January their heights were measured to the tips of their
leaves.
The thirteen crossed plants averaged 13 '16 inches in
height, and the twelve (for one had died) self-fertilised plants
averaged 13*7 inches, or as 100 to 104; so that the self-fertilised
plants exceeded by a little the crossed plants.

same

Table XXX.
Weight of Plants after they had formed Heads.

No. of Pot.

Crossed Plants from
Pollen of fresh Stock.

Ounces.

Self-fertilised Plants

of the Third Generation.

Ounces.

I.

130

18f

II.

74

343

III.

121

17|

IV.

127

V.

90

VI.

106

Total in ounces.

f

649-00

14
llf

46

142-25
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Early in the spring tlie plants were gradually hardened, and
turned out of their pots into the open ground without being

By the end of August the greater number had
formed fine heads, but several grew extremely crooked, from
having been drawn up to the light whilst in the greenhouse.
As it was scarcely possible to measure their heights, the finest
plant on each side of each pot was cut down close to the ground
and weighed. In the preceding table we have the result.
The six finest crossed plants average 108 '16 ounces, whilst
the six finest self-fertilised plants average only 23 '7 ounces, or
disturbed.

This difference shows in the clearest manner the
which these plants derived from a cross with
another plant belonging to the same sub-variety, but to a fresh
as 100 to 22.

enormous

benefit

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 variegattd
stock,

crimson-green Cabbage, compared with the self-fertilised Offspring

—

from

the two Varieties.
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

producing

wonder

little

pollen

and few

seeds.

It

my

garden,

was therefore no

that seedlings raised from the self-fertilised flowers of this

variety were greatly exceeded in height by seedlings from a cross
between it and the more vigorous crimson-green variety and
nothing more need be said about this experiment.
The seedlings from the reciprocal cross, that is, from the crimson-green variety fertilised with pollen from the white-green
variety, offer a somewhat more curious case.
A few of these
crossed seedlings reverted to a 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
Now it is a strange fact that a
taller than any of the others.
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

;

by
with which

grew

taller

2^ inches on an average than the crossed seedlings,
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.

Wc

dition acted

more powerfully

thus sec

tliat

reversion to a

was with a

more natural con-

in favouring the viltimatc

af these plants than did a cross

that the cross

103

;

but

growth

should be remembered
variety having a feeble

it

serai-sterile

constitution.

IbERIS UMBELLATA.
Var. Kermesiana.

This variety produced plenty of spontaneously self-fertilised
seed under a net. Other plants in pots in the gieenhouse 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 selfThe
fertilised seeds were sown on opposite sides of a pot.
self-fertilised seedlings grew from the first quicker than the
supposed crossed seedlings, and when both lots were in full
flower the former were from 5 to 6 inches higher than the crossed
I record in my notes that the self-fertilised seeds from which
these self-fertilised plants were raised were not so well ripened
as the crossed and this may possibly have caused, from premature growth, the great difference in their height, in nearly
;

the same manner as when self-fertilised seeds of other plants
were sown a few days before the crossed in the same pot.
We have seen a somewhat analogous case with the self-fertilised
plants of the eighth generation of Ipomoea, raised from unhealthy
parents. It is a curious circumstance, that two other lots of the
above seeds were sown in pure sand mixed with burnt earth,
and therefore without any organic matter and here the supposed crossed seedlings grew to double the height of the selffertilised, before both lots died, as necessarily occurred at an
early jDeriod.
We shall hereafter meet with another case
;

apparently analogous to this of Iberis in the third generation
of Petunia.

The above

were allowed to fertilise themunder a net, yielding self-fertilised plants of the
second generation, and the supposed crossed plants were crossed
by pollen of a distinct 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 4*87 grains, whilst the same
number of the supposed crossed seeds weighed only 3 57 grains,
self-fertilised plants

selves again

;

"

—

IBEEIS UMBELLATA.

104
does not look like
raised,

1

and the

it.

Five seedlings from

self-fertilised plants,
trifle (viz. -4

in average height by a

I have thought

crossed plants.

it

when

Chap. IV,

eacli lot of seeds

were

fully grown, exceeded

of an inch) the five probably

right to give this case and the

because had the supposed crossed plants proved superior
have assumed without
doubt that the former had really been crossed. As it is, I do not
last,

to the self-fertilised in height, I should

know what to conclude.
Being much surprised at the two foregoing trials, I determined to make another, in which there should be no doubt about
I therefore fertilised with great care (but as
the crossing.
usual without castration) twenty-four flowers on the supposed
crossed plants of the last generation with pollen from distinct
plants, and thus obtained twenty-one capsules. The self-fertilised
plants of the last generation were allowed to fertilise themselves
again under a net, and the seedlings reared from these seeds
formed the third self-fertilised generation. Both lots of seeds,
after germinating on bare sand, were planted in pairs on
the opposite sides of two pots. All the remaining 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 I. and II. 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
:

Table XXXI.
No. of Pot.

Crossed Plants.

Self-fertilised Plants

of the Third Generation.

L

Inches.

Inches.

18
21

19
21

]8i

n.

19
isi
171
21

Total in inches.

16

f

133-88

114-75

—
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The average height of the seven crossed plants is here 19 12
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 cannot be fully trusted, and is probably
*

inches,

In both pots a crossed i)lant flowered before any one
These plants were left uncovered in the
greenhouse but from being too much crowded they were not
very productive. The seeds from all seven plants of both lots
were counted the crossed produced 206, and the self-fertilised
154; or as 100 to 75.
Cross hj 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-^fcrtilised for three generations, which moreover grew very
unequally, I resolved to repeat the trial on a larger scale, and
in a rather different manner.
I obtained seeds of the same
crimson variety of 7. umhellata from another nursery garden,
and raised plants from them. Some of these x)lants were allowed
to fertilise themselves spontaneously under a net; others were
crossed by .pollen taken from plants raised from seed sent me by
Dr. Durando from Algiers, where the parent-plants had been cultivated for some generations. These latter plants differed in having pale pink instead of crimson flowers, but in no other respect.
That the cross had been effective (though the flowers on the crimson mother-plant had not been castrated) was well shown when the
thirty crossed seedlings flowered, for twenty-four of them produced
pale pink flowers, exactly like those of their father the six others
having crimson flowers exactly like those of their mother
This case
and like those of all the self-fertilised seedlings.
offers a good instance of a result which not rarely follows
from crossing varieties having differently coloured flowers;
namely, that the colours do not blend, but resemble perfectly those
either of the father or mother plant.
The seeds of both lots,
after germinating on sand, were planted on opposite sides of
eight pots. When fully grown, the plants were measured to
too higli.

of the self-fertilised.
;

;

—

;

the summits of the flower-heads, as
table

:

shown

in

the following

11

11
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Table XXXII.
Iheris umhellata

No. of Pot.

j

:

0

signifies that the

Plants from a Cross
with a fresh Stock.

Plant

died.

Plants from Spontaneously Self-fertilised Seeds,

1

1

Inches.
I.

Inches.

17

18f
17|

16i

17f

13

i

151
20
151

II.

17

III.

19f

0

161
15|
13

i

141

IV.

V.

151

13

17^
181

14|

17f
15f
14|

16

181
1^1
162

16^
16|
14|
i4i
16|

15i
12|
VI.

18f
ISf
17i

VII.

VIII.

Total

ill

inches.

1*^8

151
141

16^
15
15

18
16|
18

16^
141

20f
17?
1^1
191

151
16|
201
151

520-38

449-88

13i

1

The average height of the thirty crossed plants is here
17 '34 and that of the twenty-nine self-fertilised plants (one
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having died) 15-51, or as 100 to 89.

I

107

am

surprised that the

somewhat greater, considering that in
was as 100 to 86 but this latter ratio, as

difference did not prove

the last experiment

it

;

was probably too

It should, however,
be observeil that in the last experiment (Table XXXI.), the
crossed plants competed with plants of the third self-fertilised
generation whilst in the present case, plants derived from a

before explained,

great.

;

cross with a fresh stock

the

first

competed with

self-fertilised plants of

generation.

The crossed plants in the present case, as in the last, were
more fertile than the self-fertilised, both lots being left uncovered in the greenhouse. The thirty crossed plants produced
103 seed-bearing flower-heads, as well as some heads which
yielded no seeds whereas the twenty-nine 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, compared with the same 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 germination and some not so), were sown early in tlie year out of doors
in two rows. Many of the self-fertilised seedlings 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.

VII.

A

PAP AVER ACEiE.—Papa VER

sub-species of P.

vagum.

duhium, 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. rhoeas, it falls on the circumference of the
radiating stigmas, so that this species must often be self- fertilised; but with P. duhium the same result does not follow
(according to H. Miillcr, Die Befruchtung,' p. 128), owing to
'
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the shortness of the stamens, unless the flower happens to stand
The present species, therefore, does not seem so well

inclined.

most of the others. Nevertheless
P. vagum produced plenty of capsules in my garden when insects
were excluded, but only late in the season. I may here add that
P. sommferum produces an abundance of spontaneously self-

fitted for self-fertilisation as

H. Hoffmann likewise found to
when growing
in the same garden, as I haye known to be the case with P.
fertilised capsules, as Professor

be the case.*

Some

species of Papaver cross freely

hracteatum 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
distinct individual but I have reason to believe, from observations subsequently made, that these flowers had been already
fertilised by their own pollen, as this process seems to take place
soon after their expansion.! 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 I 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. 53.
+ Mr. J. Scott found (' Report
on the Experimental Culture of
the Opium Poppy :' Calcutta, 1874,
p. 47), in the case of Papaver somniferum, that if he cut away the
the
before
surface
stigmatic
flower had expanded, no seeds
'

were produced; but

if

this

was

done " on the second day, or even
a few hours after the expansion
of the flower on the first day, a
partial fertilisation had already
been effected, and a few good
seeds were almost invariably produced." This proves at how early
a period fertilisation takes place.

—
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When

difference.

grown,

fully

the

109

flower-stalks

were

measui-cd to the summits of the seed capsules, with the following result

:

Table XXXIII.
Fapaver vagum.
No. of Pot.

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

I.

24
30
Mii
l&l

21
2G|
16

II.

14|
22

15§
20^
14

It"!

•

211
III.

20 f
201
20

19
13
18

IV.

25|
24|

231
23

V.

Total in inches.

The

20

18|

27 i
19

27

328-75

211

293-13

average 21 "91 inches, and the
19 54 inches in height, or as 100 to

fifteen crossed plants here

fifteen self-fertilised plants

*

These plants did not differ in fertility, as far as could be
judged by the number of capsules produced, for there were
seventy-five on the crossed side and seventy-four on the self89.

fertilised side.

EsCHSCHOLTZIA CALIFORNICA.
This plant is remarkable from the crossed seedlings not exceeding in height or vigour the self-fertilised. On the other
hand, a cross greatly increases the productiveness of the flowers
on the parent-plants, or, as it would be more correct to say, selffertilisation lessens their productiveness.
A cross is indeed
sometimes necessary in order that the flowers should produce
any seed. Moreover, plants derived from a cross are themselves

much more

fertile

than those raised from

self-fertilised flowers

1

110
so

.
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confined to the re-

It will be necessary for

me

to give this

singular case in considerable detail.

Twelve flowers on some plants in my flower-garden were
with pollen from distinct 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
fl.owers on the same plants were fertilised with their own pollen
and produced twelve good capsules, which contained 13 "61
grains weight of seed. Therefore an equal number of crossed
and self-fertilised capsules would have yielded seed by weight
fertilised

;

as 100 to 71.*

If

we

take into account the fact that a much
when crossed

greater proportion of flowers produced capsules

than when self-fertilised, the relative fertility of the crossed to
the self-fertilised flowers was as 100 to 52. Nevertheless these
plants, whilst still protected by the net, spontaneously produced
a considerable number of self-fertilised capsules.
The seeds of the two lots after germinating on sand were
planted in pairs on the opposite sides of four large pots. At
first there was no difference in their growth, but ultimately
the crossed seedlings exceeded the self-fertilised considerably in
height, as shown in the following table. But I believe from

Table XXXIV.
Escli sell oltzia califor n ica

No. of Pot.

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

33|

25

34

35

I.

II.

271

III.

IV.
Total in inches.

* Piof.

Hildebrand

mented on plants

15

22

in

102-25

118-75

experi-

Germany on

a larger scale than I did, and
found them much more self-«terile.
Eighteen capsules, produced by
cross-fertilisation, contained on an

average eighty-five seeds, whilst
fourteen capsules from self-fertilised flowers contained on an
average only nine seeds; that is,
as 100 to II
Jahrb. fiir Wissen.
Botanik.' B. vii. p. 467.
:

'

;
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the cases which follow that this result was accidental, owing to
only a few j^hints having been measured, and to one of the
self-fertilised jjlants having grown only to a height of 15 inches.

The plants had been kopt in the greenhouse, and from being
drawn up to the light had to be tied to sticks in this and the
following trials. They were measured to the summits of their
flower-stems.

The four crossed plants here average 29 68

inches, and the
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
"

four

self-fertilised

;

plants on the one side greatly exceeded in height the two selffertilised plants on the opposite side.
The plants in the above
four pots from having been kept in the greenhouse did not
produce on this or any other similar occasion many capsules

but the flowers on the crossed plants when again crossed were
much more productive than the flowers on the self-fertilised
plants when again self-fertilised. These plants after seeding
were cut down and kept in the greenhouse; and in the
following year, when grown again, their relative heights were
reversed, as the self-fertilised plants in three out of the four

pots w^ere

now

taller

than and flowered before the crossed

plants.

Crossed

and

self-fertilised

Plants of the Second Generation.

— The

with respect to the growth of the cut-down
plants made mo doubtful about my first trial, so I determined
to make another on a larger scale with crossed and self-fertilised
seedlings raised from the crossed and self-fertilised plants on
the last generation. Eleven pairs were raised and grown in
fact just given

competition in the usual manner; and now the result was
different, for the two lots were nearly equal during their whole

would therefore be superfluous to give a table of
When fully grown and measured, the crossed
averaged 32 47, and the self-fertilised 32 "81 inches in height;
or as 100 to 101.
There was no great difference in the number
of flowers and capsules produced by the two lots when both

growth.

It

their heights.
•

were

left freely exposed to the visits of insects.
Plants raised from Brazilian Seed. Fritz Muller 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 mo in England from these

ESCHSCHOLTZIA CALIFOKNICA.
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seeds were examined by Professor Asa Gray, and pronounced
to belong to E. calijornica, with

Two

which they were

identical in

by a
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 maxigeneral appearance.

of these plants were covered

net,

mum

in one of sixteen seeds.

Therefore the cross-fertilised

compared with the self-fertilised, yielded seeds in the
These plants of Brazilian parentage
ratio of about 100 to 15.
differed also in a marked manner from the English plants in
producing extremely few spontaneously self-fertilised capsules
under a net.
Crossed and self-fertilised seeds from the above plants, after
germinating on bare sand, were planted in pairs on the opposite
capsules,

The seedlings thus raised were the
grandchildren of the plants which grew in Brazil the parents
having been grown in England. As the grand-parents in
Brazil absolutely require cross-fertilisation in order to yield
any seeds, I expected that self-fertilisation would have proved
sides of five large pots.

;

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.

that

my

anticipation

was erroneous

;

But the

result

showed

for as in the last experi-

ment with plants

of the English stock, so in the present one,

the

plants exceeded the crossed by a

self- fertilised

height.

in

little

It will be sufficient to state that the fourteen crossed

plants averaged 44 64, and the foui'teen 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

Eight flowers on the self-fertilised plants of the
last experiment (i.e., grandchildren of the plants which grew in
Brazil) were again fertilised with pollen from the same plant,
and produced five capsules, containing on an average 27 '4
The seedlings
seeds, with a maximum in one of forty-two seeds.
raised from these seeds formed the second self-fertilised generation
experiment.

of the Brazilian stock.

Eight flowers on one of the crossed plants of the

last experi-

—
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witli pollen from another ^a-andchild, and
produced five capsules. These contained on an average 31 "G
The seedlings
seeds, with a maximum in one of forty-nine seeds.
raised from these seeds may be called the Intercrossed.
Lastly, eight other flowers on the crossed jolants of the last
experiment were fertilised with pollen from a plant of the
English stock, growing in my garden, and which must have
been exposed during many previous generations to very different
conditions from those to which the Brazilian progenitors of the
mother-plant had been subjected. These eight flowers produced
only four capsules, containing on an average 63*2 seeds, with a
maximum in one of ninety. The plants raised from these seeds
may be called the English-crossed. As far as the above averages
can be trusted from so few capsules, the English-crossed capsules

ment were crossed

contained twice as

many

seeds as the intercrossed, and rather

more than twice as many as the self-fertilised
plants which yielded these capsules were grown

cajosules.

The

in pots in the

greenhouse, so that their absolute productiveness must not be
compared with that of plants growing out of doors.
The above three lots of seeds, viz., the self fertilised, intercrossed, and English-crossed, were planted in an equal state of
germination (having been as usual sown on bare sand) in nine
large pots, each divided into three parts by superficial partitions.

Many

of the self-fertilised seeds germinated before those of the

two crossed

lots,

and these were of course

rejected.

The

seedlings thus raised are the great-grandchildren of the plants

which grew in Brazil.

When

they were from 2 to 4 inches

They were measured when
grown, and again when fully grown, and as their
relative heights were almost exactly the same at these two
ages, I will give only the last measurements.
The average
height of the nineteen English-crossed plants was 45 92 inches
that of the eighteen intercrossed plants (for one died), 43 "38;
and that of the nineteen self-fertihsed plants, 50 '3 inches. So
in height, the three lots

were equal.

four-fifths

•

that

we have

the following ratios in height

The English-crossed to the self-fertilised
The English-crossed to the intercrossed
The intercrossed to the self-fertilised

:

plants, as 100 to 109
plants, as 100 to

94

plants, as 100 to 116

After the seed-capsules had been gathered, all these plants
were cut down close to the ground and weighed. The nineteen
English-crossed plants weighed 18*25 ounces; the intercrossed
I

—
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if there had been nineand the nineteen self-fertihsed

plants (with their weight calculated as
teen) weighed

18*2

plants, 21 5 ounces.
•

ounces;

W

have therefore

e

three lots of plants the following ratios

for the

weights of the

:

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

to

118

to 100
to 118

We

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

The remaining seeds
state of germination,

of the three kinds, whether or not in a
were sown in three Idng parallel rows in

the open ground; and here again the self-fertilised seedlings

exceeded in height by between 2 and 3 inches the seedlings
The
in the two other rows, which were of nearly equal heights.
three rows were left unprotected throughout the winter, and all
the plants were killed, with the exception of two of the selffertilised
so that as far as this little bit of evidence goes, some
;

of the self-fertilised plants were

crossed plants of either

We thus

more hardy than any of the

lot.

which were grown
were superior in height (as 116 to 100), and in
weight (as 118 to 100), and apparently in hardiness, to the intercrossed plants derived from a cross between the grandchildren
see that the self- fertilised plants

in the nine pots

of the Brazilian stock.

marked than

strongly

The

superiority

is

here

much more

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 Ipomoea, Mimulus, Brassica, and
Iberis— that the self-fertilised plants exceeded in height (as 109
to 100), and in weight (as 118 to 100), the offspring of the
Brazilian stock crossed by the English stock; the two stocks
having been long subjected to widely different conditions.
If we now turn to the fertility of the three lots of plants we
find a very different result.
I may premise that in five out of

—

the nine pots the

first

plant which flowered was one of the English-

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

in four of the pots

crossed

;

ways.

The three

closely adjoining

;

rows of plants growing

in
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ground flowered profusely, and the flowers were incesbees, and certainly thus intercrossed.
The
manner in which several plants in the previous experiments
continued to be almost sterile as long as they were covered by a
net, but set a multitude of capsules immediately that tliey were
uncovered, proves how cff'ectually the bees carry pollen from
the open

santly visited by

My

plant to plant.

gardener gathered, at three successive

an equal number of ripe capsules from the plants of the
three lots, until he had collected forty-five from each lot.
It is
not possible to judge from external appearance whether or not a
capsule contains any good seeds; so that I opened all the capsules.
Of the forty-five from the English-crossed plants, four
were empty of those from the intercrossed, five were empty
and of those from the self-fertilised, nine were empty. The
seeds 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,
6; and from the self-fertilised, 48*52. It therefore follows that
times,

;

;

;

Seeds.

The

capsules

forty-five

(the four

empty ones

in-

cluded) from the English -crossed plants contained

The

forty-five

capsules (the five empty ones

cluded) from the intercrossed plants contained

The

capsules

forty-five

(the nine

empty ones

The reader should remember

2240

.

in-

cluded) from the self-fertilised plants contained

duct of

27-17

in-

1746 7

.

that these capsules are the pro-

by the bees; and that the
must depend on
that is, on whether they were

cross-fertilisation, elfccted

difference in the

number

of the contained seeds

the constitution of the plants

;

—

derived from a cross with a distinct stock, or from a cross
between plants of the same stock, or from self-fertilisation.

From

the above facts

Number

we

obtain the following ratios

:—

number of naturally
produced—
By the English-crossed and self-fertilised plants, as 100 to 08
By the English-crossed and intercrossed plants, as 100 to 81
By the intercrossed and self-fertilised plants,
as 100 to 78
of seeds contained in an equal

fertilised capsules

But

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

of plants,

I

2
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three long rows, however, were not of quite equal lengths, and

much

crowded, so that it would have been exhave 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 greenhouse; and although these were much less fertile than those
growing out of doors, their relative fertility appeared, after carefully observing them, to be the same.
The nineteen plants of
the English-crossed stock
the pots produced altogether 210
the plants were

tremely

difficult to

m

the intercrossed plants (calculated as nineteen) produced 137 '22 capsules; and the nineteen self-fertihsed plants,
capsules;

Now, knowing

162 capsules.

the

number

of seeds contained in

each lot, it is easy to calculate the relative
numbers of seeds produced by an equal number of the plants of

forty-five capsules of

the three

lots.

Number

of seeds produced

by an equal number of naturally-

fertilised plants.
Seeds,

Plants of English-crossed

and

self-fertilised

parentage
Plants of the English-crossed and intercrossed

as 100 to 40

parentage
Plants of the intercrossed and self-fertilised
parentage

as 100 to 45

.......
.......

The
(that

as 100 to 89

superiority in productiveness of the intercrossed plants

is,

the product of a cross between the grandchildren of the

plants which grew in Brazil) over the self-fertilised, small as

it is,

wholly due to the larger average number of seeds contained in
for the intercrossed plants produced fewer capthe capsules
The
sules in the greenhouse than did the self-fertilised plants.
great superiority in productiveness of the English-crossed over
is

;

the self-fertilised plants is shown by the larger number of
capsules producerl,the larger average number of contained seeds,

and the smaller number of empty capsules. As the Englishcrossed and intercrossed plants were the offspring of crosses in
every previous generation (as must have been the case from the
flowers being sterile with their

own

pollen),

we may conclude

that

the great superiority in productiveness of the English-crossed
over the intercrossed plants is due to the two parents of the

farmer having been long subjected to different conditions.
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The English-crossed plants, though so superior
we have seen, decidedly inferior

ness, were, as

weight to the
to,

self-fertilised,

to,

in height

and

or hardly superior

Therefore, the whole advantage of a

the intercrossed plants.

cross with a distinct stock
I

and only equal

in productive-

is

here confined to productiveness, and

have met with no similar case.

VIII.

RESEDACEiE.—Eeseda

lutea.

Seeds collected from wild plants growing in this neighbourand several of the
hood were sown in the kitchen- garden
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

themselves spontaneously,

on their stigmas and they were
equally sterile when artificially and repeatedly fertilised with
their own pollen; whilst other plants produced a few spontaneously self-fertilised capsules. The remaining plants were
left uncovered, and as pollen was carried from plant to plant by
the hive and humble-bees which incessantly visit the flowers,
they produced an abundance of capsules. Of the necessity of
pollen being carried from one plant to another, I had ample
evidence in the case of this species and of Ii. odorata ; for those
plants, which set no seeds or very few as long as they were
protected from insects, became loaded with capsules immediately
that they were uncovered.
Seeds from the flowers spontaneously self-fertilised under the
net, and from flowers naturally crossed by the bees, were sown on
opposite sides of five large pots. The seedlings were thinned 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
The same number of plants of crossed
into the open ground.
and self-fertilised parentage were, measured up to the summits

although plenty of pollen

fell

of theii" flower-stems, with
table

;

the result given in the following

(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-fertilised did not do so.

The

above pairs, whilst still in flower, but with some capsules already
formed, were afterwards cut down and weighed. The crossed
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and an equal number of the self-fertilised
and this is an astonishing

only 19 ounces, or as 100 to 21;
difference.

Table XXXV.
jReseda lutea, in pots.

No. of Pot.

1.

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

21

121
16

14f
19J

II.

Hi

15|

19^

20|

12|
16§
16|

231
17

III.

IV.

V.

Total in inches.

I

20f

131

16i
111
1
fi 2
iOg
10
10

14|
19|
90 1

n
171

22|

9

19

111

181
161

11
16

19f

161

251

14f

22

16
14 i

14i

i^i

412-25

350-88

Seeds 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 unfair 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.
;

—

1

RESEDA ODORATA.

IV.

ClIAI>.

119

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:

Table XXXVI.
Beseda

open ground.

lutea, groiuimj in the

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

28
27 g
27

331
23
2ii
20|

28|
29|

21

26 g
26 §
30

211
211

224-75

The average height
was here

'J8'09,

100 to 82.

i

22

185-13

of the crossed plants, whilst in full flower,

and that of the

self-fertilised

23*14 inches

;

It is a singular fact that the tallest plant in the

rows, was one of the self-fertilised.

The

self-fertilised plants

smaller and paler green leaves than the crossed.

or as

two
had

All the plants

two rows were afterwards cut down and weighed. The
twenty crossed plants weighed 65 ounces, and twenty self-fertilised (by calculation from the actual weight of the thirty-two selfor as 100 to 40.
Therefertilised plants) weighed 26 25 ounces
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
On the other hand, they exceeded
severe mutual competition.

in the

*

;

the self-fertilised in height in a slightly greater degree.

Eeseda odokata.
Plants of the

common mignonette were

raised from purchased

and several of them were placed under separate nets. Of
these some became loaded with spontaneously self-fertilised capothers produced a few, and others not a single one. It
s-ales
must not be supposed that these latter plants produced no seed
seed,

;

—

1

1

120
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because tlieir stigmas did not receive any pollen, for 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 self-fertilised seeds were saved from one
of the highly self-fertile plants, and other seeds were collected

from the plants growing outside the nets, which had been
crossed by the bees. These seeds 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

have the result

— the flower-stems not being included. We here

:

Table
Beseda odorata

XXXVn.

(^seedlings from

No. of Pot.

I.

a highly Self-fertile Plant).

Crossed Plants.

Self-fertilised Plants,

Inches.

Inches.

20 i

22

26

23|
30

28-1
f

32g
II.

341
341

Hi
33 i

28t
30|
23
30|

III.

27

30^
30f
IV.

V.

25
26 i
251

2ii
28
32 i
32|

22
25
15|

21

11

25|

lf|
10|

24f

26
Total in inches.

522-25

i

428-50

The average height of the nineteen crossed plants is here
27 48, and that of the nineteen self-fertilised 22 55 inches or as
100 to 82. All these plants were cut down in the early autumn
•

•

;

—
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fertilised

been

left

:
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the crossed wciglied 11*5 ounces,

and the

self-

7 "75 ounces, or as 100 to 67. These two lots having
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

adjoining rows in the open ground

;

were sown in two

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
:

Table XXXVIII.
Beseda odorata, growing in
Crossed Plants.

open ground.

the

Self-fertilised Plants.

Inches.

Inches.

2*r|

27

25^
25
28 i
291
251
261
281

i

24
2Gf
25
2(>|

211
25'

216-75

''S"}206-13
The average height
l

of the eight crossed plants is 25 7 6,
*

at of the eight self-fertilised 27-09

and

or as 100 to 105.

;

AVe here have the anomalous result of the self-fertilised plants
being 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, w^ere gathered from one of
the semi-self-sterile plants under a net and as several flowers on
this same plant had been fertilised with pollen from a distinct
:

;

individual, crossed seeds were thus obtained.

I expected that the

seedlings from this

semi-self-sterile plant w^ould

in a higher degree

from a

have profited
than did the seedlings from
the fully self- fertile plants. But my anticipation was quite wrong,
for they profited in a less degree. An analogous result followed in
cross,

the case of Eschscholtzia, in which the offspring of the plants of
Brazilian parentage (which were partially self-sterile) did

not

11

—

1
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more from a

cross, than did the plants of the far more
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

profit

self-fertile

:

Table XXXIX.
Reseda odorata {seedlings from a semi-self-sterile Riant).

jN 0.

01 ±^0l.

I.

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

33|
30 f

31
28
13
32

29i
20
II.

22
33

26

31f
32

25|
301
17?

30 i
32

III.

29f
24f
341

32§
IV.

20 f
321
31^
36 i

19^
30^
24 i

30f
V.

24|
34
22|

34f
37

311
33

The average height

554-25

of the twenty crossed plants

and that of the twenty
92.

37 J

599-75

Total in inches.

f

self- fertilised

27 71 inches

is

•

;

here 29 98,
•

or as 100 to

These plants were then cut down and weighed

;

and the

crossed in this case exceeded the self-fertilised in weight by a mere

The two lots, left freely
trifle, viz., in the ratio of 100 to 99.
exposed to insects, seemed to be equally fertile.
The remainder of the seed was sown in two adjoining rov/s in

—

1

VIOLA TRICOLOR.

Chap. IV.

123

the open ground and the eight tallest plants in each row w ere
measured, with the following result
;

:

Table XL.
lieseda

(seedlings from

odomta

a

semi-self-sterile Plant,

planted

in the open ground).

0ross6(l Plants*

Inches.

Inches.

22 i

28
22
25|
25 i
29^
27|
22^
26 f

^hSe" } 207 38
•

24i
231
21|
22|
27

i

19 i

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.

VIOLACEiE .—YiOLA

IX.

tricolor.

Whilst the flowers of the common cultivated heartsease are
young, the anthers shed their pollen into a little semi-cylindrical passage, formed by the basal portion of the lower petal,
papillae.
The pollen thus collected lies
beneath 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 cultivated variety, it set only
eighteen capsules, and most of these contained very few good
seeds several from only one to three whereas an equally fine

and surrounded by
close

—

*

The

have

;

flowers of this plant
fully described by

been

Sprengel,

Hildebrand,

Delpino,
and H. Miiller. The latter author
sums up all the previous observations in his
Befruchtung der
Blumen,' and in Nature,' Nov.
20, 1873, p. 44. See also Mr. A. W.
'

•

Bennett,

in

'Nature,'

May

15,

1873, p. 50; and some remarks
by Mr. Kitchener, ibid. p. 143.
The facts which follow on the
effects of covering up a plant
of V. tricolor have been ijuoted
by Sir J. Lubbock in his British
Wild Flowers,' &c. p. 62.
'

1

124

VIOLA TRICOLOR.

Chap. IY.

uncovered plant of the same yariety, growing close by, produced
105 fine capsules. The few flowers which produce capsules when
insects are excluded, are perhaps fertilised by the curling inwards
petals as they wither, for by this means pollen-grains
adhering to the papillae 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 (Rhingia 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

of the

;

days

fertilised.*

It is curious for

how

long a time the flowers of

may be watched without
During the summer of 1841,
observed many times daily for more than a fortnight some large
clumps of heartsease growing in my garden, before I saw a single
humble-bee at work. During another summer I did the same, but
at last saw some dark-coloured humble-bees visiting on three successive days almost every flower in several clumps and almost
all these flowers quickly withered and produced fine capsules.
I 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
the heartsease and of some other plants

an insect being seen

to visit them.

;

frequent the flowers.

As

the flowers require the aid of insects for their complete

* I should add that this fly
apparently did not suck the nectar, but was attracted by the papillie which surround the stigma.
H. Miiller also saw a small bee, an
Andrena, which could not reach
the nectar, repeatedly inserting
its proboscis beneath the stigma,
where the papilla? are situated;
so that these papillae must be in

some way

A

attractive to insects.
(
Zoologist,' vol.

writer asserts

'

1225) that a moth
frequently visits the
flowers of the pansy. Hive-bees
do not ordinarily visit them, but
a case has been recorded ('Gardeners' Clirouicle,' 1844, p. 374)
iii.-iv.

(

Plusia

p.
)

of these bees doing so. H. Miiller
hns also seen the hive-bee at work,
but only on the wild smallflowered form.
He gives a list
('Nature,' 1873, p. 45) of all the
insects which he has seen visiting
both the large and small-flowered
From his account, I susforms.
pect that the flowers of plants in
a state of nature are visited more
frequently by insects than those
of the cultivated varieties.
He
has seen several butterflies sucking 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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and as they are not visited by insects nearly so often
most other nectar-secreting flowers, we can understand the
remarkable fact discovered by H, Miiller and descril)ed 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 cross-fertilised 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 selffertile form, however, is occasionally visited, and may be crossed
by insects, though this is rather doubtful.
In my tirst experiments on Viola tricolor I was unsuccessful in
raising seedlings, and obtained only one full-grown crossed and
self-fertilised plant.
The former was 122 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 point it is important to attend. Several other flowers on the same plant
were fertilised with their own pollen. The average number
of seeds in the ten crossed capsules was 18 7, and in the twelve
self-fertilised capsules 12 '83; or as 100 to 69.
These 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 3 "87 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 (see Table XLI.), with
fertilisation,

as

'

;

;

•

;

the following result

:

The average height of the fourteen crossed plants
inches, and that of the fourteen self-fertilised 2 37
•

;

is

here 5 58
•

or as 100 to

In four out of the five pots, a crossed plant flowered before
any one of the self-fertilised as likewise occurred 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 humble-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
100 to 10. So that the crossed ])lants were more than twice the

42.

;

;
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ten times as

generally flowered

self-fertilised,

many

Chap. IV.
first,

and produced

naturally fertilised capsules.

Table XLI.
Viola tricolor.

No. of Pot.

Crossed Plants.

Self-fertilised Plants.

Inches.

II.

III.

Inches.

2

0
^
S

I®
5

2|
If

R
7

2

5

6

4

4

n

3^

9|
31

3^

H
Of

IV.

4
V.

6

3

31

78-13

Total in inches.

By
all

the early part of the

summer

33-25

of 1870 the crossed plants in

grown and spread so much more than
that any comparison between them was

the five clumps had

the

self-fertilised,

The crossed plants were covered with a sheet of
bloom, whilst only a single self-fertilised plant, which was much
The crossed and selffiner than any of its brethren, flowered.
fertilised plants had now grown all matted together on the
superfluous.

respective sides of the superficial partitions

and

in the

clump which included the

still

separating them

finest self-fertilised plant,

I estimated that the surface covered by the crossed plants

about nine times as large as that covered by the
plants.

The extraordinary

was

self-fertilised

superiority of the crossed over the

clumps, was no doubt due to
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

self-fertilised plants in all five

the crossed plants at

first

1
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would follow in a state of nature even to a
my plants grew in ground kept clear of
weeds, so that the self-fertilised had to compete only with the
crossed plants; whereas the whole surface of the ground is
naturally covered with various kinds of plants, all of which
that

tlie

same

greater degree

result
;

for

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 selffertilised were now dead, with the exception of a single branch on

one plant, which bore on its summit a minute rosette of leaves
about as large as a pea. On the othoi- hand, all the crossed
So that the
])lants without exception were growing vigorously.
self-fertilised plants, besides their inferiority in

other respects,

were more tender.
Another experiment was now tried for the sake of ascertaining
how far the superiority of the crossed plants, or to speak more
correctly, the inferiority of the self-fertilised plants, would be
transmitted to their offspring. The one crossed and one selffertilised plant, wliicli were first raised, had been turned out of
Both produced an
their pot and planted in the open ground.
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 seedlings

Table XLIL
Viola tricolor

seedlings

:

from

crossed

and

self-fertilised Plants, the

2)arents of both sets having been left to he naturally fertilised.

No.

Df Tot.

L

Naturally crossed
Plants from artifi-

Naturally crossed
Plants from self-

cially crossed Plants.

fertilised Plants.

Inches,

Inches.

in
111

8i

n.

131
10

9f
11^

III.

14
13|

11^
11^

75-38

61-88

Total in inches.

:
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derived from the crossed plants flowered in

Chap. IV.
all

three pots before

the naturally crossed seedlings derived from the self-fertilised
IDlants.

When

both

lots

were in

the two tallest

flower,

full

plants on each side of each pot were measured,

and the result
shown in the preceding table.
The average height of the six tallest plants derived from the
crossed plants is 12 '56 inches; and that of the six tallest plants
is

derived from the self-fertilised plants is 10 31 inches or as
100 to 82. We here see a considerable difference in height
between the two sets, though very far from equalling that in the
previous trials between the offspring from crossed and self•

;

This difference must be attributed to the
having inherited a weak constitution from
their parents, the offspring of self-fertilised flowers
notwithstanding that the parents themselves had been freely intercrossed with other plants by the aid of insects.
fertilised flowers.

latter set of plants

;

X.

The

EANUNCULACE^.— Adonis

results of

giving, as I

my

remark

^stivalis.

experiments on this plant are hardly worth
in

my notes made

at the time, " seedlings,

from some unknown cause, all miserably unhealthy." Nor did they
ever become healthy yet I feel bound to give the present case,
as it is opposed to the general results at which I have arrived.
Fifteen flowers were crossed and all produced fruit, containing
on an average 32 "5 seeds; nineteen flowers were fertilised with
their own pollen, and they likewise all yielded fruit, containing
a rather larger average of 34 5 seeds or as 100 to 106. Seedlings
were raised from these seeds. In one of the pots all the selffertilised plants died whilst quite young
in the two others, ih^
measurements were as follows
;

•

;

;

Table XLIII.
Adonis
No. of Pot.

aestivalis.

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

I.

13^
15 f
15

11.

Tofnl in inches.

57-00

DELPHINIUM CONSOLIDA.
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of the four crossed plants

is

14*25, and

that of the four self-fertilised plants 14-31; or as 100 to 100 '4;
so that they were in fact of equal height. According to Professor

H. Hoffmann,*

this plant is proterandrous

plenty of seeds

when

jjrotected

from

nevertheless

it

yields

plant, as of so

many

;

insects.

DkLPHINIDM CONSOLIDA.
It has been said in the case of this

the flowers are fertilised in the bud, and that
But
distinct plants or varieties can never naturally intercross.f
this is an error, as we may infer, firstly from the flowers being
others, that

— the

mature stamens bending up, one after the
and afterguards
the mature pistils bending in the same direction secondly, from
the number of humble-bees which visit the flowers J and thirdly,
from the greater fertility of the flowers when crossed with pollen
from a distinct plant than when spontaneously self -fertilised. In
the year 1863 I enclosed a large branch in a net^ and crossed five
flowers witli pollen from a distinct plant; these yielded capsules
containing on an average 35*2 very fine seeds, with a maximum of
forty-two in one capsule. Thirty- two other flowers on the same
branch produced twenty-eight spontaneously self-fertilised capsules, containing on an average 17 2 seeds, with a maximum in
one of thirty-six seeds. But six of these capsules were very poor,
yielding only from one to five seeds if these are excluded, the
remaining twenty- two capsules give an average of 20*9 seeds,
though many of these seeds were small. The fairest ratio,
therefore, for the number of seeds produced by a cross and by
spontaneous self-fertilisation is as 100 to 59. These seeds were
not sown, as I had too many other experiments in progress.
In the summer of 1867, which was a very unfavourable one,
I again crossed several flowers under a net with pollen from a
distinct plant, and fertilised other flowers on the same plant with

proterandrous,

other, into the passage which leads to the nectary,
;

;

•

;

their

own

pollen.

The former yielded a much larger proportion
and many of the seeds in the self-

of capsules than the latter

;

though numerous, were so poor that an equal
number of seeds from the crossed and self-fertilised capsules
fertilised capsules,

'

Zur

Speciesfrage,*

1875,

i Decaisne, * Comptes-Rendus/
July, 18';;3, p. 5.

% Their structure is described
by H. Muller, ' Befruchtuug,' &c.,
p. 122.

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

Table XLIY.
Delphinium
No. of Pot.

consolida.

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

11
II.

19
162

16|
111

III.

26

22

n

IV.

81

8

The

75-50

89-75

Total in inches.

here average 14-95, and the six

six crossed plants

self-

12 50 inches in height or as 100 to 84. When fully
grown they were again measured, but from want of time only a
fertilised

single plant

;

on each side was measured

;

so that I have thought

At the later period
exceeded considerably in
height the three tallest self- fertilised, but not in quite so great
a degree as before.
The pots were left uncovered in the greenhouse, but whether the flowers were intercrossed by bees or selffertilised I do not know.
The six crossed plants produced 282
it

best to give the earlier measurements.

the three tallest crossed plants

still

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.
;

XL CAEYOPHYLLACE^.— ViscARiA

oculata.

Twelve flowers were crossed with pollen from another plant,
and yielded ten capsules, containing by weight 5 '77 grains of
Eighteen flowers were fertilised with their own pollen
seeds.
and yielded twelve capsules, containing by weight 2 63 grains.
Therefore the seeds from an equal number of crossed and self•

VLSCARIA OCULATA.
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would have been

fertilised flowers

131

in weight as 100 to 38.

I

previously selected a medium-sized capsule from each lot,
counted the seeds in both the crossed one contained 284,
;

the self-fertilised one 126 seeds

had
and
and

or as 100 to 44. These seeds
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 32 -o
inches, and the three on the self-fertilised side 34 inches in
height; or as 100 to 104. But this trial was on much too small
a scale to be trusted the jjlants 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

;

and one of

the three flower-stems on the self-fertilised jjlants 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 new set of plants and
yielded ten capsules containing by weight 6 '54 grains of seed.
Eighteen spontaneously self-fertilised capsules were gathered,
of which two contained no seed the other sixteen contained by
weight 6 07 grains of seed. Therefore the weight of seed 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

the opposite sides of four pots, with all the remaining seeds

on

sown

crowded in the opposite sides of a fifth pot in this latter pot
only the tallest plant on each side was measured.
Until the
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 showTi in the
following table (XLV.).
The fifteen crossed plants here average 34 5, and the fifteen
self-fertilised 33 55 inches in height
or as 100 to 97. So that
the excess of height of the crossed plants is 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 fourteen self -fertilised plants produced only 293 capsules and flowers,
or as 100 to 77.

K 2

1

1
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Table XLV.
Viscaria oculata.

No. of Pot.

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

19
33
41
41

323
38
38
285

II.

371
36|
38

36
32 f
351

III.

44|
39|
39

36
20 i

IV.

30
33
24

36
39
29
38

30 i

32

I.

31

V.

Crowded.

517-63

Total in inches.

503-38

DiANTHUS CAKYOPHYLLUS.

The common

is strongly proterandrous, and tlieredepends to a large extent upon insects for fertilisation. I
have seen only humble-bees visiting the flowers, but I dare say
other insects likewise do so. It is notorious that if pui-e seed is

carnation

fore

desired, the greatest care

is

necessary

*

to prevent the varieties

same garden from intercrossing. The pollen
is generally shed and lost before the two stigmas in the same
flower diverge and are ready to be fertilised. I was therefore
often forced to use for self-fertilisation pollen from the same
plant instead of from the same flower. But on two occasions,
when I attended to this point, I was not able to detect any
marked difference in the number of seeds produced by these two
which grow

forms of

in the

self-fertilisation.

*

'

Gardeners' Chronicle,' 1847, p. 268
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CROSSED AND SELF-FERTILISED PLANTS.
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Several single-flowered carnations were planted in good

and were

all

covered with a net.

soil,

Eight flowers were crossed

with pollen from a distinct plant and yielded six capsules,
containing on an average 88 6 seeds, with a maximum in one of
'

Eight other flowers were self-fertilised in the
manner above described, and yielded seven capsules containing
on an average 82 seeds, with a 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 net, they produced spontaneously only a few capsules containing any seeds,
and these few may perhaps be attributed to the action of
Thrips and other minute insects which haunt the flowers. A
large majority of the spontaneously self-fertilised capsules produced by several plants contained no seeds, or only a single one.
Excluding these latter capsules, I counted the seeds in eighteen
of the finest ones, and these contained on an average 18 seeds.
One of the plants was spontaneously self-fertile in a higher degree
than any of the others. On another occasion a single covered-up
plant produced spontaneously eighteen capsules, but only two of
these contained any seed, namely 10 and 15.
112

seeds.

—

and self-fertilised Plants of the First Generation. The
seeds obtained from the above crossed and artificially

Crossed

many

were sown out of doors, and two large beds
This
was the first plant on which I experimented, and I had not
then formed any regular scheme of operation. When the two
lots 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 self-fertilised.
Judging from
subsequent measurements, we may assume that the crossed
plants were about 28 inches, and the self-fertilised about
24 inches in height; and this will give us a ratio of 100 to
self-fertiltsed flowers

of seedlings, closely adjoining one another, thus raised.

86.

Out

of a large

number

of plants, four of the crossed ones

flowered before any one of the self-fertilised plants.

Thirty flowers on these crossed plants of the first generation
were again crossed with pollen from a distinct plant of the same
lot, and yielded twenty-nine capsules, containing on an average
55*62 seeds, with a maximum in one of 110 seeds.
Thirty flowers on the self-fertilised plants were again selffertilised
eight of them with pollen from the same flower, and
the remainder with pollen from another flower on the same
;

DIANTHUS CARYOPHYLLUS.
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and these produced twenty-two capsules, containing on an
average 35 95 seeds, with a maximum in one of 61 seeds. We
thus see, judging by the number of seeds per capsule, that the
crossed plants again crossed were more productive than the
self-fertilised again self-fertilised, in the ratio of 100 to 65.

plant

;

'

Both the crossed and self-fertilised plants, from having grown
much crowded in the two beds, produced less fine capsules and
fewer seeds than did their parents.
Crossed and self-fertilised Plants of ilie Second Generation,
The
crossed and self-fertilised seeds from the crossed and self-fertilised
plants of the last generation were sown on opposite sides of two
jDots but the seedhngs 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 estimation, 5 inches high, the self-fertilised plants were only 4
inches. In both pots the crossed plants flowered first.
The two
tallest flower-stems on the crossed plants in the two pots were
17 and I65 inches in height and the two tallest flower-stems
on the self-fertilised plants IO2 and 9 inches; so that their
heights were as 100 to 58. But this ratio, d-educed from only
two pairs, obviously is not in the least trustworthy, and would
not have been given had it not been otherwise supported. I
state in my notes that the crossed plants were very much more
luxuriant than their opponents, and seemed to be twice as
bulky. This latter estimate may be believed from the ascertained
weights of the two lots in the next generation. Some flowers
on these crossed plants were again crossed with pollen from
another plant of the same lot, and some flowers on the selffertilised plants again self-fertilised; and from the seeds thus
obtained the plants of the next generation were raised.
The
Crossed and stlf-fertilised Plants of the Third Generation.
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 (XL'\T:.). 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 autumn than the
;

—

;

self-fertilised.

1
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XLVL

Dianthus caryopliylluH {T/tird Genenttiov').
No. of Pot.

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

27

30
26

I.

II.

IIL

IV.

Total in

in<,'hes.

The average height

i

29
29

30
27

28
23 g

24

27
334

30
25

225-75

227-13

of the eight crossed plants

is

here 28*39

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 seed-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.
These plants were all kept under a net, so that the capsules
which they produced must have been all spontaneously selffertilised.
The eight crossed plants produced twenty-one such
capsules, of which only twelve contained any seed, averaging
inches,

;

;

8*5 per capsule. On the other hand, the eight self-fertilised
plants produced no less than thirty-six capsules, of which I
examined twenty-five, and, with the exception of three, all
contained seeds, averaging 10 63 seeds per capsule. Thus the
proportional number of seeds per capsule produced by the plants
of crossed origin to those produced by the plants of self-fertilised
origin (both lots being spontaneously self-fertilised) was as 100
to 125.
This anomalous result is probably due to some of the
self-fertilised plants having varied so as to mature their pollen
and stigmas more nearly at the same time than is proper to
the species and we have already seen that some plants in the
*

;

;
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being slightly more

self-fertile.

The Effects of a Cross with a fresh Stock.

— Twenty flowers on the

Table XLYI.,
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 seyenty in one.
The self-fertilised capsules from the self-fertilised plants of the
first generation yielded the much lower average of 35 95 seeds
but as these latter plants 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
self-fertilised plants of the last or third generation, in

were

fertilised

•

•

of the fourth self-fertilised generation in the following table

(XL VII.).
Twelve flowers on the same plants of the third self-fertilised
XL VI., were crossed with pollen from the
crossed plants in the same table. These crossed plants had been
and many of
intercrossed for the three previous generations
them, no doubt, were more or less closely inter-related, but not
so closely as in some of the experiments with other species for
several carnation plants had been raised and crossed in the
They were not related, or only in a distant
earlier generations.
generation, in Table

;

;

The parents of both the
and crossed plants had been subjected to as nearly
as possible the same conditions during the three previous generations.
The above twelve flowers produced ten capsules, containing on an average 48*66 seeds, with a maximum in one of
degree, to the self- fertilised plants.

self-fertilised

seventy-two seeds.

The

plants raised from these seeds

may be

called the intercrossed.

Lastly, twelve flowers on the

same

self-fertilised plants of

third generation were crossed with pollen from

the

plants which

had been raised from seeds purchased in London. It is almost
certain that the plants which produced these seeds had grown
under very different conditions to those to which my selfand they were
fertilised and crossed plants had been subjected
in no degree related. The above twelve flowers thus crossed
;

produced capsules, but these contained the low average of
37*41 seeds per capsule, with a maximum in one of sixty-four
It is surprising that this cross with a fresh stock did not
seeds.
all

give a

much

immediately

higher average

number

see, the plants raised

of seeds

;

for, as

we

shall

from these seeds, which may

1

1
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be called the London-crossed, benefited greatly by the cross, both
in

growth and

The above

Many

bare sand.
others,

fertility.

three lots of seeds were allowed to germinate on

and were

of the London-crossed germinated l)efore the
rejected

;

than those of the other two

and many of the intercrossed
lots.

ting were planted in ten pots,

Table XLVII.
Dianthus caryophyllus.

XT^ „<• D^t
No.
of Pot.

London-crossed
.|

p^^^^^^

Inches.
I.

II.

III.

391
30 i

Intercrossed Plants.

Inches,

+

Self-fertilised

Plants.

Inches.

25^

29

21i

+
22

361
0

281

i

i

+
30
23^

IV.

33

35 i
32

30
24|

V.

28
0

341
24

+
+

VI.

32

242
26

30 i
24^

29^

211

26

27

34|
281

29

261

0

+

25|

28i

+

31
VII.

VIII.

IX.

0

X.

Total in inches.

+

CO

28

CO

+

525-13

later

The seeds after thus germinamade tripartite by superficial

420-00

0

223
0

265-50

—

;
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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 XLVII.
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.
It deserves notice that no less than eight out of the eighteen self-

divisions

;

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 selffertilised 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 plants, between
which there was no marked difference in the period of flowering.
The plants were measured to the base of the calyx, after they
had completed their growth, late in the autumn.
The average height of the sixteen London-crossed plants in
the preceding table is 32 '82 inches; that of the fifteen intercrossed plants, 28 inches

;

and that of the ten

self-fertilised

plants, 26*55.

So that in height we have the following ratios

:

The London -crossed to the self-fertilised as 100
The London-crossed to the intercrossed as 100
The Intercrossed to the self-fertilised as
100

to 81
to 85
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 three different ways, were
left exposed to the visits of insects, and their flowers were freely
crossed by them. As the capsules of each lot became ripe they
were gathered and kept separate, the empty or bad ones beiDg
thrown away. But towards the middle of October, when the
capsules could no longer ripen, all were gathered and were
counted, whether good or bad. The capsules were then crushed,
and the seed cleaned by sieves and weighed. For the sake of
uniformity the results are given from calculation, as if there had
been twenty plants in each lot.
The sixteen London-crossed plants actually produced 286
capsules; therefore twenty such plants would have produced
357 5 capsules and from the actual weight of the seeds, the
twenty plants would have yielded 462 grains weight of seeds.
•

;

—

COLOUR OF THE FLOWERS.
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fifteen intercrossed plants actually

therefore twenty of
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produced 157 capsules

them would have produced 209 "3

capsules,

and the seeds would have weighed 208 '48 grains.
The ten self-fertilised plants actually produced 70 capsules
therefore twenty of them would have produced 140 capsules
and the seeds would have weighed 153 2 grains.
•

From

these data

Number

we

get the following ratios

:

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
The London-crossed to the intercrossed, as 100
The Intercrossed to the self-fertilised as 100

to
to

39
45

to 67

Weight of seeds 2)roduced by an equal number of plants of the
three lots.

Weight of Seed.

The London-crossed to the self- fertilised, as 100
The London-crossed to the intercrossed, as 100
The Intercrossed to the self-fertilised, as 100

We

thus see

how

to 33
to

45

to 73

greatly the offspring from the self-fertilised

plants of the third generation crossed by a fresh stock,

had

whether tested by the number of capsules produced or by the weight of the contained seeds; this
latter 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 fertihty
considerably increased, as tested by the same two methods.
In conclusion it may be well to repeat in reference to the
fertility of these three 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
capsules 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 different treatment to which
the pollen-bearing parents had been subjected dui-ing several

their fertility increased,

;

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 nniform in tint
as those of a wild species, being of a pale pink or rose colour.

Analogous cases

with Mimulus and Ipomcea,

several

after

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

It deserves notice that only

rule with seedling carnations.

two

or three of the London-crossed plants produced dark crimson
flowers like those of their fathers,

pink

like those of their mothers.

petals longitudinally

— the

groundwork

and only a very few of a pale
The great majority had their

and variously striped with the two colours,
being, however, in some cases darker

tint

than that of the mother-plants.

XIL MALVACEiE.—Hibiscus
Many

africanus.

flowers on this Hibiscus were crossed with pollen from

a distinct plant, and

many

larger proportional

number

others were self-fertilised.

fertilised flowers yielded capsules,

more

The
heavier than an equal number
tained rather

seeds.

A rather

of the crossed than of the self-

and the crossed capsules conwere a little

self-fertihsed seeds

of the crossed seeds, but they
germinated badly, and I raised only four plants of each lot. In

three out of the four pots, the crossed plants flowered

first.

Table XLVIIL
Hibiscus africanus.
No. of Pot.

Crossed Plants.

oelf-fenilised Plants.

Inches.

Inches.

13|

16|

II.

14

14

III.

8

7

IV.

17|

20|

53-00

57-75

I.

Total in inches.
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plants average 13 '25, and the four self-fer14 '43 inches in height; or as 100 to 109. Here wo have
the unusual case of self-fertilised plants exceeding the crossed
in height but only four pairs were measured, and these did not
grow well or equally. I did not compare the fertility of the two
tilised

;

lots.

•

;
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CHAPTER

Chap. V.

V.

GERANIACEiE, LeGUMINOS^, OnAGRACE^, ETC.

Pelargonium zonal e, a cross between plants propagated by cuttings
does no good Tropseolum minus Limnanthes douglasii Lupinus
luteus and pilosus Phaseolus multiflorus and vulgaris Latliyrus

—

—

—

—
—

never naturally intercross in England— Pisum
rarely intercross, but a cross between them
highly beneficial Sarothamnus scoparius, wonderful etfects of a
cross
Ononis minutissima, cleistogene flowers of— Summary on
Clarkia elegans
Bartonia aurea
the Leguminosse
Passiflora
Apium petroselinum Scabiosa atropurpurea Lactuca
gracilis
Specularia speculum Lobelia ramosa, advantages of a
sativa
Lobelia fulgens Nemophila insignis,
cross during two generations
great advantages of a cross Borago officinalis Nolana prostrata.
odoratus, varieties

of,

sativum, varieties

—

—
—

of,

—
—

—
—
—

—
—

—

—

—

—

XIII.

GEEANIACEiE.— Pelargonium

zonale.

This plant, as a general rule, is strongly proterandrous,* and
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 no sooner had I done so, than I remembered that these
plants had been propagated by cuttings from the same stock,
is

and were therefore parts
Nevertheless, having

in a strict sense of the

made

same

indiyidual.

the cross I resolved to save the seeds,

which, after germinating on sand, were planted on the opposite
*

Mr.

J.

Denny, a great

raiser

of new varieties of pelargoniums,
after stating that this species is
proterandrous, adds (' The Florist
and Pomologist,' Jan, 1872, p. 11)
"there are some varieties, especially those with petals of a pink
colour, or which possess a weakly
constitution, where the pistil expands as soon as or even before
the pollen-bag bursts, and in

which

also the pistil is frequently

short, so

when

smothered

as

it
it

expands
were by

it

is

the

bursting anthers; these varieties
are great seeders, each pip being
fertilised

by

its

own

pollen.

£

would instance Christine as an
example of this fact." We have
here an interesting case of vain an important func-

riability

tional point.
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In one pot the quasi-crossed plant was very
soon and ever afterwards taller and finer than the self-fertilised.
In the two other pots the seedlings on both sides were for a time
sides of three pots.

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

exactly equal

;

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 tlie same conditions, are crossed, no advantage
whatever is gained.
Several flowers on another plant of the same variety were
fertilised with pollen from the younger flowers on the same plant,
so 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 distinct seedling. The self-fertilised
seeds germinated rather before the others but as soon as I got
equal pairs they were planted on the opposite sides of four pots.
;

;

Table XLIX.
Pelargo)u'um zonale.
No. of Pot.

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

1.

22 i
19 i

251
12^

H.

15
121

22

30-1

III.

18^

38

IV.

156-50

Total in inches.

19f
i

19i
7^
9|

116-38

When the two lots of seedlings were between 4 and 5 inches in
height they were equal, excepting in Pot IV., in which the crossed
plant

was much the

in height,

tallest.

When

between 11 and li inches

they were measured to the tips of their uppermost

TEOP^OLUM MINUS.
leaves; the crossed averaged 13*46.

Chap. Y.

and the

self-fertilised

11*07

inches in height, or as 100 to 82. Five months later they were
again measured in the same manner, and the results are given
in the preceding table.

The seven

crossed plants

now averaged 22

•

35,

and the seven

16 62 inches in height, or as 100 to 74. But from
the great inequality of the several plants, the result is less trustworthy than in most other cases. In Pot II. the two selffertilised plants always had an advantage, except whilst quite
self-fertilised

*

young, over the two crossed plants.
As I 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 use in keeping any of
and in the
the plants excepting those in Pots I. and III.
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.

Trop^olum

minus.

and are manifestly adapted
as shown by Sprengel and
Delpino. Twelve flowers on some plants growing out of doors
were crossed with pollen from a distinct plant and produced
eleven capsules, containing altogether twenty-four good seeds.
Eighteen flowers were fertilised with their own pollen and
produced only eleven capsules, containing twenty-two good

The

for

flowers are proterandrous,

cross-fertilisation

seeds

;

so that a

much

by

insects,

larger proportion of the crossed than of

the self-fertilised flowers produced capsules, and the crossed
capsules contained rather more seed than the self-fertilised

m

the ratio of 100 to 92. The seeds from the self-fertilised capsules
were however the heavier of the two, in the ratio of 100 to 87.
Seeds in an equal state of germination were planted on the
opposite sides of four pots, but only the two tallest plants on
each side of each pot were measured to the tops of their stems.

The pots were placed in the greenhouse, and the plants trained
up sticks, so that they ascended to an unusual height. In three
of the pots the crossed plants flowered

first,

but in the fourth

same time with the self-fertilised. When the seedlings
were between 6 and 7 inches in height, the crossed began to
at the

—

1

11
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show a slight advantage over their opponents. When grown to
a considerable height the eight tallest crossed plants averaged
44-43, and the eight tallest self-fertilised plants 37-34 inches,
or as 100 to 84. When their growth was completed they were
again measured, as shown in the following table
:

Table L.
Tropmolum minus.
No. of Pot.

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

65
50

45

II.

69
35

42
45

III.

70
59

50
55^

57

37
61|

467-5

368-0

1.

•61

IV.

Total in inches.

The

eight tallest crossed plants

now averaged

58-43, and the

eight tallest self-fertilised plants 46 inches in height, or as 100
to 79.

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

LiMNANTHES DOUGLASII.
Several flowers were crossed and self-fertilised in the usual
manner, but there was no marked difference in the number of

seeds which they yielded.

A vast number of spontaneously self-

were also produced under the net. Seedlings
"were raised in five pots from the above seeds, and when the
crossed were about 3 inches in height they showed a slight
advantage over the self-fertilised. When double this height, the

fertilised capsules

L

—

1

1
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self-fertilised plants

were measured

the former averaged 7 3 inches, and
the self-fertilised 6*07 inches in height, or as 100 to 83. In

to the tips of their leaves

•

;

all the pots, excepting IV., a crossed plant flowered before anyone of the self-fertilised plants. The plants, when fully grown,
were again measured to the summits of their ripe capsules, with

the following result

:

Table

LI.

Limnanthes douglasii.
No. of Pot.

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

I.

17f
13

11

20
22
21
18|

14|
151
161

III.

15f
17f
14

111
10|
0

IV.

20
14
18

13|

17

14|
14

II.

V.

18|
141
Total in inches.

279-50

17

13

121

12

207-75

now averaged 17*46, and the
one had died) self-fertilised plants 13 85 inches in
height, or as 100 to 79. Mr, Galton considers that a higher ratio
would be fairer, viz., 100 to 76. He made a graphical representation of the above measurements, and adds the words " very
good " to the curvature thus formed. Both lots of plants produced an abundance of seed-capsules, and, as far as could be
judged by the eye, there was no difference in their fertility.
The

sixteen crossed plants

fifteen (for

•

;
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LEGUMINOS^.

*

In this family I experimented on the following six
Pisum, Saru-

genera, Lupinus, Phaseolus, Lathyrus,

thamnus, and Ononis.
Lupinus luteus.*

A

few flowers were crossed with pollen from a distinct plant,
but owing to the unfavourable seavson only two crossed seeds
Nine seeds were saved from flowers sponwere produced.
taneously self-fertilised under a net, on the same plant which

One of these crossed seeds was
sown in a pot with two self-fertilised seeds on the opposite side
the latter came up between two and three days before the crossed
The second crossed seed was sown in like manner with
seed.
two self-fertihsed seeds on the opposite side these latter also came
up about a day before the crossed one. In both pots, therefore,
the crossed seedlings from germinating later, were at first completely beaten by 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 toosmall, 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-fertihsed plants which had been raised
separately in larger pots produced several spontaneously selffertihsed pods under a net, and seeds from these were used in the
yielded the two crossed seeds.

;

;

;

following experiment.
Crossed

and

selffertilised

Plants of the Second Generation.

* The structure of the flowers
of this plant, and their manner of
fertilisation,

have been described

Miiller, ' Befruchtung,' &c.
The flowers do not
p. 243.
secrete free nectar, and bees fjenerally visit them for their pollen.

by H.

Mr.

Farrer,

however,

remarks

— The

('Nature,' 1872, p. 499) that
" there is a cavity at the back ami
base of the vex ilium, in which I
have not been able to And nectiir.
13nt the bees, which constantly
visit these flowers, certainly go to
this cavity for what they want,
and not to the staminal tube."

L 2

—

1
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spontaneously self-fertilised seeds just mentioned, and crossed
seeds obtained by intercrossing the two crossed plants of the last
generation, after germinating on sand, were planted in pairs on
the opposite sides of three large pots.

When

the seedHngs were

inches in height, the crossed had a slight advantage
over their opponents. When grown to their full height, every

only 4

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

:

Table LII.
Lupinus
No. of Pot.

lufeus.

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

38|
30
30

28

II.

29|
30

26
25

III.

30|

28
271
24

I.

24|

31
31
.

Total in inches.

201-75

246-25

plants here average 30 78, and the eight
25*21 inches in height; or as 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 OTving to
few bees visiting them. The crossed plants produced nine pods,
containing on an average 3 "4 seeds, and the self-fertilised plants

The eight crossed

•

self-fertilised

seven pods, containing on an average 3 seeds, so that the seeds
from an equal number of plants were as 100 to 88.
Two other crossed seedlings, each with two self- fertilised
seedlings on the opposite sides of the same large pot, were
turned out of their pots early in the season, without being
disturbed, into open ground of good quality. They were thus
subjected to but little competition with one another, in comparison 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 to unfavourable conditions the
two crossed plants ultimately attained a height of 20 i and
20 inches, whilst the two self-fertilised were only 18 and 9i
:

inches high.

LUPINUS PILOSUS.

From

a series of accidents I 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. luteus. I raised at first
only a single crossed seedling, which was placed in competition
with two self-fertilised ones on the opposite side of the same
pot.
These plants, without being disturbed, were soon afterwards 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 selffertilised seeds had been planted at the same time separately
in the open ground
and the two tallest of these were 83 and
32 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 j^lants, 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.
C7vssed and self-fertilised Plants of the Second Generation.
crossed

and

self-^fertilised

seeds obtained in the

—From

manner

just

described, I succeeded in raising to maturity only a pair of
plants,

which were kept

in a pot in the greenhouse.

The crossed

plant grew to a height of 33 inches, and the self-fertilised to
that of 26^ inches. The former produced, whilst still kept in
the greenhouse, eight pods, containing on an average 2 77 seeds
'

two pods, containing on an average 2*5
The average height of the two crossed plants of the two

and the
seeds.

latter only

{
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'

;

to 86.*

PhASEOLUS MULTIFLOEUS.
This plant, the scarlet-rnnner of English gardeners and the P.
coccineus of Lamarck, originally came from Mexico, as I am informed by Mr. Bentham. The flowers are so constructed that
hive and humble-bees, which visit them incessantly, almost always
alight on the left wing-petal, as they can best suck the nectar
from this side. Their weight and movements depress the petal,
and this causes the stigma to protrude from the spirally- wound
keel, and a brush of hairs round the stigma pushes out the pollen
The pollen adheres to the head or proboscis of the
before it.
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 occasion about one-eighth, 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
manner as bees do, and these produced remarkably

the same

* We here see that both Lupinus luteus and pilosus seed freely
when insects are excluded; but
Mr. Swale, of Cbristchurch, in
New Zealand, informs me (see
'Gardeners' Chronicle,' 1858, p.
828) that the garden varieties of
the lupine are not there visited by
any bees, and tbat they seed less
freely than any other introduced
leguminous plaut, with the excep-

He adds, " I
have, for amusement, during the
summer, released the stamens with
a pin, and a pod of seed has always
rewarded me for my trouble, the
adjoiuiug flowers not so served
tion of red clover.

I do
all proved blind."
not know to what species this
statement refers.

having

t The flowers have been described by Delpino, and in an

admirable manner by Mr. Farrer

in the 'Annals and Mag. of Nat.
Hist.' vol. ii. (4th series) Oct.
son Francis
1808, p. 256.
has explained ('Nature,' Jan. 8,
1874, p. 189) the use of one peculiarity in their structure, namely,
a little vertical projection on the
single free stamen near its base,
which seems placed as if to guard
the entrance into the two nectarholes in the stamiual sheath.
He shows that this projection prevents the bees reaching the nectar,
unless they go to the left side of
the flower, and it is absolutely

My

necessary for
cross-fertilisation
that they should alight on the
left wing-petal.
X 'Gardeners' Chronicle,' 1857.
p. 725, and more especially ibid.
1858, p. 828. Also 'Annals and
Mag. of Nat. Hist.' (3rd series)
vol. ii. 1858, p. 4G2.

;
;
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the net was taken

off, the flowers were immeand 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 insects. 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 fruitful." Mr. Belt gives a
more curious case this plant grows well and flowers in Nicaragua
but as none of the native bees visit the flowers, not a single pod

fine pods.

diately visited

by

bees,

;

is

ever produced.*

From

the

facts

now

given

we may

feel

nearly sure that

same variety or of different varieties, if gi-owing
near each other and in flower at the same time, would intercross but I cannot myself advance any direct evidence of such
an occurrence, as only a single variety is commonly cultivated in
England. I have, however, received an account from the Kev.
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 varieties which ordinarily come true and which
bear differently coloured flowers and seeds; and the offspring
individuals of the

;

thus raised varied so greatly that there could hardly be a doubt
that they had intercrossed.! On the other hand, Professor H.
Hoffmann t does not believe in the natural crossing of the
varieties for although seedlings raised from two varieties growing
close together produced plants which yielded seeds of a mixed
character, he found that this likewise occurred with plants separated by a space of from 40 to 150 paces from any other variety
;

he therefore attributes the mixed character of the seed
* Dr. Ogle,
view,'

'The

'

Pop. Science Ke-

Mr. Belt,
1870, p. 168.
Naturalist in Nicaragua,'

The latter author
1874, p. 70.
Nature,' 1875,
gives a case
p. 26) of a late crop of P. multinear London, which " was
rendered barren" by the humblebees cuttiu'j:, as they frequently
do, holes at the bases of the flowers
instead of entering them in the

florus

to sponta-

proper manner.
t ' Fecondation chez les Ve'getaux,' 1859, pp. 34-40.
He adds

M.

that

Villiers lias described a
hybrid, whicli he
calls P. coccineus hyhridus, in the
'
Annales de la Soc. R. de Horticulture,' June 1844.

spontaneous

X

'

Bcstimmung des Wertlies

von Species und Varietat,' 1869,
pp. 47-72.

1
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But the above distance would be very far from

cabbages have been known to
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, he attributes the partial steriUty 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
sufficient to prevent intercrossing

:

cross at several times this distance

;

;

the same manner as bees do the wing-petals of flowers protected
by a net and crossed seeds were obtained by crossing two of the
plants under the same net. The seeds after germinating on sand
were planted on the opposite sides of two large pots, and equalsized sticks were given them to twine ui3. When 8 inches
The crossed
in height, the plants on the two sides were equal.
;

plants flowered before the self-fertilised in both pots.
as one of each pair

had grown

summit

to the

As soon

of its stick both

were measured.

Table LIII.
Phaseolus multiflorus.
No. of Pot.

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

I.

87
88
82

84f
87
76

II.

90
82

76|

Total in inches.

The average height

87

430-00

411-75

of the five crossed plants

that of the five self-fertilised plants 82 35
•

;

is

86 inches, and

or as 100 to 96.

The

pots were kept in the greenhouse, and there was little or no
Therefore as far as
difference in the fertility of the two lots.
these few observations serve, the advantage gained by a cross
very small.
*

'

Kenntniss der Befruchtung,' 1844, pp. 573, 577.

is
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Phaseolus vulgaris.

With

respect to this species, I merely ascertained that the
flowers were highly fertile when insects wci-e excluded, as indeed

must be the

case, for the

when no

winter

plants are often forced during the

insects are present.

Some

plants of two varieties

Canterbury and Fulmer's Forcing Bean) were covered with
a net, 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 multijlorus is
(viz.,

;

remarkable, as these two species are so closely related that
Linnjeus thought that they formed one. When the varieties of 1\

grow near one another in the open ground, they sometimes cross largely, notwithstanding their capacity for selfvulgaris

Mr. Coe has given me a remarkable instance of
with respect to the negro and a white-seeded and
a brown-seeded variety, which were all grown together. The
diversity of character in the seedlings of the second generation
raised by me from his plants was wonderful. I could add other
analogous cases, and the fact is well known to gardeners.*
fertilisation.

fact

this

Lathyrus odoratus.
Almost everyone who has studied the structure of papilionaceous flowers has been convinced that they are specially
adapted for cross-fertilisation, although many of the species are
likewise capable of

Lathyrus

country

odoratus

it

The

self-fertilisation.

or the sweet-pea

seems invariably to

is

case

therefore

curious, for

fertilise itself.

in

of

this

I conclude that

this is so, as five varieties, difiering greatly in the colour of their

flowers but in no other respect, are

true

yet on inquiry from

;

two great

commonly

sold

and come

raisers of seed for sale, I

no precautions to insure purity— the five
grown close together.f I have myself
purposely made similar trials with the same result. Although
the varieties always come true, yet, as we shall presently see, one
find that they take

varieties being habitually

*
in

I

have given Mr. Coe's case

the

1858, p.

Gardeners' Chronicle,'
829. See also for anotlier
'

case, ibid. p.

t See Mr.

84.'5.

W. Earley

in

'Na-

ture,' 1872, p. 242, to the

He

same

once, however, saw
bees visiting the tiowers, and supposed thiit on this occasion tliey
would have been intercrossed.
effect.
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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 productive, these increase, to the exclusion of the others, as I was
informed by the late Mr. Masters, if there be no selection.
In order to ascertain what would be the effect of crossing two
varieties, some flowers on the Purple sweet-pea, which has a
dark reddish-purple standard-petal with violet-coloured wingpetals and keel, were castrated whilst very young, and were
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 I should have suspected some mistake in the
label, had not the plants, which were at first identical in appearance with the father or Painted Lady, later in the season produced
flowers blotched and streaked with dark purple.
This is an infertilised

;

example of partial reversion in the same individual
grows older. The purple-flowered plants were thrown
away, as they might possibly have been the product of the
accidental self-fertilisation of the mother-plant, owing to the
castration not having been effectual. But the plants which
resembled in the colour of their flowers the paternal variety or
Next
Painted Lady were preserved, and their seeds saved.
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 pale purple wings with the standard
of a darker crimson than is natural to the Painted Lady, so
Amongst these plants
that they formed a new sub-variety.
a single one appeared having purple flowers like those of the
grandmother, but with the petals slightly streaked with a paler
Seeds were again saved from the
tint
this was thrown away.
foregoing 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 gro^^m during many sucteresting

plant as

it

;

:

;

cessive generations in close proximity,

we may

infer that they

Chap.
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does occasionally occur

row of plants raised from seeds

of one

is

that

variety, another

for instance, in a long row of
which had been carefully gathered from
Scarlets for the sake of this experiment) two Purples and one
Painted Lady appeared. Seeds from these three aberrant plants
were saved and sown in separate beds. The seedlings from both
the Purples were chiefly Purples, but with some Painted Ladies
and some Scarlets. The seedlings from the aberrant Painted
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 I

variety true of its kind appears

;

Scarlets (the seeds of

;

found, as well as Mr. Masters, that
characters at

From

the evidence

now

varieties

of the sweet-pea

country

and

;

it

did not transmit

its

all truly.

we may conclude

given,

that the

rarely or never intercross in

this

this is 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;

That insects should
thirdly, the occasional visits of insects.
sometimes fail to cross-fertilise the flowers is intelligible, for I
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
as to 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
I 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 grand iflor us, is not perforated by nectar-passages, and this species has rarely set any
pods in my garden, unless the wing-petals were moved up and

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, I have
seen on one occasion hive-bees, and two or three occasions the
Megachile wiKughhiella in the act of depressing the keel; and
these bees had the under sides of their bodies thickly covered
with pollen, and could not thus fail to carry pollen from one
flower to the stigma of another. Why then do not the varieties
occasionally intercross, though this would not often happen, as
insects so 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 nectar is sometimes secreted and
;

;

pollen adheres to the viscid stigma before the flowers are fully

expanded, yet in five young flowers which were examined
by me the pollen-tubes were not exserted. Whatever the cause
may be, we may conclude, that in England the varieties never or
very rarely intercross. But it does not follow from this, that
they would not be crossed by the aid of other and larger insects
in their native country, which in botanical works is said to 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 intercross, and that they cannot be preserved pure unless they are

sown

separately."

from the foregoing facts that the several varieties
must have propagated themselves in England
by self-fertilisation for very many generations, since the time
It follows also

of the sweet-pea

when

each

new

variety first appeared.

From

the analogy of the

Mimulus and Ipomoea, 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 sweetplants of

pea,

it

appeared to

me

very improbable that a cross between the

individuals of the same variety would benefit the offspring.

A

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
cross of this kind

was therefore not

tried,

;

—
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their father, the Purple pea, cxeepting that they were a little
lighter coloured, with their keels slightly streaked with palo

Seeds from flowers spontaneously self-fertilised under a
same time saved from the same mother-plant, the
Painted Lady. These seeds unfortunately did not germinate on
sand at the same time with the crossed seeds, so that they could
One of the two crossed seeds in
not be planted simultaneously.
a state of germination was planted in a pot (No. I.) in which a
self-fertilised seed in the same state had been planted four days
purple.

net were at the

before, so that this latter seedling

In Pot

the crossed one.

II.

had a great advantage over

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 slug,
and was in consequence for a time quite beaten by the selfNevertheless I allowed it to remain, and so
fertilised plant.
great was its constitutional vigour that it ultimately beat its uninjured self-fertilised rival. When all four plants were almost
fully grown they were measured, as here shown
;

:

Table LIV.
Lathyrus odoratus.
No. of Pot.

I.

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

80
63

II.

Total ia inches.

127-5

158-5

The two crossed plants here average 79*25, and the two

self-

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. Eighteen 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 3 93
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.

fertilised

*

;

—

1
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peas were, however, quite as heavy as those
From these two lots of seeds, the plants

from the crossed pods.

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 I 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
:

Table LV.
Lathyrus odoratus {Second Generation).

No. of Pot.

Seedlings from Plants Seedlings from Plants
crossed during the
self-fertilised during
two previous Generamany previous
tions.
Generatiuns.
Inches.

I.

Inches.

521

57 1
67
56 f

45
55

38 g
46

72|
71

66

II.

Total in iuches.

The average height

377-50

331-86

of the six crossed plants

that of the six self-fertilised 55 31 inches
*

was not much

;

is

here 62 91, and
•

or as 100 to 88.

difference in the fertility of the

two

lots

There
;

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
sake of ascertaining whether the seedlings

lots of plants, for the

thus raised would inherit any difference in growth or vigour.
must therefore be understood that both lots in the following
but that in the one
trial are plants of self-fertilised parentage
lot the plants were the children of plants which had been crossed
during two previous generations, having been before that self-

It

;

—
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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
fertilised for

;

were planted in pairs on the opposite sides of four pots. They
were measured, when fully grown, with the following result
:

Table LVI.
Lathyrus odoratus.
Self-fertillsrd Plants

Self-fertilised Plants

NTn nf Pnf

from

from Crossed Plants.

Plants.

Inches.

Inches.

72
72

65
611

58
68
72|

64
681

III.

81

601

IV.

77|

I.

II.

The average height

56

501

Total in inches.

g

452

of the seven self-fertilised plants, the off-

spring of crossed plants,
tilised plants,

Sclf^ftirtilisGcl

is

71*57, and that of the seven self-fer-

the offspring of self-fertilised plants,

is

64*57

;

or

The self-fertilised plants from the self-fertilised
produced rather more pods viz., thirty-six than the self-fer-

as 100 to 90.

tilised

—

—

plants from the crossed, for these produced only thirty-one

pods.

A

few seeds of the same two

lots

corners of a large box in wliich a
gi'owing,

and in which the

soil

was

were sown in the opposite
Brugmansia had long been
so exhausted that seeds of

Ipomoea purpurea would hardly vegetate

yet the two plants of
which were raised flourished well. For a long
time the self-fertilised plant from the self-fertilised beat the selffertilised plant from the crossed plant
the former flow^ered first,
and was at one time 772 inches, whilst the latter was only 681 in
height 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.
I also sowed some of the same two

the sweet-pea

;

;

;

;
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lots 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

and this may probably be attributed, in the
present as in the last case, to these seeds having germinated
rather sooner than those from the crossed plants but at the
crossed plants;

;

close of the season the tallest of the self-fertilised plants

from

the crossed plants was 30 inches, whilst the tallest of the
fertilised

From

from the

was 29f inches

self-fertilised

the various facts

now given we

self-

in height.

see that plants derived

from a cross between two varieties 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 second generations. The crossed plants
also transmit their superiority in height and vigour to their
self-fertilised offspring.

PiSTJM SATIVUM.

The common

when

pea is perfectly fertile

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,

playing

itself in

namely

:

" The open blossom dis-

the most attractive and convenient position for

the conspicuous vexillum the wings formiog an alighting place; the attachment of the wings to the keel, by which
any body pressing on the former must press down the latter
insects

;

;

the staminal tube enclosing nectar, and affording by

means of

its

stamen with apertures on each side of its base an
open passage to an insect seeking the nectar; the moist and
sticky pollen placed just where it will be swept out of the apex
partially free

of the keel against the entering insect

;

the

stiff elastic style

so

placed that on a pressure being applied to the keel it will be
pushed upwards out of the keel the hairs on the style placed
;

on that side of the style only on which there is space for the
pollen, and in such a direction as to sweep it out; and the
all these
stigma so placed as to meet an entering insect,
become correlated parts of one elaborate mechanism, if we

—

*
479.

*

Nature,' Oct. 10, 1872, p.
H. Miiller gives an elaborate

description of the flowers,
fruchtung,' &c. p. 247.

'

Be-

IGl
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suppose that the fertilisation of these flowcis is effected by the
carriage of pollen from one to the otlier." Notwithstanding these
manifest provisions for cross-fertilisation, varieties which liave
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 varieties, wiiich were originally produced by an artificial

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
Most of the varieties, howare generally grown near together.
ever, endure for a shorter period and this may be in i)art due
to their weakness of constitution from long-continued self-

cross

•

;

;

fertilisation.

It is remarkable, considering that the flowers secrete

nectar and afford

much

much

how seldom

they are visited by
as H. Miiller remarks, in North

pollen,

England or,
Germany. I have observed the flowers for the last thirty years,
and in all this time have only thrice seen bees of the proper kind at
work (one of them being JJombus mum>rum), such as were suf-

insects either in

powerful to depress the keel, so as to get the undersides of
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
ficiently

their bodies

of the visits of efficient bees to this exotic plant
chief cause of the varieties so seldom
cross does occasionally take place, as

is,

I believe, the

That a
might be expected from what
intercrossing.

has just been stated, is certain, from the recorded cases of the direct
action of the pollen of one variety on the seed-coats of another, f
The late Mr. Masters, who particularly attended to the raising of

new

varieties

was convinced that some of them had
crosses.
But as such crosses are
w^ould not often be thus deteriorated, more

of peas,

originated from accidental
rare, the old varieties

from the proper type are generally
by those who collect seed for sale. There is another
cause which probably tends to render cross-fertilisation rare,

especially as plants departing
rejected

* 'Variation of Animals and
Plants
under
Domestication,'
chap. ix. 2nd edit, vol i. p 348.

f 'Vav. under Domestication.*
chap. xi. 2nd edit. vol. i. p. 428.

M
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namely, the early age at which the pollen-tubes are exserted
eight flowers not fully expanded were examined, and in seven ot
these the pollen-tubes were in this state but they had not as
yet penetrated the stigma. Although so few insects visit the
flowers of the pea in this country or in North Germany, and
although the anthers seem here to open abnormally soon, it does
not follow that the species in its native country would be thus
circumstanced.
Owing to the varieties having been self-fertilised for many
generations, and to their having been subjected in each generation 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 the 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
been propagated by self-fertilisation for at least a dozen generations.
Some flowers were crossed with pollen from a distinct
plant growing in the same row, and others were allowed to
fertilise themselves under a net.
The two lots of seeds thus
obtained were sown on opposite sides of two large pots, but only
four pairs came up at the same time. The pots were kept in 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
:

Table LVII.
Pisum
No. of Pot.

I.

II.

sativum.

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

35
31

51

35

45
33

37
Total in iuches.

291

138-50

158-75

The average height of the four crossed plants is here 34 62,
and that of the four self-fertilised plants 39*68, or as 100 to 115.
•

So that the crossed plants, far from beating the
were completely beaten by them.

self-fertilised,

;;
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SCOPAIIIUS.

can be no doubt that the result would have been
if any two varieties out of the numberless ones
which exist had been crossed. Notwithstanding that both had
been self-fertilised for many j3revious 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 wliich 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
There,

widely different,

striking instance of the stimulative effects of crossing the breeds
for the smallest variety,

was increased

to 6 feet;

whose height rarely exceeded 2

feet,

whilst the height of the large

and

Recently Mr, Laxton
has made numerous crosses, and everyone has been astonished at
the vigour and luxuriance of the new varieties which he has thus
luxuriant kind was very

little

diminished."

and afterwards fixed by selection. He gave me seed-peas
produced from, crosses between four distinct kinds; and the
plants thus raised were extraordinarily vigorous, being in each
case from 1 to 2 or even 8 feet taller than the parent-forms,
which were raised at the same time close alongside.
But as
I did 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 or as 100 to 60.

raised

;

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
*

'

Philosophical Transactions,' 1799,

p. 200.

M

2

;
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much elongated curved pistil, spring forth with violence.

flattened, spoon-like extremity of the pistil rests for a time

on tlie 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 upturned and occupies a position, in which it would be rubbed
against the abdomen of another bee visiting the same flower.
Thus, when the pistil first escapes from the keel, the stigma
is rubbed against the back of the bee, dusted with pollen
from the longer stamens, either of the same or another flower
and afterwards against the lower surface of the bee dusted
with pollen from the shorter stamens, which is often shed a
day or two before that from the longer stamens. *
By this
mechanism cross-fertilisation is rendered almost inevitable, and
we shall immediately see that pollen from a distinct 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 manner so frequently and
for so long a time that I cannot avoid the belief that they
obtain something palatable within the flowei^.
If the visits of bees are prevented, and if the flowers are
not dashed by the wind against any object, the keel never
opens, so that the stamens and pistil remain enclosed. Plants
thus protected yield very few pods in comparison with those
produced by neighbouring uncovered bushes, and sometimes
none at all.
I fertilised a few flowers on a plant growing
almost in a state of nature with pollen from another plant
close alongside, and the four crossed capsules contained on
an average 9*2 seeds. This large number no doubt was due
to the busli bemg 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,
Ninety-three pods
contained an average of only 7*14: seeds.
spontaneously self-fertilised on a large bush which had been
covered up, but had been much agitated by the wind, contained
an average of 2 93 seeds. Ten of the finest of these ninety;

;

•

* These observations have been
quoted in an abbreviated form by
the Rev. G. Henslow, in the
'Journal of Linn. Soc. Bot.' vol.

H. Miiller lias
1866, p. 3o8.
since published a full and excellent account of the flower in lii;<
'
Befruchtung," &c. p. 240.
ix.
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three capsules yielded an average of 4*30 seeds, that
half the average

number

ratio of 7 -14

The

to

number

fairest for the

2-93, or as

100 to 41,

compared with an equal number

fertilised seeds

than

is

probably

tlie

of seeds per pod, yielded by naturally-

crossed and spontaneously self-fertilised flowers.
seeds

is less

in the four artificially crossed capsules.

The

crof«sed

of the spontaneously self-

were heavier, in the ratio of 100 to

88.

We thus

see that besides the mechanical adaptations for cross-fertilisation,

the flowers are

much more

distinct plant than with their

productive with pollen from

own

a

pollen.

Eight 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 difierence
between 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 in the following spring (1868)
looked unhealthy and had grown but little, they were plunged,
still

in their pots, into the

open ground.

The plants

all suffered

much from

the sudden change, especially the self-fertilised, and

two of the

latter died.

The remainder were measured, and

I

give the measurements in the following table, because I have

not seen in any other species so great a difi"erence between the
crossed

and

self-fertilised seedlings at so early

an age.

Table LVIII.
Sarothamrnis scoparius (very young plants).
No. of Pot,

I.

II.

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

n
6
2
9

n
1
i|

4

Os
Total in inches.

The

six crossed plants

17-5

8-0

here average 2 '91, and the six

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.
In 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
It should be remembered that these
in height, was dying.
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 II. were all alive. One of the selffertilised 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 to leave these plants to

struggle together for some years.

By

the

autumn

of the

same

year (1869) the self-fertilised plant which had been victorious
was now beaten. The measurements are shown in the following
table

:

Table LIX.
Pot

Surothammis scoparius.

II.

Crossed Plants.

Self- fertilised Plants.

Inches.

Inches.

n

i

3

81

2|

1

The same plants were again measured

in the

following year, 1870.

Table LX.
Pot

II.

Snrofhammts scoparius.

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

261
111

14

56-75

35-50

autumn

of the

;

ONONIS MINUTISSIMA.
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The thrcG crossed plants now averaged

and the tliree
100 to 63. The three
crossed plants in Pot I., as already shown, had beaten the three
self -fertilised plants so completely, that any comparison between
18" 91,

self-fertiUsed 11 '83 inches in height; or as

them was superfluous.
The winter of 1870-1871 was severe. In the spring the three
crossed plants in Pot II. had not even the tijjs of their shoots in
the least injured, whereas
killed half-way

down

to the

all

three self-fertilised plants were

ground

;

and

this

shows how much

more tender they were.

In consequence not one of these latter
plants bore a single flower during the ensuing summer of 1871,
whilst

all

three crossed plants flowered.

Ononis minutissima.
This plant, of which seeds were sent

me from North Italy, pro-

duces, besides the ordinary papilionaceous flowers, minute, imperfect,

closed or cleistogamic flowers, which can never be cross-ferti-

lised,

but are highly

self- fertile.

Some

of the perfect flowers were

crossed with pollen from a distinct plant, and six capsules thus
produced yielded on an average 3 66 seeds, with a maximum
'

Twelve perfect flowers were marked and allowed
to fertilise themselves spontaneously under a net, and they
yielded eight capsules, containing on an average 2 38 seeds, with
a maximum of three seeds in one. So that the crossed and selffertilised capsules from the perfect flowers yielded seeds in the
Fifty-three capsules produced by the
proportion of 100 to 65.
cleistogamic flowers contained on an average 4 1 seeds, so that
these were the most productive of all; and the seeds themselves looked finer even than those from the crossed perfect
of five in one.

•

*

flowers.

The seeds from the crossed

perfect flowers and from the selfwere allowed to germinate on sand
but unfortunately only two pairs germinated at the same time.
These were planted on the opposite sides of the same pot, which
was kept in the greenhouse. In the summer of the same year,
when the seedlings w^ere about 4^ inches in height, the two lots
were equal. In the autumn 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 7| 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
fertilised cleistogamic flowers

_^

—
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;

the

and 15 j, whilst that
was 14f and llf inches.

their height being 16^

self-fertilised plants

By
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autumn

of 1870, the heights were as follows

of the

:

Table LXI.
Onoii

is

miniitissima.

Crossed Plants.
Inches.

Self-fertilised Plants.

Inches.

j

20 i

in
39-63

34-75
1

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 88.
It should be remembered that the two lots were at first equal in
height that one of the self-fertilised plants then had the advantage, the two crossed plants being at last victorious.
•

•

;

;

Summary

on the Leguminosm.

— 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
and
the self-fertilised plants in height and fertility
when grown under very unfavourable conditions, in
;

vigour.

The

scarlet-runner (Phaseolus multifloriis)

partially sterile if the visits of bees are prevented,

is

and

is reason to believe that varieties growing near
(me another intercross. The five crossed plants, however, exceeded in height the five self-fertilised only

there

by a

little.

Phaseolus vulgaris

is

perfectly self-fertile

;

growing in the same garden
sometimes intercross largely. The varieties of Lathyrus
odoratus, on the other hand, appear never to intercross
and though the flowers are not often
in this country
visited by efficient insects, I cannot account for this

nevertheless, varieties

;

fact,

more

especially as the varieties are believed to

—
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intercross in

North

between two

Italy.
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Plants raised from a cross
only in the colour of

varieties, differing

their flowers,

grew much

taller

and were under un-

favourable conditions more vigorous than the self-fertilised plants

;

they also transmitted, when

common Pea (Pisum

self-fertilised,

The many

their superiority to their offspring.

varieties

though growing in
and this seems
close proximity, very seldom intercross
due to the rarity in this country of the visits of bees
of the

sativum),

;

sufficiently

powerful to effect cross-fertilisation.

A

between the self-fertilised individuals of the same
variety does no good whatever to the offspring w^hilst
a cross between distinct varieties, though closely allied,
does great good, of which we have excellent evidence.
The flowers of the Broom (Sarothamnus) are almost
sterile if they are not disturbed and if insects are exThe pollen from a distinct plant is more
cluded.
effective than that from the same flower in producing
seeds. The crossed seedlings have an enormous advan-

cross

;

tage over the self-fertilised
close

competition.

Lastly,

when grown together

in

only four plants of the

Ononis minutissima were raised

;

but as these were

observed during their whole growth, the advantage of
the crossed over the self-fertilised plants may, I think,

be fully trusted.

XV. ONAGEACEiE.— Clarkia elegans.
Owing

to the season being very unfavourable (1867), few of

which

formed capsules twelve crossed
and eighteen self-fertilised flowers
yielded only one capsule.
The seeds after germinating on sand
were planted in three pots, but all the self-fertilised plants died
in one of them.
When the two lots were between 4 and 5
inches in height, the crossed began to show a slight superiority
over the self-fertilised. When in full flower they were measured,
the flowers

I fertilised

flowers produced only four,

with the following result

:

;

11

1
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Table LXII.
Clarkia elegans.
No. of Pot.

Crossed Plants.

Self-fertili>ed Plants.

Inches.

Inches.

I.

40
35
25

33
24
23

II.

33

30

134-0

Total in inches.

The average height

110-5

of the four crossed plants

is

33

•

5,

and

that of the four self-fertilised plants 27 62 inches, or as 100 to
•

82.

The crossed

plants altogether produced 105 and the self63 capsules or as 100 to 60. In both pots a
plant flowered before any one of the crossed plants.

fertilised plants
self-fertilised

;

XVI. LOASACEiE.— Bartonia aueea.

Some flowers were crossed and
manner during two seasons but as I
;

self-fertilised in

reared on the

the usual

first

occasion

Table LXIII.
Bartonia
No. of Pot.

I.

aiirea.

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

31

37

20

II.

III.

19|

40

IV.

25
36

35

V.

31
16

18

20

32

VI.
Total in inches.

197-0

111

210-5

PASSIFLORA GRACILIS.
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only two

paii-s,

the results are given together.

the crossed capsules contained slightly
fertilised.

During the

first

On both

occasions

more seeds than the

when

year,

171

self-

the plants were about

7 inches in height, the self-fertilised were the tallest, and in the
second year the crossed were the tallest. When the two lots were
in full flower they were measured, as in the preceding table.
The average height of the eight crossed plants was 2i'G2, 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.
Eut the plants from some cause never grew well, and finally became so 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.

XVII.

PASSIFLOEACE^.—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 a distinct
plant.* Fourteen fruits from crossed flowers contained on an
average 24 "14 seeds. Fourteen fruits (two poor ones being
rejected), spontaneously self-fertilised under a net, contained on
an average 20*58 seeds per fruit; or as 100 to 85. These seeds
were sown on the opposite sides of tJiree pots, but only two i^airs
came up at the same time and therefore a fair judgment cannot
;

be formed.

Table LXIV.
Pass!flora gracilis.
No. of Pot.

Inches.

Inches,

56

38

II.

42

64

Total in inches.

98

102

The mean

*

*

Self-fertilised Plants.

I.

self-fertilised

Plants

Crossed Plants.

of the

two crossed

51 inches

;

is

49 inches, and that of the two

or as 100 to 104.

Variation of Animals and
Domestication,'
under

chap. xvii. 2nd edit. vol.
118.

ii.

p.
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petroselinum.

Umbellifera3 are proteranclrous, and can hardly

The

by the many

cross-fertilised

visit the flowers.*

by a

net,

and

it

fail to

be

and small Hymenoptera which
A plant of the common j^arsley was covered
apparently produced as many and as fine
flies

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 received pollen fi'om one

two

another.

Some

nearly

the self-fertilised seeds germinated before the others,

all

of these

lots of seeds

were

left

on sand, but

The remaining seeds
so that I was forced to throw all away.
were then sown on the opposite sides of four pots. At first the
self-fertilised seedlings were a little taller in most of the pots
than the naturally crossed seedlings, and this no doubt was due
But in
to the self-fertihsed seeds having germinated first.
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 crossed plants, and in a somewhat plainer
manner in the fourth pot. But neither side had any substantial
advantage over the other so that in height they may be said
;

;

to be as 100 to 100.

DIPSACE^.— ScABiosA

XIX.

The

flowers,

atro-purpurea.

which are proterandrous, were

fertilised

during

Table LXV.
Scahiosa o,tro-purpiirea.
No. of Pot.

Crossed Plants.

Self- fertilised Plants.

Inches.

Inches.

I.

14

20

II.

15

III.

21

14

18|

i:-5

68-5

61-5

Total in inches.

*

H.

Befruchtuns:,' &c.

pece,' torn. ii.p. 58, 1859), varieties

According to M. Mustel
(as stated by Godron,
De I'Es-

of the carrot growing near each
other readily intercross.

Miiller,

'

p. 96.

'

;
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the

unfavourable

especially

from the

season of

tliat

got few seeds,

I

which were extremely
plants raised from these

self-fertilised heads,

The crossed and

sterile.

18G7, so
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self-fertilised

seeds were measured before they were in full flower, as in the

preceding table.
The four crossed plants averaged 17 "12, and the four self-ferOne of the selftilised 15-37 inches in height; or as ICO to 90.

Pot III. was killed by an accident, and its
up; so that when they were again measured to the
summits of their flowers, there were only three on each side
the crossed now a\'eraged in height 32 83, and the self-fertilised
80-16 inches; or as 100 to 92.
fertilised plants in

fellow pulled

•

XX. COMPOSITiE.—Lactuca

sativa.

Three plants of Lettuce* (Great London Cos var.) grew close
together 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 (18G7) was unfavourable, and
Only one crossed and one selfI did not obtain many seeds.
fertilised plant were raised in Pot I., and their measurements are
given in the following table (LXVI.). The flowers on this one
Self-fertilised plant were again self-fertihsed 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
be crossed by insects, but the process was aided by some pollen
being occasionally 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 11. acd III., 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 beloDging to two generations.
When
the seedlings of the two lots were only 5 or 6 inches in height
they were equal. In Pot III. one of the self-fertilised plants
died before flowering, as has occurred in so many other cases.
;

*

The

adapted

Compositse

are

well-

but
on whom I can
rely, told me t, at he had been in
the hubit of sowing several kinds
of lettuci; near togttlier for the
sake of seed, and had never observed that they became crossed.
a

for cross-fertilisation,

nurse lyman

It is very imin-obable that all the
varieties which were thus cultivated near together Howtred at
ditfereiit times
but two which I
selecttd by hazard and sowed
near each other did not liower at
the same time
and my trial
;

;

failed.
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Table LXYl.
Lactuca saliva.
No. of Pot.

Crossed Plants.

Self -fertilised Plantjr.

Inches.

Inches.

27
25

20

First generation,

planted in open
ground.

11.

29|

Second generation,
planted in open
ground.

24
10

12|

11

14
io|

0

III.

Second generation,
kept in the pot.

136

Total in inches.

The average height

96

of the seven crossed plants

that of the six self-fertilised plants 16 inches

;

is

oi as

19 •43, aud

100 to 82.

XXI. CAIMPANTJLACE^.— Speculaeia speculum.
In the closely allied genus. Campanula, in which Specularia
was formerly included, the anthers shed at an early period their
pollen, and this adheres to the collecting hairs which surround
the pistil beneath the stigma so that without some mechanical
For instance, I covered up
aid the flowers cannot be fertihsed.
a plant of Campanula carpatJtica, and it did not produce a single
;

capsule, whilst the sui-rounding uncovered plants seeded pro-

On the other hand, the present species of Specularia
fusely.
appears to set almost as many capsules when covered up, as
when left to the visits of the Diptera, which, as far as I have
seen, are the only insects that frequent the flowers.* I did not
ascertain whether the naturally crossed and spontaneously selffertilised capsules contained an equal number of seeds, but a
comparison of

artificially

crossed

* It has long been known that
another species of the genus,
Specularia perfoliata, produces

and

self-fertilised

cleistogamic
flowers,

and

flowers.

well as perfect
the former are ot

as

course self-fertile.

;
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showed that the former were probably the most productive.
appears that this plant

is

capable of i)roduciiig a large

It

number

owing to tlie petals closing at night, as
In the act of closing, the margins
of the petals become reflexed, and their inwardly projecting
midribs then pass between the clefts of the stigma, and in doing
so push the pollen from the outside of the pistil on to the

of self-fertilised capsules

well as during cold weather.

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 21 '7 seeds, with a maximum of
Fourteen flowers were crossed with pollen
forty-eight in one.
from another plant, and these produced twelve capsules, containing on an average 80 seeds, with a maximum in one of fiftyseven seeds so that the crossed seeds were to the self-fertilised
from an equal number of capsules as 100 to 72. The former
were also heavier than an equal number of self-fertilised seeds,
Thus, whether we judge by the number
in the ratio of 100 to 86.
of capsules produced from an equal number of flowers, or by the
;

average number of the contained seeds, or the maximum number
in any one capsule, or by their weight, crossing does great good
in

comparison with

self-fertilisation.

The two

lots of seeds

were

Table LXVII.
Speciduria speculum.

No. of Pot.

Tallest Crossed Plant
in each Pot.

Tallost Self-fertilised
Plant in each Pot

Inches.

Inches.

I.

18

II.

17

19

III.

22J

18

IV.

20

23

77-13

75-75

Total in inches.

* Mr. Meelian has lately shown
('Proc. Acad. Nat. Sc. Philadel-

tonia virginica

May 16, 1876, p. 84) that
the closing of the flowers of Clay-

self-fertilisation,

phia,'

feosit«

and lianunculus hxlduring the night causes their
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but the seedlings were
on each side was
The measurements are given in

sides of four pots

Only the

not sufficiently thinned.

;

tallest plant

measured, when fully grown.
the preceding table. In all four pots the crossed plants flowered
first.
When the seedlings were only about an inch and a half in
height both lots were equal.
The four tallest crossed plants averaged 19 "28, and the four
tallest self-fertilised 18 "93 inches in height; or as 100 to 98.
So that there was no difference worth speaking of between the
two lots in height though other great advantages are derived,
as we have seen, from cross-fertilisation. From being grown in
pots and kept in the greenhouse, none of the plants produced
any capsules.
;

Lobelia ramosa.*
Far. Snow-flake.

The well-adapted means by which

cross-fertilisation is en-

sured in this genus have been described by several authors, f
The pistil as it slowly increases in length pushes the pollen
out of the conjoined anthers, by the aid of a ring of bristles the
two lobes of the stigma being at this time closed and incapable
The extrusion of the pollen is also aided by
of fertilisation.
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
;

; and these
by the hive-bees which were incessantly

large lower petal of several flowers of Lobelia erinus

flowers were neglected

visiting the other flowers.

A

capsule was obtained by crossing a flower of L. ramosa

* I have adopted the name
given to this plant in the Gar'

Prof.
deners' Chronicle,' 1866.
T. Dyer, however, informs me
that it probably is a white variety
of L. tenuior of R. Brown, from
W. Australia.
t See the works of Hildebrand
and Delpino. Mr. Farrer also
has given a remarkably clear
description of the mechanism by

which cross-fertilisation is effected
in this genus, in the 'Annals and

Mag.

of Xat. Hist.' vol.

ii. (4th
In the allied
curious
spike
genus Isotoma, the
which projects rectangularly from
the anthers, and which when
sliaken causes the pollen to fall
on the back of an entering insect,

series) 1868, p. 260.

seems to have been developed
from a bristle, like one of those
which spring from the anthers in
some of or all the species of Lobelia, as described by Mr. Farrer.

1
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with pollen from another pLant, and two other capsules from
flowers.
The contained seeds were

artificially self-fertilised

sown on the opposite sides of four pots. Some of tlie 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
;

III.

the self-fertilised were for a time the

When

tallest.

flower the tallest plant on each side of each pot

and the result

is

shown

in full

was measured,
In

in the following table.

all

four

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

Table LXVIII.
Lobelia ramosa (First Generation).

No. of Pot.

Tallest Crossed Plant
in each Pot.

Tallest Self-fertilised
Plant in each Pot.

Inches.

Inches.

22

I.

24

27^

II.

15

III.

IV.
Total in inches.

22

17

89-0

73-5

four tallest crossed plants averaged 22 '25,

The

tallest self-fertilised

18*37 inches in height

;

and the four

or as 100 to 82.

I

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 crossed plants
were in the same condition. Some flowers on the crossed 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 number of
capsules would have yielded seed in the proportion by weight of
100 for the crossed to 60 for the self-fertilised capsules. So that
the flowers on the crossed plants again crossed were much
more fertile than those on the self-fertilised plants a^ain self-

was surprised

to find that the anthers of a

;

;

fertilised.

N

—

1
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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 germination were planted on the opposite sides of two pots a single
pair in a third pot and all the remaining seeds were sown crowded
in a fourth pot. When the seedlings were about one and a half
inches in height, they were equal on both sides of the three first
pots but in Pot IV., in which they grew crowded and were
thus exposed to severe competition, the crossed were about a
third taller than the self-fertilised.
In this latter pot, when
the crossed averaged 5 inches in height, the self-fertilised were
about 4 inches; nor did they look nearly such fine plants.
In all four pots the crossed plants flowered some days before
the self-fertilised. When in full flower the tallest plant on each
but before this time the single crossed
side was measured
plant in Pot III., which was taller than its antagonist, had died
and was not measured. So that only the tallest plant on each
side of three pots was measured, as in the following table
;

;

;

;

:

Table LXIX.
Lobelia ramosa (^Second Generation).

No. of Pot.

Tallest Crossed Plant
in each Pot.

Tallest Self-fertilised
Plant in each Pot.

Inches.

Inches.

L

27

n.

21

IV.

18|

21|

19

70

57

Crowded.
Total in inches.

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 selffertilised plants, and it is unfortunate that they were not
weighed.
;

;

LOBELIA FULGENS.

CuAr. V.

179

Lobelia fulgens.
This species offers a somewhat perplexing case.

In the

first

generation the self-fertilised plants, though few in nnmher,
greatly exceeded the crossed in height; whilst in the second

made on a much larger scale,
the self-fertilised plants. As this species
is generally propagated by off-sets, some seedlings were first
raised, in order to have distinct plants. On one of these plants
several flowers were fertilised with their own pollen and as the

generation,

when

the trial was

the crossed beat

;

mature and shed long before the stigma of the same
flower is ready for fertilisation, it was necessary to number each
flower and 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 distinct individual, and to obtain this the conjoined anthers of
young flowers were roughly squeezed, and as it is naturally
protruded very slowly by the growth of the pistil, it is probable
that the pollen used by me was hardly mature, certainly less
mature than that employed for self-fertilisation. I did not at
the time think of this source of error, but I now suspect that
Anyhow the
the growth of the crossed plants was thus injured.
Opposed to the belief that the
trial was not perfectly fair.
pollen used in crossing was not in so good a state as that used
pollen is

for self-fertilisation, is

the fact that a greater proportional

number

of the crossed than of the self-fertilised flowers

produced cap-

but there was no marked difference in the
contained in the capsules of the two lots.*

amount

sules

;

of seed

As the seeds obtained by the above two methods would not
when left on bare sand, they were sown on the

germinate

but I succeeded in raising only a
same age in each pot. The selffertilised seedlings, when only a few inches in height, were in
most of the pots taller than their opponents and they flowered
opposite sides of four pots

;

single pair of seedlings of the

;

so

much

earlier in all the pots, that the height of the flower-

stems could be fairly compared only in Pots

* Giirtiier

has shown that cer-

tain plants of Lobelia fulgens are

quite sterile with pollen from the
same plant, though this pollen is
eflBcient

I.

and

II.

but none of the plants on which
I experimented, which were kept
in the greenhouse, were in this
peculiar condition.

on any other individual

N 2

I

1
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Table LXX.
Lobelia fulgens {First Generation).

No. of Pot.

Height of Flowerstems on the Crossed

Height of Flowerstems on the Self-fer-

Plants.

tilised Plants.

Inches.

Inches.

I.

33

50

II.

36

38|

21

43

III.

Not

in full flower.

Not

in full flower.

12

IV.

351

The mean lieiglit of the flower-stems of the two crossed plants
I. and II. is here 34 75 inches, and that of the two selffertilised plants in the same pots 44 '25 inches; or as 100 to 127.
The self-fertilised plants in Pots III. and IV. were in eyery
in Pots

•

much finer than the crossed
much surprised at this gi*eat

respect very
I

was

so

plants.

superiority of the self-

fertihsed 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 repotted
without being disturbed in a much larger pot. In the following
year the self-fertilised plant showed even a greater superiority
than before; for the two tallest flower-stems produced by the
one crossed plant were only 29* and 30^ inches in height,

whereas the two tallest stems on the one self-fertihsed plant
were 49| and 49f inches and this gives a ratio of 100 to 167.
Considering all the evidence, there can be no doubt that these
;

self-fertilised plants

had a

gi-eat

superiority over the crossed

plants.

—

Crossed and self-fertilised Plants of the Second Generation.
determined on this occasion to avoid the error of using pollen of
nat 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 crossed plant
in Pot I. in Table LXX. were again crossed with pollen from a
distinct plant.

Several other flowers on the self-fertihsed plant

11

11
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LXXL

Lohelia fulgens {Second Generation).

Crossed Plants.

^0.

01

f Ou

L

Height of Hower-

Self-fertilised Plants.
Height ot t lower*

Btc-ms.

stems.

Inches.

Inches,

27 i8
26
24 i
24

32 i
26 i

34

361

26 f
25^
26

28f
30
32

III.

40
37 i
32

30
28
23

IV.

34
32
29
27

29|
28 i

II.

V.

i

2818
27

25i
24 i

25^
26

26

25|
29

24f
23 i

24

33 i
32
26'
25

441

VII.

30 i
30 i
29 i

27
19|
21

VIII.

39 i
37 i
36
36

23J
25

VI.

IX.

Total ia inches.

37
37
35

23

i
8

25

i

19

s

33 i
25
25 g

19

21i

ISf

1014-00

921-63
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in tlie same pot were again self-fertilised with pollen from the
anthers of other flowers on the same plant. Therefore the degree

of self-fertilisation

was not quite
from the

so close as in the last genera-

kept in paper, was
were thinly sown on opposite
sides of nine pots and the young seedlings were thinned, an
equal number of nearly as possible the same age being left on
the two sides. In the spring of the following year (1870), when
the seedlings had grown to a considerable size, they were
and the twenty-three
measured to the tips of their leaves
crossed plants averaged 14 04 inches in height, whilst the twentythree self-fertilised seedlings were 13 54 inches or as 100 to 96.
In the summer of the same year several 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
tion, in wliich pollen

These two

used.

.same flower,

lots of seeds

;

;

•

•

height

The

;

or as 100 to 96.

;

jDlants 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

an entangled mass, that the separate plants
no longer be distinguished. Accordingly
three or four of the tallest 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-four tallest flower-stems on
the twenty-three crossed plants is 29*82 inches, and that of the
same number of flower-stems on the same number of selffertilised plants is 27 10 inches
or as 100 to 91. So that the
crossed plants now showed a decided advantage over their selfinto such

on each

side could

"

;

fertilised opponents.

XXII.

POLEMONIACE^.—Nemophila

insignis.

Twelve flowers were crossed with pollen from a distinct plant,
but produced only six capsules, containing on an average 18*3
Eighteen flowers were fertilised with their own pollen
seeds.
and produced ten capsules, containing on an average 12*7

1
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seeds

;
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so that the seeds per capsule were as 100 to 09.*

fertilised

The

than an equal number of selfseeds, in the proportion of 100 to 105
but this was

crossed seeds weighed a
clearly

1

little less

;

due

some of the self-fertilised capsules containing veryand these were much bulkier than the others, from
to

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

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
3 inches in height, most of the crossed had a slight advantage
over the

self-fertilised.

The

jDlants

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.

Table LXXII.
Nemophila insignis
No. of ^'ot.

;

0 means that

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

I.

321

21

II.

s^

231

331
22|
29

19

35

33|

101
27

35
38
36
37
321

0
181
20|
34
0

III.

IV.

V.

Total in inches.

399-38

* Several species of Polemoare kno n to be proterandroiis, but I did not attend to
Verlot
this point in Nemophila.

niacese

the plant died.

v

17|

199-00

says
Des Variete's,' 1865, p. 66)
that varieties growing near ono
another spontaneously intercross.

;

NEMOPHILA
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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 11 '1 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
;

two of the self-fertilised died, and as I feared
might happen with others, they were again measured

to their full height,

that this

shown in the preceding table.
The twelve crossed plants now averaged 33 28, and the ten

to the tops of their stems, as

*

fertilised

differed

The

19 9 inches in height, or as 100 to 60
•

somewhat

less

;

self-

so that they

than before.

plants in Pots III. and V. were placed under a net in the

greenhouse, two of the crossed plants in the latter pot being
pulled up on account of the death of two of the self-fertilised
so that altogether six crossed and six self-fertilised plants were
The pots were rather
left to fertilise themselves spontaneously.
The
small, and the plants did not produce many capsules.
small size of the self-fertilised plants will largely account for
the fewness of the capsules which they produced.

The

six crossed

plants bore 105, and the six self-fertihsed only 30 capsules

;

or as

100 to 29.

The

self-fertilised seeds

self-fertilised plants, after

thus obtained from the crossed and
germinating on sand, were planted

Table LXXIII.
NemophiJa

No. of Pot.

insignis.

Self-fertilised Plants

from Crossed Plants.

Inches.
I.

27

14
11.

III.

17|

16

Self-fertilised

Plants.

Incbes.

27|
341
23
32
7
7'

IV.

Plants

from SeU-fenilised

2
5

16
Total in inches.

110-13

147-00
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on the opposite sides of four small pots, and treated as Lefore.
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-

—

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

have

conclusions.

The seven self-fertilised plants from the crossed plants here
average 15 -73, and the seven self-fertilised from the self-fertilised
21 inches in height or as 100 to 133. Strictly analogous experiments with Viola tricolor and Lathy rus odoratus gave a very
;

different result.

XXIII.

BOKAGINACE^.— BoRAGO

officinalis.

This plant is frequented by a greater number of bees than
almost any other one which I have observed. It is strongly
proterandrous (H. Miiller, Befruchtung,' &c., p. 267), and the
flowers can hardly fail to be cross-fertilised but should this
not occur, they are capable of self-fertilisation to a limited
*

;

some pollen long remains within the anthers, and is
on the mature stigma. In the year 1863 I covered
up a plant, and examined thirty- five flowers, of which only
twelve yielded any seeds whereas of thirty-five flowers on an
exposed plant growing close by, all with the exception of two
yielded seeds. The covered-up plant, however, produced alto-

extent, as

apt to

fall

;

the exposed
no doubt, of cross-

gether twenty-five spontaneously self-fertilised seeds
plant producing

fifty -five

seeds, the product,

;

fertilisation.

In the year 1868 eighteen flowers on a protected plant were
crossed \vith pollen from a distinct plant, but only seven of these

produced fruit; and I suspect that I applied pollen to many of
These fruits contained
on an average 2 seeds, with a maximum in one of three seeds.
Twenty-four spontaneously self-fertilised fruits were produced
by the same plant, and these contained on an average 1 2 seeds,
with a maximum of two in one fruit. So that the fruits from
the artificially crossed flowers yielded seeds compared with those
from the spontaneously self-fertiUsed flowers, in the ratio of 100
to 60.
But the self-fertilised seeds, as often occurs when few
are produced, were heavier than the crossed seeds in the ratio of
the stigmas before they were mature.

"

100 to 90.

—

1
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These two lots of seeds were sown on opposite sides of two
but I succeeded in raising only four pairs of equal
When the seedhngs on both sides were about 8 inches
age.
in height they were equal.
When in full flower they were
measured, as follows

large pots

;

:

Table LXXIV.
Borago
No. of Pot,

officinalis.

Crossed Plants.

I.

II.

Total in inches.

Self-fertilised Plants.

Inches.

Inches.

19

21

13|
181
201

26 i

32

82-75

84-75

The average height of the four crossed

plants

that of the four self-fertilised 21 18 inches
•

The

;

is

here 20 68, and
*

or as 100 to 102.

thus exceeded the crossed in height by
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

a

self-fertilised plants

little

;

not attend to the

XXIV.

fertility of

the two

lots.

NOLANACE^.—NoLANA

prostrata.

In some of the flowers the stamens are considerably shorter
I suspected,
than the pistil, in others equal to it in length.
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
The spontaneously self-fertilised flowers yielded 64 grains
trial.
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 then* pollen and were no
doubt intercrossed by them, produced 79 grains weight of seeds
therefore twelve plants thus treated would have yielded 105

1
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Thus the seeds produced by the flowers on an equal
numl)er of plants, when crossed by bees, and spontaneously selffertilised (the product of fourteen artificially crossed flowers
being, however, included in the latter) were in weight as
100 to 61.
In the summer of 1867 the trial was repeated thirty flowers
were crossed with pollen from a distinct plant and produced
twenty-seven capsules, each containing five seeds. Tliirty-two
flowers were fertilised with their own pollen, and produced only
six capsules, each with five seeds.
So that the crossed and selffertilised capsules contained the same number of seeds, though
grains.

;

many more
by the

An

capsules were produced by the cross-fertilised than

self-fertilised flowers, in the ratio of

equal

number

100 to 21.

of seeds of both lots were weighed,

and the
crossed seeds were to the self-fertilised in weight as 100 to 82.
Therefore a cross increases the number of capsules produced and
the weight of the seeds, but not the

number

of seeds in each

capsule.

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

Table LXXV.
Nolana prostrata.
No. of Pot.

Crossed Plants.
Inches.

6|

III.

Total in inches.

The

'

5

10|
18

144

20

221

63-75

67-00

18

crossed plants average 12 '75, and the five
13 '4 inches in height; or as 100 to 105.

five

fertilised

Inches,
4.2

1.

II.

Self-fertilised Plants.

self-

—
;
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VI.

SOLANACEiE, PrIMULACE^, PoLYGONE^, ETC.

Petunia violacea, crossed and
generations
of

tlie

—Effects

self-fertilised plants

compared for four
Uniform colour

of a cross with a fresh stock

—

flowers on the self-fertilised plants of the fourth generation

—Nicotiana

tabacum, crossed and self-fertilised plants of equal
effects of a cross witli a distinct sub- variety on the
height, but not on the fertility, of the offspring Cyclamen per-

height

— Great

—

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

plants of equal height

self-fertilised

— Zea

mays

— Phalaris

canariensis.

XXV. SOLANACEiE.— Petunia
Dingy purple

violacea.

variety.

The flowers of this plant are so seldom visited during the day
by insects in this country, that I have never seen an instance
but my gardener, on whom I can rely, once saw some humblebees at work.

Mr. Meeban 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
left them exposed to the visits of insects, and
about a quarter produced capsules ;t but I am convinced that
a much larger proportion of flowers in my garden are crossfertilised by insects, for protected flowers which had their
own pollen placed on the stigmas never yielded nearly a full
complement of seed whilst those left uncovered produced fine
capsules, showing that pollen from other plants must have been
brought to them, probably by moths. Plants gi-owing vigorously
and flowering in pots in the green-house, never yielded a single
whilst in bud,

;

* ' Proc. Acad. Nat. Sc. of Philadelphia.' Aug. 2nd, 1870, p. 90.
Prof. Hildebrand also informs me
that moths, especially /Sj^/iinx convolvuU, largely haunt the flowers

Germany. So it is, as I hear
from Mr. Boulger, with moths in
England.
f 'Annales des Sc. Nat.' 4th
in

series,

Bot. tom. ix. cha. 5,

—
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;
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be attributed, at least in chief part, to

the exclusion of moths.
Six flowers on a plant covered by a net were crossed with

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-

pollen from a distinct plant

taining only 1*49 grain weight of seed.

that an equal

number of

From

this it follows

crossed and self-fertilised capsules would

have contained seeds by weight as 100 to 67. I should not have
thought the proportional contents of so few capsules worth
giving, had not nearly the same result been confirmed by several
subsequent trials.
Seeds of the two lots were placed on sand, and many of the
self-fertilised seeds germinated before the crossed, and were
rejected.
Several pairs in an equal state of germination were
planted on the opposite sides of Pots I. and II. but only the
tallest plant on each side was measured.
Seeds were also sown
thickly on the two sides of a large pot (III.), 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
were kept in the greenhouse, and the plants were trained up
sticks.
For some time the young crossed plants had no advantage in height over the self-fertilised; but their leaves
were larger. When fully grown and in flower the plants were
measured, as follows
;

;

:

Table LXXVI.
Petunia violacea {First Generation).
No. of Pot.

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

30

20

n.

34|

27|

III.

34
30 i
25

28|

I.

Total in inches.

The

five tallest

154

27
26

130

crossed plants here average 30

tallest self-fertilised

•

8,

26 inches in height, or as 100 to

and the
84.

five

;
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Three capsules were obtained by crossing flowers on the
above crossed plants, and three other capsules by again self-

on the self-fertilised plants. One of the latter
capsules appeared as tine as any one of the crossed capsules
but the other two contained many imperfect seeds. From these

fertilising flowers

two

lots of seeds the plants of the following generation

were

raised.

Crossed

and self-fertilised Plants of the Second Generation.

the last generation,

many

—

As in
of the self-fertilised seeds germinated

before the crossed.

Seeds in an equal state of germination were planted on the
The crossed seedlings soon greatly
exceeded in height the self-fertilised. In Pot I., when the tallest
opposite sides of three pots.

crossed plant was IO2 inches high, the tallest self-fertilised was
only 3^ inches in Pot II. the excess in height of the crossed was
;

The plants were treated as in the last genegrown measured as before.
In Pot III.
both the crossed plants were killed at an early age by some
animal, so that the self-fertilised had no competitors. Nevertheless these two self-fertilised plants were measured, and are included in the following table. The crossed plants flowered long
not quite so great.

ration,

and when

fully

before their self-fertilised opponents in Pots

I.

and

II.,

and before

those growing separately in Pot III.

Table LXXYII.
Petunia violacea {Second Generation^.
No. of Pot.

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

361

8

n.

44|
24

33|
28

in.

0
0

461
28|

162-0

157-5

I.

Total in inches.

The

four crossed plants average 40*5, and the six self-fer-

26 25 inches in height or as 100 to 65. But this great
inequality is in part accidental, owing to some of the selftilised

•

;

CROSSED AND SELF-FERTILISED PLANTS.

CiiAP. VI.

fertilised plants

very

191

being very short, and to one of the crossed being

tall.

Twelve flowers on these crossed plants were again crossed, and
of these, five were poor and six
good; the latter contained by weight 3 "75 grains of seeds.
Twelve flowers on the self-fertilised plants were again fertilised
with their own pollen and produced no less than twelve capsules,
and the six finest of these contained by weight 2 57 grains of
seeds.
It should however be observed that these latter capsules
were produced by the plants in Pot III., which were not exposed
The seeds in the six fine crossed capsules
to any competition.
to those in the six finest self-fertilised capsules were in weight
eleven capsules were produced

;

•

From

as 100 to 68.

these seeds the plants of the next generation

were raised.
Crossed

and

self-fertilised

Plants of the Third Generation.

—The

above seeds were placed on sand, and after germinating were
planted in pairs on the opposite sides of four pots and all the
remaining seeds were thickly sown on the two sides of a fifth large
The result was surprising, for the self-fertilised seedlings
pot.
very early in life beat the crossed, and at one time were nearly
;

At first the case appeared like that of
Mimulus, in which after the third generation a tall and highly
double their height.
self-fertile

But

variety appeared.

as in

the two succeeding

generations the crossed plants resumed their former superiority

over the self-fertilised, the case

The

sole conjecture

which

must be looked at as an anomaly.
form is that the self-fertilised

I can

Table LXXVIII.
Petunia violacea (Third Oeneration
No. of Pot.

Crossed Plants.

;

plants very young).
Self-fertilised Plants.

Inches.

Inches.

1

H

I.

II.

H

III.

4

IV.

1|

Total in inches.

19-63

H
H
36-50

—

1
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seeds had not been sufficiently ripened, and thus produced

weakly plants, which grew

at first at

an abnormally quick

rate,

as occurred with seedlings from not well-ripened self-fertilised

When the crossed plants were between 3 and 4
inches in height, the six finest in four of the pots were measured
to the summits of their stems, and at the same time the six

seeds of Iberis.

finest of the self-fertilised plants.

all

The measurements are given

it may be here seen that
the self-fertilised plants exceed their opponents in height,

in the preceding table

(LXXVIII.), and

whereas when subsequently measured the excess of the selffertilised depended chiefly on the unusual tallness of two of the
plants in Pot II. The crossed plants here average 3*27, and
the self-fertilised 6 08 inches in height or as 100 to 186.
When fully grown they were again measured, as follows
;

"

:

Table LXXIX.
Fetunia violacea (Third Generation
No. of Pot.

;

plants fully grown).

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

41

48

406
39'

36

48

36
21
361

47
80 f
861

III.

62

46

IV.

57

43 f

I.

II.

Total in inches.

431-00

327-75

now averaged 40 96, and the eight self53 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 11. 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 III. 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
The

eight crossed plants

fertilised plants

;

'

•

;
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which
the

all

leaves.

the remaining seeds had been thickly sown, were from
finer plants

first

VXj

At

the period

than the

when

and had larger

sell-fertilised,

the two tallest crossed plants in

inches high, the two tallest self-fertilised
were 6J- and
were only 4 inches. AVhen the two crossed plants were 12 and
10 inches high, the two self-fertilised were only 8 inches. These

this pot

latter 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

The contents

self-fertilised,

but produced only seven capsules.

of each capsule of both lots were placed in separate

watch-glasses,

and the seeds

f]-om the crossed appeared to the

eye to be at least double the

number

of those from the self-

fertilised capsules.

In order to ascertain whether the

fertility of

the self-fertilised

plants had been lessened by the plants having been self-fertilised for the three previous generations, thirty flowers

crossed plants were fertilised with their
yielded only five capsules,

and

their

separate watch-glasses did not seem,

qwn

pollen.

on the
These

seeds being placed in

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 judged from so few
capsules, the self-fertility of the self-fertilised plants had not
decreased in comparison with that of the plants which had
been intercrossed during the three previous generations. It
should, however, be remembered that both lots of plants
had been subjected in each generation to almost exactly similar
conditions.

Seeds from the crossed plants again crossed, and from the selfagain self-fertilised, produced by the plants in Pot I.
(Table LXXIX.), in which the three self-fertilised plants were

fertilised

on an average only a little
the following experiment.

taller

than the crossed, were used in

They were kept separate from two
similar lots of seeds produced by the two plants in Pot IV. in
the same table, in which the crossed plant was much taller than
its self-fertilised

Crossed

and

opponent.
self-fcrtiliscd

Plants of the

Fourth

Generation

O

11

;
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Pot I., Table LXXIX.). Crossed and
from plants of the last generation in Pot I.,
in Table LXXIX., were placed on sand, and after germinating,
were planted in pairs on the opposite sides of four pots. The
seedlings when in full flower were measured to the base of the
The remaining seeds were sown crowded on the two
calyx.
sides of Pot V. and the four tallest plants on each side of this
pot were measured in the same manner.
{raised

from

the Plants in

self-fertilised seeds

;

Table LXXX.
Petunia violacea (^Fourth Qeneration ; raised from Plants of
Third Generation in Pot I,, Table LXXIX.).
No. of Pot.

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

T
1.

30|
341

36
49

III.

31

33 i
37
56

II.

•

IV.

the

f

3ii
38|
38|

46
671

54i

4o
231

51f

34
0

V.

Crowded

olants.

Total in inches.

The

fifteen crossed plants

22 f
24|
241
30

49
46 i
40
53

701-88

453-50

average 46*79, and the fourteen

(one having died) self-fertilised plants 32 39 inches in height or
as 100 to 69. So that the crossed plants in this generation had
•

;

recovered their wonted superiority over the self-fertilised plants
though the parents of the latter in Pot I., Table LXXIX., were a
little taller

than their crossed opponents.

Crossed and

self-fertilised

Plants

of the

Fourth

Generation

1

Chap. VI.
{raised
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LXXIX.).

— Two

from

the

Plants in Pot IV., in Table

similar lots of seeds, obtained from the plants in Pot IV. in

Table LXXIX., in which the single crossed i)lant was at
shorter, but ultimately much taller than its self-fertilised
opponent, were treated in every way like their brethren of the
same generation in the last experiment. We have in the following Table LXXXI. the measurements of the present plants.
Although the crossed plants greatly exceeded in height the selffertilised
yet in three out of the five pots a self-fertilised plant
flowered before any one of the crossed in a fourth pot simultaneously and in a fifth (viz., Pot II.) a crossed plant flowered

first

;

;

;

first.

Table LXXXI.
Petunia violacea {Fourth Generation ; raised from Plants of
Third Generation in Pot IV., Table LXXIX.).
No. of Pot.

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

46
46

301
28

50f
40

311

37

22

L

IL

in.

V.
plants.

Total in inches.

The

thirteen crossed

25

45

22|
26§
32

30
29

28
26

37
63

40

411

17|

581-63

349-38

541

IV.

Crowded

i

the

plants here average 44*74, and the

26*87 inches in height; or as 100
of these plants were much taller,
and
to the self-fertilised parents, than in the last case

thirteen self-fertilised plants
to 60.

The crossed parents

relatively

;

apparently they transmitted some of this superiority to their

o 2

—
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It is unfortunate that I did not turn these

crossed offspring,

plants out of doors, so as to observe their relative fertility, for

I

compared the pollen from some of the crossed and self-fertilised
plants in Pot I., Table LXXXI., and there was a marked difference in

its state

;

that of the crossed plants contained hardly

any bad and empty grains, whilst such abounded in the pollen
of the self-fertilised plants.

The Effects of a Cross with a fresh Stock,— I procured from a
garden in Westerham, whence my plants originally came, a
fresh plant differing in no respect from mine except in the
colour of the flowers, which was a fine purple. But this plant
must have been exposed during at least four generations to very
different conditions from those to which my plants had been
subjected, as these had been grown in pots in the greenEight flowers on the self-fertilised plants in Table
house.

LXXXI.,

of the last or fourth self-fertilised generation, were
with pollen from this fresh stock all eight produced
capsules containing together by weight 5*01 grains of seeds.
The plants raised from these seeds may be called the Westerham-

fertilised

;

crossed.

Eight flowers on the crossed plants of the last or fourth generaLXXXI. were again crossed with pollen from one
of the other crossed plants, and produced five capsules, containing by weight 2*07 grains of seeds. The plants raised from
tion in Table

these seeds

may be

called the intercrossed

;

and these form the

fifth intercrossed generation.

Eight flowers on the
tion in Table

self-fertilised plants of the

LXXXI. were

again

self-fertilised,

same generaand produced

The

seven capsules, containing by weight 2 1 grains of seeds.
•

self-fertilised

plants raised from these seeds form the fifth

self-

These latter plants and the intercrossed
aU respects with the crossed and self-fertilised

fertilised generation.

are comparable in

l^lants of the four i^revious generations.

From

the foregoing data

it is

easy to calculate that,
Gr. WeifjJd
of Seed.

Ten Westerham-crossed capsules would have contained
Ten intercrossed capsules would have contained
Ten self-fertilised capsules would have contained
.

We

thus get the following ratios

:

6 26
"

*

14:

.

-I

.

3 00
•

—
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Seeds from tlio Wcsturham-crosscd capsules to
those from the capsules of the fifth self-ier.as 100 to 48
tilised generation in weight
.

.

Seeds from the Westerham-crossed capsules to
those from the capsules of the fifth intercrossed
as 100 to CO

generation
Seeds from the intercrossed to those from the
self-fertilised capsules

....

as 10.0 to 72

So that a cross with ]wllen from a fresh stock greatly increased
the productiveness of the flowers on plants which had been selffertilised for the four previous generations, 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.

These three

lots of seeds

were placed on sand, and were

planted in an equal state of germination in seven pots, each

made

by three superficial paxtitions. Some of the remaining
seeds, whether or not in a state of germination, were thickly
sown in an eighth pot. The pots were kept in the greenhouse,
and the plants trained up sticks. They were first measured to
the tops of their stems when coming into flower and the twentytwo Westerham-crossed plants then averaged 25 51 inches the

tripartite

;

•

;

twenty-three intercrossed plants 30*38;

23 40 inches in height.

self-fertilised plants

following ratios

and the twenty-three

*

We

The Westerham-crossed

plants in height to the
as 100 to

self-fertilised

The Westerham-crossed plants
intercrossed

The

thus get the

:

.

.

.

91

in height to the
.

.

.as 100

to 119

intercrossed plants in height to the self-

fertilised

.

.

.

.

.

.

.as 100

to

77

Tliese plants were again measured when their growth appeared
on a casual inspection to be complete. But in this I was mistaken, for after cutting them down, I found that the summits"
of the stems of the Westerham-crossed plants were still growing

whilst the intercrossed had almost, and the selfhad quite completed their growth. Therefore I do
not doubt, if the three lots had been left to grow for another
month, that the ratios would have been somewhat different

vigorously;
fertilised

—

—

11
11

111

11
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deduced from the measurements in the following

:

Table LXXXII.
Petunia

No. of Tot.

violacea.

Westerham-crossed
Intercrossed Plants
Plants (from Self(Plants of one and Self-fertilised Plantf
fertilised Plants of
the same Stock
(self-fertilised for
Fourth Generation
intercrossed for
Five Generations).
crossed hy a fresh
Five Generations).
Stock).

I.

II.

Inches.

Inches.

644
24
511

64

57
58 f

48J
54|
581

III.

62
53

62|
IV.

441
49

52f
54 f
61«

46 f
45
194

58i

371
33 §
32 i

VI.

VII.

VIII.

Crowded.
Totxil in inches.

37
61
Q

54f

46^

63|
§

29f
14

49 f

43
12|

0

0

51

37'

38

37

44

1051-25

fi

56
57

59f
43
50|

41
18|8

41 f
26
0

35
34

53
53|

43f
56i
311

411

65 i8

43 i

Inches.

59 7
581
53

59f
V.

1

1190-50

211
141

697-88
1

The twenty-one Westerham-crossed plants now averaged 50 05
inches; the tw-enty-two intercrossed plants, 54-11 inches; and
*

the twenty-one self-fertilised plants, 33*23 inches in height.
thus get the following ratios
;

We
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The Westerham-crossed

plants in height to

199

tlio

as 100 to

aelf-fertilised

The Westerham-crossed plants
intercrossed

The

.

.

.

.

.as 100

to 108

intercrossed plants in height to the self-

fertilised

We

.

G6

in height to the

.

.

.

.

.

.

.as 100

to

Gl

here see that the Westerham-crossed (the offspring of

plants self-fertilised for four generations and then crossed with a
fresh stock) have gained greatly in height, since they were first

measured, relatively to the plants self-fertilised for five generations.
They were then as 100 to 91, and now as 100 to 66 in
height.
The intercrossed plants (i.e., those which had been intercrossed for the last five generations) likewise 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 exceeded in height by the intercrossed and this is a
surprising fact, judging from most of the other strictly analogous
But as the Westerham-crossed plants were still growing
cases.
vigorously, while the intercrossed had almost ceased to grow,
there can hardly be a doubt that if left to grow for another
month they would have beaten the intercrossed in height. That
they were gaining on them is clear, as when measured before they
were as 100 to 119, and now as only 100 to 108 in height.
The
Westerham-crossed plants had also leaves of a darker green, and
looked altogether more vigorous than the intercrossed and what
is much more important, they produced, as we shall presently
So that in fact the offspring
see, much heavier seed-capsules.
from the self-fertilised plants of the fourth generation crossed by
a fresh stock were superior to the intercrossed, as well as to the
self-fertilised plants of the fifth generation
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
32 ounces the twenty-two intercrossed plants, 34 ounces, and the
twenty-one self-fertilised plants 7i ounces. The following ratios
are calculated for an equal number of plants of each kind. But
as the self-fertilised plants were just beginning to wither, their
relative weight is here slightly too small; and as the Westerhamcrossed were still growing vigorously, their relative weight
with time allowed would no doubt have greatly increased.
;

;

—

;

1

200

—

11

PETUNIA YIOLACEA.

The Westerham-crossed plants

Chap. VI.

in weight to
as 100 to

the self-fertilised

The AVesterham-crossed plants

22

in weight to

as 100 to 101

the intercrossed

The

1

intercrossed plants in weight to the selfas 100 to

fertilised

22-3

We here

see, judging by weight instead of as before by height,
Westerham-crossed and the intercrossed have an
The Westerhamimmense advantage over the self-fertilised.
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

that

the

;

latter.

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

:

Table LXXXIII.
Petunia violacea

(jjlants

Westerham-crossed
Plants (from Selffertilised Plants of the

Fourth Generation
cross> d by a fresh

growing

in

Intercrossed Plants
(Plants of one and ihe

same Stock

inter-

tlie

open ground).

Self-fertilisfd

Plants

(Silf-fertilised

l..r

crossed for Five
Generations).

Five Generations).

Inches.

Inches.

Inches.

34-1

38
36
39
37
36

27 i
23
25

Stock).

36
35
32
37
36 1
402
371
38
38 f

366-75

•

41

371
40
411
36

382-75

22 i
23 i
21 i
23

21i
21f

233-13

—
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The ten Wcsterham-crossed plants here average 30 "07 inches
tlie ten intercrossed plants, 38 '27 inches
and the ten

in heiglit

;

;

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
self-fertilised,

;

;

:

The Westerham-crossed plants

in height to the

self-fertilised

The Westerham-crossed plants in weight
self-fertilised

......

The Westerham-crossed
intercrossed

The Westerham-crossed
intercrossed

The

.

as 100 to

63

as 100 to

53

to the

plants in height to the
as 100 to 104

plants in weight to the
.

.

.

.as

.

100 to 14G

intercrossed plants in heiglit to the self-

fertilised

The intercrossed plants

as 100 to

61

as 100 to

36

in weight to the self-

fertilised

Here the relative heights of the three

lots are nearly the

same

(within three or four per cent.) as with the plants in the pots.

In weight there

is

a

crossed exceed the
l)efore;

but the

slightly

withered, as

unfairly light.

much

greater difference

self-fertilised

self-fertilised

by much

:

the

less

Westerham-

than they did

plants in the pots had become

and were in consequence
The Westerham-crossed plants are here inferior
before

stated,

much higher degree
than in the pots and this appeared due to their being much
less branched, owing to their having germinated in greater
numbers and consequently being much crowded. Their leaves
were of a brighter green than those of the intercrossed and
in weight to the intercrossed plants in a
;

self-fertilised plants.
Ixelative Fertility of the Tliree Lots of Plants.

— None of the plants

greenhouse ever produced a capsule and this may
be attributed in chief part to the exclusion of moths. Therefore the fertility of the three lots could be judged of only by that
of the plants growing out of doors, which from being left
The plants in the
uncovered were probably cross-fertilised.
three rows were exactly of the same age and had been subjected
in pots in the

;

to closely similar conditions, so that
tility

must be attributed

any difference

to their different origin

;

in their fer-

namely, to the

•
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being derived from plants self-fertilised for four genercaand 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 selfAll the capsules, some nearly
fertilised for five generations.
mature and some only half-grown, were gathered, counted, and
weighed from the ten finest plants in each of the three rows, of
which the measurements and weights have already been given.
The intercrossed plants, as we have seen, were taller and considerably heavier than the plants of the other two lots, and they
produced a greater number of capsules than did even the
Westerham-crossed plants and this may be attributed to the
latter having grown more crowded and being in consequence less

one

lot

tions

;

;

;

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 seeds. 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 rijDe
and unripe capsules, weighing 121 2 grains. Therefore 100 of
such capsules would have weighed 109 18 grains.
The ten tallest intercrossed plants produced 129 capsules,
weighing 76*45 grains. Therefore 100 of these capsules would
have weighed 59 26 gi-ains.
The ten tallest self--fertilised plants produced only 44 capsules,
weighing 22 35 grains. Therefore 100 of these capsules would
have weighed 50 79 grains.
;

•

•

•

•

*

From

these data

the three

number

lots,

we

get the following ratios for the fertility of

as deduced from the relative weights of an equal

of capsules

from the

"Westerham-crossed

plants

finest plants in

to

each

lot

:

—

self-fertilised

as 100 to 46

plants

Westerham-crossed plants to intercrossed plants

as 100 to 54

Intercrossed plants to self-fertilised plants

as 100 to 86

.

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

either intercrossed or self-fertilised for five generations; the

COLOUR OF THE FLOWERS.
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these j)lants having been left to be freely crossed

The Westerham-crossed
and heavier plants tlian the selfthe pots and open ground but they were less

insects or to fertilise themselves.

plants were also nniich taller
fertilised,

both in

;

and heavy than the intercrossed plants.
This latter result,
however, would almost certainly have been reversed, if the
plants had been allowed to grow for another month, as the
Westerham-crossed were still growing vigorously, whilst the
intercrossed had almost ceased to grow. This case reminds us of
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
tall

number

of seeds.

—

Colour of the Flowers on the uhove Three Lots of Plants. The
original mother-plant, from which the five successive self-fertilised
flow^ers.
At no time
and the plants w^re subjected in
each generation to extremely uniform conditions. The result
was, as in some previous cases, that the flowers on all the selffertilised plants, both in the pots and open ground, were

generations were raised, bore dingy purple

was any

selection

practised,

absolutely uniform in tint;

this being a dull, rather peculiar
This uniformity was very striking in the long row
of plants growing in the open ground, and these first attracted
my attention. I did not notice in which generation the original
colour began to change and to become uniform, but I have every
reason to believe that the change was gradual. The flowers on
the intercrossed plants were mostly of the same tint, but not
nearly so uniform as those on the self-fertilised plants, and many of
them were pale, approaching almost to white. The flowers on the
plants from the cross with the purple-flowered Westerham stock
were, as might have been expected, much more purple and not
nearly so uniform in tint. The self-fertilised plants were also
remarkably uniform in height, as judged by the eye; the interflesh colour.

crossed less so, whilst the Westerham-crossed plants varied

much

in height.

NiCOTIANA TABAOUM.

Out of six trials with crossed
belonging to three successive generations, in one alone did the crossed show any marked superiority
in height over the self-fertilised in four of the trials they were
This plant

and

ofi'ers

a curious case.

self-fertilised plants,

;
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approximately equal
and in one (i.e., in the first generation)
the self-fertilised plants were greatly superior to the crossed.
In no case did the capsules from flowers fertilised ^Yith pollen
;

from a distinct plant yield many more, and sometimes they yielded
fewer seeds than the capsules from self-fertilised flowers.
But when the flowers of one variety were crossed with pollen
from a slightly different variety, which had grown under
somewhat diflerent 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. The seeds in the ten crossed
capsules weighed 31 "7 grains, whilst those in ten of the selffertilised capsules weighed 47 67 grains
or as 100 to 150. The
much greater productiveness of the self-fertilised than of the

much

—

—

•

;

crossed capsules can hardly be attributed to chance, as

all

the

capsules of both lots were very fine and healthy ones.

The seeds were placed on sand, and

several pairs in an equal
were planted on the opposite sides of three
pots.
The remaining seeds were thickly sown on the two sides
of Pot IV., so that the plants in this pot were much crowded.
The tallest plant on each side of each pot was measured. Whilst
the plants were quite young the four tallest crossed plants
averaged 7 "87 inches, and the four tallest self-fertilised 14 '87
inches in height or as 100 to 189. The heights at this age are
given in the two left-hand 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
or as 100 to 178.
self-fertilised plants 32 75 inches in height
In all four pots a self-fertilised plant flowered before any one of
state of germination

;

•

•

;

the crossed.

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

two

;

;
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Table LXXXIV.
Nicotiana tahucum (First (Jencraiiov).

May
No. of Pot.

December

20, 1868.

Crossed

Self-fertilised

6,

1

868.

Crossed

Self-fertilised

I'lants.

Plants.

Inches.

Inches.

40

44

I

I'lants.

Inches.

1

Plants.

\

Indies.

I.

2G

JI.

15

4:5
i

III.

8

IV.

5

5

IG

:«

111

11

Crowded.
Total \n\
inches./

CO

59-5

74-0

l.'U-O

growth taller than the crossed in all the pots except
crowded one. Accordingly another trial was made, and
some of the same crossed and self-fertilisecl seeds 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
pot, the tallest crossed plant was shorter by 3 5 inches than the
tallest self-fertilised plant, which was 22 inches in height.
As the plants did not grow to their proper height in the above
small pots in Table LXXXIV., four crossed and four self-fertilised
plants were raised from the same seed, and were planted in pairs
on the opposite sides of four very large pots containing rich soil
so that they were not exposed to at all severe mutual competition.
When these plants were in flower I neglected to measure them,
but record in ,my notes that all four self- fertilised plants exceeded in height the four crossed plants by 2 or 3 inches. AVe
have seen that the flowers on the original or parent-plants which
were crossed with pollen from a distinct plant jielelcd much fewer
seeds than those fertilised with their own pollen; and the trial
just given, as well as that in Table LXXXIV., show us clearly
their

in the

;

;

1

;
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that the plants raised from the crossed seeds were inferior in
height to those from the self-fertiUsed seeds but only when not
;

greatly croY/ded.

When crowded and thus subjected to very severe

competition, the crossed and self-fertilised plants were nearly

equal in height.

—

Crossed and self-fertilised Plants of the Second Generation.
Twelve flowers on the crossed plants of the last generation
growing in the four large pots just mentioned, were crossed with
pollen from a crossed plant growing in one of the other pots
and twelve flowers on the self-fertilised plants were fertilised

with their own pollen.

duced

Ten

fine capsules.

All these flowers of both lots proof the crossed capsules contained

by

weight 38*92 grains of seeds, and ten of the self-fertilised
capsules 37 74 grains or as 100 to 97. Some of these seeds in
an equal state of germination were planted in pairs on the
opposite sides of five large pots. A good many of the crossed
seeds germinated before the self-fertilised, and were of course
The plants thus raised were measured when several
rejected.
of them were in full flower.
•

;

Table LXXXV.
Nicotiana tahucum (^Second Generation).
No. of

Pot.

Crossed Plants.
Inches.

9

161

10

50|
87

If
IV.

(A)

811 (B)
19

31

Total in inches.

f

56

60|
44 f

III.

V.

Inches.

27

I.

II.

Self-fertilised Plants.

69|

431
4

99|
29

3

511-63

413-75
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The

self- fertilised

But

to 81.
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crossed plants here average 39 "35, and the
plants 31 '82 inches in height; or as 100

tliirtcen

thirteen

1

it

would be a very much fairer plan to exclude all
and under in height and

the starved plants of only 10 inches

;

in this case the nine remaining crossed plants average 53*84,

and the seven remaining self-fertilised plants 51*78 inches in
height, or as 100 to 96 and this dilierence is so small that the
crossed 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

competition; and

now

crossed in height by a

and the three
Crossed and

the self-fertilised plants exceeded the

little,

self-fertilised
self-fertilised

wished to ascertain,

firstly,

averaged 55 '91,
59 16 inches or as 100 to 106.
Plants of the Third Generation. As I
for the three crossed
*

;

—

whether those

self-fertilised plants of

the last generation, which greatly exceeded in height their crossed

opponents, would transmit the same tendency to their offspring,

and secondly, whether they possessed the same sexual constitution, I selected for experiment the two self-fertilised plants
marked A and B in Pot III. in Table LXXXV., as these two

Table LXXXVI.
Nicotiana tabacum (Third Generation).
Seedlings from the Self-fertilised Plant

Table

LXXXV.,

A

From

From
No. of Pot.

in

Pot

Self-fertilised

Plant, crossed by a
Crossed Plant.

Self-fertilised
self-ferti-

Plant again
lised,

Third

forming the
Self-fertilised

Generation.
Inches.
I.

II.

III.

IV.

Total in inches.

III..,

of the last or Second Generation.

Inches.

100
91

98
79

llOf
100|

59^

104

79f

84
76|

666-75

66

110|
64 J

557-25

^

1
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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 one 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 selffertilised. The seeds from the crossed and self-fertilised capsules
of the above two plants were placed in reparate watch-glasses and
compared, but were not weighed; and in both cases those from
the crossed capsules seemed to be rather less numerous than
those from the self-fertilised capsules. These seeds were planted
in the usual manner, and the heights of the crossed and selffertilised seedlings, when fully grown, are given in the preceding
and following table, LXXXVI. and LXXXVII.
The seven crossed plants in the first of these two tables average
95*25, and the seven self-fertilised 79 '6 inches in height; or as
100 to 83. In half the pots a crossed plant, and in the other
half a self-fertilised plant flowered

We now

come

first.

to the seedlings raised

from the other parent-

plant B.

Table LXXXVII.
Nicotia7ia tahacum {jridrd Generation').

B in Pot III.,
Second Generation.

Seedlings from the Self-fertilised Plant

Table

LXXX V., of the

last or

From
From
No. of Pot.

lised,
I

1

Inches.
1.

87

Self-fertilisf-d

Plant again self-ferti-

Self- fertilised

Plant, crossed by a
Crossed Plant.

Third

forming the
Self-frrtilised

Generation.
Inches.

i

49

i^i

98
0

73
110|

IK.

99

106 §

IV.

97

II.

V.

i

48 f
0

Total in inches.

495 50
•

48 f
811
611

641-75
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The seven crossed plants (for two of them died) here average
70 '78 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,
a self-fertilised plant flowered before any one of the crossed
plants.
So that, differently from the last case, the self-fertilised
;

plants are in some respects slightly superior to the crossed.
If

we now

consider the crossed and self-fertilised plants of the

we

an extraordinary diversity in their
generation, the crossed plants were
inferior to the self-fertilised as 100 to 178 and the flowers on
the original parent-plants which were crossed with iDollen from a
distinct plant yielded much fewer seeds than the self-fertilised
three generations,

relative heights.

find

In the

first

;

But it is a strange fact
which were subjected to very severe
competition with the crossed, had on two occasions no advan-

flowers, in the proportion of 100 to 150.

that the self-fertilised plants,

tage over them.

The

inferiority of the crossed plants of this first

generation cannot be attributed to the immaturity of the seeds,

examined them nor to the seeds being diseased
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 difi'cred remarkably in constitution the crossed in the

for I carefully

or in any

;

way injured

;

one case exceeded the self-fertilised in height in the ratio of 100
to 83, and in the other case were almost equal.
This difference
between the two lots, raised at the same time from two plants
growing in the same pot, and treated in every respect alike, as
well as the extraordinary superiority of the self-fertilised over
the crossed plants in the first generation, considered together,
make me believe that some individuals of the present species
differ to a certain extent from others in their sexual affinities (to
use the term employed by Gartner), like closely allied species of
the same genus. Consequently if two plants which thus differ
are crossed, the seedlings suffer and are beaten by those from
the self-fertilised flowers, in which the sexual elements are of
the same nature. It is known* that with our domestic animals

havo given evidence on
head in my 'Variation of
Auiuials and Plants under Do* I

this

mestication,' chap, xviii.
vol. ii. p. 146.

F

2nd

edit,
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are sexually incompatible, and will not
produce offspring, although fertile with other individuals. But
Kolreuter has recorded a case * which bears more closely on our
present one, as it shows that in the genus Nicotiana the varieties
He experimented on live
differ in their sexual aflfinities.
varieties of the common tobacco, and proved that they were
varieties by showing that they were perfectly fertile when reciprocally crossed but one of these varieties, if used either as
the father or the mother, was more fertile than any of the others
when crossed with a widely distinct species, N. glufinosa. As the
different varieties thus differ in their sexual affinities, there is
nothing surprising in the individuals of the same variety differing in a Uke manner to a slight degree.
Taking the plants of the three generations altogether, the
crossed show no superiority over the self-fertilised, and I can
account for this fact only by supposing that with this species,
which is perfectly self-fertile without insect aid, most of the indi-

certain individuals

;

viduals are in the same condition, as those of the same variety

common pea and of a few other exotic plants, which
have been self-fertihsed for many generations. In such cases a
cross between two individuals does no good nor does it in any

of the

;

case, unless the individuals differ in general constitution, either

from so-called spontaneous variation, or from their progenitors
having been subjected to different conditions. I believe that
this is the true explanation in the present instance, because, as

we

immediately see, the offspring of plants, which did not
by being crossed with a plant of the same stock,
profited to an extraordinary degree by a cross with a slightly
shall

profit at all

different sub-variety.

—

I procured some seed
some plants, which formed
a slightly different sub- variety from my former jDlants as the
flowers were a shade pinker, the leaves a little more pointed, and

The Effects of a Cross with a fresh

of N. tahacum from

Kew and

Stock.

raised

;

the plants not quite so

tall.

Therefore the advantage in Jieight
this cross cannot be attributed to

which the seedlings gained by
direct inheritance.

Two

of the plants of the third self-fertilised

and V. in Table LXXXVII.,
which exceeded in height their crossed oi")ponents (as did their
parents in a still higher degree) were fertilised with pollen
from the Kew plants, that is, by a fresh stock. The seedlings

generation, growing in Pots II.

*

'

Das Geschlecht der

Pllanzen, Zweite Fortsetzung,' 1764, p. 55-60.
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thus raised may be called the Kcw-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
The crossed capsules produced by the plant in
generation.
Pot II., Table LXXXVII., were plainly less fine than the selfIn Pot V. the one finest
fertilised capsules on the same plant.
capsule was also a self-fertilised one; but the seeds produced
by the two crossed capsules together exceeded in number those

produced by the two

capsules on the same plant.

self-fertilised

Therefore as far as the flowers on the parent-plants are concerned, a cross with pollen from a fresh stock did little or no

good

;

and

I did not expect that the offspricg

would have

re-

ceived any benefit, but in this I was completely mistaken.

The crossed and

self-fertilised seeds

placed on bare sand, and very
sets

germinated before the

many

from the two plants were

of the crossed seeds of both

and protruded
Hence many of the crossed

self-fertilised seeds,

their radicles at a quicker rate.

seeds had to be rejected, before pairs in an equal state of germina-

were obtained for planting on the opposite sides of sixteen
The two series of seedlings raised from the parentplants in the two Pots II. and V. were kept separate, and when
fully grown were measured to the tips of their highest leaves, as
shown in the following double table. But as there was no uniform
difference in height between the crossed and self-fertilised seedlings raised from the two plants, their heights have been added
together in calculating the averages. I should state that by the
accidental fall of a large bush in the greenhouse, several plants
These were at once
in both the series were much injured.
measured together with their opponents and afterwards thrown
away. The others were left to grow to their full height, and
were measured when in flower. This accident accounts for the
small height of some of the pairs but as all the pairs, whether
only partly or fully grown, were measured at the same time, the
measurements are fair.
The average height of the twenty-six crossed plants in the sixteen pots of the two series is 63 "29, and that of the twentyThe
six self-fertilised plants is 41 67 inches or as 100 to 66.
superiority of the crossed plants was shown in another way.
for in every one of the sixteen pots a crossed plant flowered
before a self-fertilised one, with the exception of Pot VI. of the
second series, in which the plants on the two sides flowered

tion

large pots.

;

•

;

simultaneously.

P 2
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Table

Nicotiana tdbacum.
Plants raised from two Plants of the Ttdrd Self-fertilised
Generation in Pots II. and F., in Table
VII.

LXXX

From Pot

II.,

Table

LXXXVII.

From Pot

V., Table

LXXXVII.

Plants of the

1

Fourth

NO. of Pot.

fertilised

Self-

Gen-

Plants of the

No. of Pot.

Kew-crossed

Fourth

Plants.

fertilis<-d

eration.

Inches.

Inches.
I.

31

51

121

771
77|

IV.

491
151

32

Y.

89
17

85
K 3
^8

VI.

90

80

VII.

84^
76|

48 i
56

VIII.

83|

in)

636-13

902-63

Gen-

Inches.

56
51

55
18

27

761

60 i

90|
22|

llf
4^

V.

94

281

VI.

78

781

VII.

85

VIII.

65

781

721

27

II.

III.

TV

inches./

77i'

71

70

III.

Total

1.

5

781
48

II.

Inchfs

68|

84f

Self-

eration.

Total

in|
inches./

7

i

743-13

61|

447-38

Some of the remaining seeds of both series, whether or not in
a state of germination, were thickly sown on the opposite sides
of two very large pots and the six highest plants on each side
;

had grown to nearly their
But their heights were much less than in the
former trials, owing to their extremely crowded condition. Even
whilst quite young, the crossed seedlings manifestly had much
broader and finer leaves than the self-fertihsed seedlings.
of each pot were measured after they

full height.

1

Chap.
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Table LXXXIX.
Nicotiana tabacum.

Plants of the same pcuventage as those in Table LXXXVIII.,
but grown extremely crowded in two large pots.
From Pot

II.,

Kew-crossed
Plants.

Plants of the

Fourth

Plants of the

Plants.

Fourth Self-fertilised Generation.

Inches.

Inches.

44
42*
27

21
18

16

31i
32
24

151
13|
lAi

202-75

101-50

175-63

LXXXVII.

22|
19i
i^i
13
16

18i

Pot V.. Table

Kew-crossed

Inches.

g«

The twelve

Self-fi-rti-

lised Generation.

Inches.

42
34
30
23
26

From

LXXXVII.

Table

22^

105-13

plants in the two pots belonging to

tallest crossed

the two series average here 31 53, and the twelve tallest self-fertior as 100 to 54. The plants
lised plants 17 21 inches in height
•

;

on both sides, when fully grown, some time after they had been
measured, were cut down close to the ground and weighed.
The twelve crossed plants weighed 21 "25 ounces; and the
twelve self-fertilised plants only 7*83 ounces; or in weight as
100 to 37.
The rest of the crossed and self- fertilised seeds from the two
parent-plants (the same as in the last experiment) was sown on
the 1st of July in four long parallel and separate rows in good soil
in the open ground so that the seedlings were not subjected to
any mutual competition. The summer was wet and unfavourable
Whilst the seedlings were very small the two
for their growth.
crossed rows had a clear advantage over the two self-fertilised
rows. When fully grown the twenty tallest crossed plants and
the twenty tallest self-fertilised plants were selected and measured on the 11th of November to the extremities of their leaves,
as shown in the following table (XC).
Of the twenty crossed
whilst of the twenty self-fertilised
plants, twelve had flowered
plants, one alone had flowered.
;

;

1

1

1

1
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Table XC.
Nicotiana tdbacum.
Plants raised from the same seeds as in the

last

two experiments,

hut sown separately in the open ground, so as not

to

compete

together.

From

Pot

II.,

Kew-crossed
Plants,

Inches.

Table

LXXXVII.

From Pot

Plants of the

Kew-crossed

Fourth

Self-fertilised Generation.

Plants.

Inches.

Inches,

22f

54
39 f
53 f
49 i
501

37

47^
571

25
26

44

37

22|
28

55
63

478-75

LXXXVII.

Plants of the

Fourth

Self-ferti-

lised Generation.

42

48

V., Table

Inches.

54|
38|
40 f
43
40
38|
35 i
39
47 f
581

45
43
43
481

34|
30
28f
31

48

496-13

286-86

417-25

The twenty tallest crossed plants here average 48*74, and the
twenty tallest self-fertilised 35 2 inches in height or as 100 to
These plants after being measured were cut down close to
72.
the ground, and the twenty crossed plants weighed 195*75
ounces, and the twenty self-fertilised plants 123 25 ounces or
as 100 to 63.
In the three preceding tables, LXXXVIII., LXXXIX., and
XC, we have the measurements of fifty-six plants derived from
two plants of the third self-fertilised generation crossed with
pollen from a fresh stock, and of fifty-six plants of the fourth selffertilised generation derived from the same two plants.
These
crossed and self-fertilised plants were treated in three different
ways, having been put, firstly, into moderately close competition
with one another in pots secondly, having been subjected to
unfavourable 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 to
In all these cases the
suffer from any mutual competition.
crossed plants in each lot were greatly superior to the self•

;

*

;

;

;
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—

Tliis was shown in several ways,
by the earlier
germination of the crossed seeds, by the more rapid growtli of
the seedliDgs 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

fertilised.

the
still more plainly when the two lots were weighed
weight of the crossed plants to that of the self-fertilised in the
two crowded pots being as 100 to 37. Better evidence could
hardly be desired of the immense advantage derived from a
cross with afresh stock.

fihown

;

XXVI. PEIMULACE^.— Cyclamen
flowers crossed with pollen

Ten
distinct

seedlings,

yielded

average 34 2 seeds, with a
•

Ten

nine

peksicum.*

from plants known to be
containing on an

capsules,

maximum

of seventy-seven in one.

flowers self-fertilised yielded eight capsules, containing on

1 seeds, with a maximum of twenty-five in one.
This gives a ratio of 100 to 38 for the average number of seeds
per capsule for the crossed and self-fertilised flowers.
The
flowers hang downwards, and as the stigmas stand close beneath
the anthers, it might have been expected that pollen would,
have fallen on them, and that they would have been spontaneously
but these covered-up plants did not produce a
self- fertilised
On some other occasions uncovered plants in
single capsule.
the same greenhouse produced plenty of capsules, and I suppose
that the flowers had been visited by bees, which could hardly

an average only 13

•

;

fail

to carry pollen

from plant to plant.

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

The

seeds obtained in the

—

;

* Cyclamen repandum, according to Lt'coq (' Go'ofrriiphie Botanipue de I'Europe,' toiu. viii. 1858,

proterandrous, and this
I believe to be the case with C.

p. 150), is

persicum.

;
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After a considerable interval of time the
and several of their flower-stems

self-fertilised plants flowered,

(but I forgot to record how many) were roughly measured, and
their average height was a little under 7 5 inches so that the
flower-stems on the crossed plants to those on the self-fertilised
•

were at least as 100 to

79.

;

The reason why

I did not

make

measurements of the self-fertilised jDlants was, that
they looked such poor specimens that I 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

more

careful

;

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 produced only five or as 100 to 12.
But this difference does not give a just idea of the relative
fertility of the two lots. I counted the seeds in one of the finest
capsules on the crossed plants, and it contained seventy-three
whilst the finest of the five capsules produced by the selffertilised plants contained only thirty-five good seeds.
In the
other four capsules most of the seeds were barely half as large
;

;

as those in the crossed capsules.

Table XCI.
Cydcimen persicum

:

0 implies

No. of Pot.

I.

that

no flower-stem was produced.

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

10

91
lOi
II.

n

0
0
0

9^
9i

8
61

10
lOi
III.

0
0
0

H

IV.

Total in inches.

111
10|
log

119-88

0'

S

0

29-50
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In the following year the crossed plants again bore

many

The

three

flowers before the self-fertilised bore a single one.
tallest

flower-stems on the crossed plants in each of the pots

were measured, as shown in Table XCI. In Pots I. and II. the
in
self-fertilised plants did not produce a single flower-stem
Pot IV. only one and in Pot III. 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 selffertilised 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 colUna, var. grand/flora (pale red and hlue-flowered
sub-varieties).

Firstly, twenty-five flowers on some plants of the red variety
were crossed with pollen from a distinct plant of the same
variety, and produced ten capsules; thirty-one flowers were
fertilised with their own pollen, and produced eighteen capsules.
These plants, which were grown in pots in the greenhouse, were
evidently in a very sterile condition, and the seeds in both
sets of capsules, especially in the self-fertilised, although
numerous, were of so poor a quality that it was very difficult
to determine which were good and which bad.
But as far as I
could judge, the crossed capsules contained on an average 6*3
good seeds, with a maximum in one of thirteen; whilst the
self- fertilised contained 6 05 such seeds, with a maximum in
one of fourteen.
Secondly, eleven flowers on the red variety were castrated
whilst young and fertilised with pollen from the blue variety,
and this 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 yielded seeds compared with those in the
foregoing self-fertilised capsules, as 100 to 48. These seeds were
also conspicuously larger than those from the cross between two
individuals of the same red variety, and germinated much more
freely. The flowers on most of the plants produced by the cross
between the two-coloured varieties (of which several were raised).
'

;

•

;

—

1
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took after their mother, and were red-coloured.

But on two of

the plants the flowers were plainly stained with blue, and to
such a degree in one case as <to be almost intermediate in tint.

two foregoing kinds and the selfwere sown on the opposite sides of two large pots, and
the seedlings were measured when fully grown, as shown in the
two following tables
Tlie crossed seeds of the

fertilised

:

Table XCII.
Anagallifi colliva.

Red Variety crossed by a distinct Plant of the Red Variety,
and Red Variety Self-fertilised.
No. of Pot.

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

23|

I.

15|

21

Total in inches.

Red Variety

ore ssed

171

14

61-75

45-00

by Blue

Variety, and

Red Variety

Self-fertilised.

No. of Pot.

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

24|

30

II.

27i

Total in inches.

Total of both

lots.

25

Hi

82-88

54 '75

144-63

99-75

may be
but I may first state that
the height of the seedlings from the cross between two individuals
of the red variety is to that of the self-fertilised plants of the red
whereas the height of the crossed offspring
variety as 100 to 73
As

the plants of the two lots are few in number, they

run together

for the general average

;

;

from the two varieties to the self-fertilised plants of the red
So that the cross between the two
variety is as 100 to 66.
varieties is here seen to be the most advantageous. The average
weight of all six crossed plants in the two lots taken together is
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self-fertilised plants

SS'2o

;

or as 100

to 69.

These six crossed plants produced spontaneously twenty-six
capsules, whilst the six self-fertilised plants produced only two,

There is therefore the same extraordinary
between the crossed and self-fertilised
the last genus, Cyclamen, which belongs to the same

100 to

or as

difference

in

plants as in

8.

fertility

family of the Primulacese.

Primula veris.
(

Brit. Flora.

Var. officinalis, Linn.).

The Cowslip.

Most of the species in this genus are heterostyled or
dimorphic that is, they present two forms,— one long-styled
;

with short stamens, and the other short-styled with long
stamens.*
For complete fertilisation it is necessary that
pollen from the one form should be applied to the stigma
of the other form and this is effected under nature by insects.
;

Such unions, and

the seedlings raised from them, I have

If one form is fertilised with pollen
from the same form, the full complement of seed is not produced and in the case of some heterostyled genera no seed at
Such unions, and the seedlings raised from
all is produced.
them, I have called illegitimate. These seedlings are often
dwarfed and more or less sterile, like hybrids. I 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
called

legitimate.

;

;

As long as they were
grew well and were healthy and

conditions in pots in the greenhouse.
cultivated in this manner, they

Their fertility even increased in the later generations,
they were becoming habituated to illegitimate fertilisation.
Plants of the first illegitimate generation when taken from the
greenhouse and planted in moderately good soil owi of doors
grew well and were healthy but when those of the two last
fertile.

as

if

;

generations were thus treated they became excessively sterile and dwarfed, and remained so during the following

illegitimate

* See

my

work,

'

The

Different

Forms of Flowers on Plants of
the same Species,' 1877, or my

papers in

'

Journal of Proc. Linn.

See.' vol. vi. 1862,
x. 1867, p. 393.

\).

17,

and

vol.
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by which time they ought to have become accustomed to
growing out of doors, so that they must have possessed a weak

year,

constitution.

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

(i.e.,

great-great-grandchildren of plants

which had been legitimately fertihsed), growing vigorously in pots
in the greenhouse, were legitimately fertilised with pollen from
an almost wild short-styled cowslip, and these flowers yielded
some fine capsules. Thirty other flowers on the same illegitimate plants were fertilised with their own pollen, and these
yielded seventeen capsules, containing on an average thirty-two
seeds.

This

is

a high degree of

fertility

higher, I believe, than

;

that which generally obtains with illegitimately fertilised long-

and higher than that of the
previous illegitimate generations, although their flowers were
styled plants growing out of doors,

fertilised

with pollen taken from a distinct plant of the same

form.

These two
well

lots of seeds

when placed on

were sown

(for they will not

germinate

bare sand) on the opposite sides of four

and the seedlings were thinned, so that an equal number
on the two sides. For some time there was no marked
and in Pot III., Table
difference in height between the two lots
XCIII., the self-fertilised plants were rather the tallest. But by
the time that they had thrown up young flower-stems, the
legitimately crossed plants appeared much the finest, and had
greener and larger leaves. The breadth of the largest leaf on
each plant was measured, and those on the crossed plants were
on an average a quarter of an inch (exactly "28 of an inch)
broader than those on the self-fertilised plants.
The plants,
from being too much crowded, produced poor and short flowerstems.
The two finest on each side w^ere measured the eight
on the legitimately crossed plants averaged 4 08, and the eight on
pots,

were

left

;

;

•

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
flower-stems on each side were again measured, as shown in the
iwts,
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following table, which likewise gives the

produced on both sides of

all
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number

of flower-stems

the pots.

Table XCIII.
Primula

veris.

Illegitimately self-fertilised
Plants.

Legitimately crossed Plants'

No, of Pot.

Height in
inches.

No. of Flower*
stems pro-

Height in
inches.

duced.

16

I.

stenis pro-

duced.

3

16

7

11.

No. of Klower-

6

3

6^
16

6

III.

4

t

1

U

IV.

56-26

Total.

62

2i
2|

25-75

5

15

The average height

of the eight tallest flower-stems on the
here 7 03 inches, and that of the eight tallest
flower-stems on the self-fertilised plants 3*21 inches; or as
100 to 46. We see, 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 w^ere

crossed plants

is

*

exposed to the visits of insects, and as many plants of
both forms grew close by, they must have been legitimately
Under these circumstances the
and naturally fertilised.
crossed plants produced 324 capsules, whilst the self-fertilised
produced only 16 and these were all produced by a single
plant in Pot II., which was much finer than any other selfJudging by the number of capsules produced,
fertilised plant.
the fertility of an equal number of crossed and self-fertilised
plants was as 100 to 5.
In the succeeding year (1871) I did not count all the flowerstems on these plants, but only those which produced capsules containing good seeds.
The season was unfavourable, and
the crossed plants produced only forty such flower-stems, bearing

left

;
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168 good capsules, whilst the self-fertilised plants produced
only two such flower-stems, bearing only 6 capsules, half of
which were very poor ones. So that the fertility of the two lots,
judging by the number of capsules, was as 100 to 3 5.
In considering the great difference in height and the wonderful
•

two

difference in fertility between the

bear in

The

mind

that this

is

self-fertilised plants

sets of jDlants,

we should

the result of two distinct agencies.

were the product of illegitimate

fertili-

sation during five successive generations, in all of which, ex-

cepting the last, the plants had been fertilised with pollen taken
from a distinct individual belonging to the same form, but which
was more or less closely related. The plants had also been
subjected in each generation to closely similar conditions. This
treatment alone, as I know from other observations, would have
On the
greatly reduced the size and fertility of the offspring.
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 progenitors, had been exposed to very different conditions and this
latter circumstance alone would have given great vigour to the
offspring, as we may infer from the several analogous cases
already given. How much proportional weight ought to be attributed to these two agencies, the one tending to injure the
;

—

and the other to benefit the crossed
cannot be determined.
But we shall immediately

self-fertilised

offspring,

—

offspring,

see that the greater part of the benefit, as far as increased
fertility is concerned, must be attributed to the cross having
been made with a fresh stock.

Primula

veris.

Equal-styled and red-flowered var.

I have described in my paper On the Illegitimate Unions of
Dimorphic and Trimorphic Plants this remarkable variety, which
was sent to me from Edinburgh by Mr. J. Scott. It possessed a
pistil proper to the long-styled form, and stamens proper to the
short- styled form so that it had lost the heterostyled or dimorphic character common to most of the species of the genus,
and may be compared with an hermaphrodite form of a biConsequently the pollen and stigma of the
sexual animal.
same flower are adapted for complete mutual fertilisation, instead
of its being necessary that pollen should be brought fi'om one
'

'

;

—
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form to another, as in

tlic

common

cowslip.

and anthers standing nearly on the same
perfectly self-fertile

when

223
From

level,

insects are excluded.

fortunate existence of this variety,

it is

the stigma

the flowers are

Owing

to the

possible to fertilise its

manner with their own pollen, and to
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
flowers in a legitimate

cross other flowers in a legitimate

the injurious effects of an illegitimate union.

The plants on which I experimented had been raised during
two successive generations from spontaneously self-fertilised
seeds produced by plants under a net and as the variety is
highly self- fertile, its progenitors in Edinburgh may have been
self-fertilised during some previous generations. Several flowers
on two of my plants were legitimately crossed with pollen from
a short-styled common cowslip growing almost wild in my
orchard so that the cross was between plants which had been
;

;

subjected to considerably different conditions.

Several other

same two plants were allowed to fertilise themunder a net and this union, as already explained, is a

flowers on the
selves

;

legitimate one.

The crossed and

self-fertilised

sown
and the seedlings
on the two sides.

seeds thus obtained were

thickly on the opposite sides of three pots,

number were left
during the first year were nearly equal in
height, excepting in Pot III., Table XCIV., in which the selffertilised plants had a decided advantage.
In the autumn the
plants were bedded out, in their pots; owing to this circumstance, 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

thinned, so that an equal

The

seedlings

following spring I record in

my

notes that in two of the pots

the crossed plants are "incomparably the finest in

appearance," and in
fertilised.

When

all

general

three pots they flowered before the self-

in full flower the tallest flower-stem

on each

was measured, and the number of the flowerstems on both sides counted, as shown in the following table.
The plants were left uncovered, and as other plants were growing
When
close by, the flowers no doubt were crossed by insects.
the capsules were ripe they were gathered and counted, and
the result is likewise shown in the following table

side of each pot

:

;
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Table XCIV.
Primula

veris (e.qual-fifyled, red-flowered variety).
Crossed Plants.

No. of Pot.

Height of
tallest

Flower-stetn
in inches.

No. of
Flowerstems.

Self-fertilised Plants.

Height of

No. of good

tallest

Capsules,

Flo wer-s tem
in inches.

No. of
Flowerstems.

No. of good
Capsules.

j

1.

163

10

i

6|

6

6

5

2

0

10|

5

26

13

32

Several,
II.

12

III.

7

not
counted.

43

!

1

Totals.

26-0

33

206

22-0

The average height

of the three tallest flower-stems on the
8*66 inches, and that of the three on the
self-fertilised plants 7-33 inches; or as 100 to 85.
All the crossed plants together produced thirty-three flower-

crossed plants

is

stems, whilst the self-fertilised bore only thirteen.

The number

of the capsules was counted only on the plants in Pots

I. and III.,
Pot II. 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
Judging from the previous generations, the extreme
to 15.
unproductiveness of the self-fertilised plants in this experiment
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 seeds 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

for the self-fertilised plants in

;

100 to 71. Moreover, the seeds from the self-fertilised plants
were not nearly so 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
haying been in both cases of

self-fertilisation; the fertilisation

the legitimate order.

Primula

As

the Chinese primrose

like the

common

cowslip,

flowers of both forms

own

sinensis.

a heterostyled or dimorphic plant,
might have been expected that the

is

it

when

illegitimately fertilised with their

pollen or with that from flowers on another plant of the

same form, would have yielded less seed than the legitimately
flowers; and that the seedlings raised from illegitimately self-fertilised seeds would have been somewhat dwarfed
and less fertile, in comparison with the seedlings from legitimately crossed seeds. This holds good in relation to the ferbut to my surprise there was no difference
tility of the flowers
in growth between the offspring from a legitimate union between
two distinct plants, and from an illegitimate union whether
between the flowers on the same plant, or between distinct plants
of the same form. But I have shown, in the work lately referred
to, that in England this plant is in an abnormal condition,
such as, judging from analogous cases, would tend to render a
cross between two individuals of no benefit to the offspring.
Our plants have been commonly raised from self-fertilised
seeds and the seedlings have generally been subjected to nearly
crossed

;

;

uniform conditions in pots in greenhouses. Moreover, many of
the plants 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. From the analogy of P. veris there
can hardly be a doubt that if a plant of P. sinensis could have
been procured direct from China, and if it had been crossed
with one of our English varieties, the offspring would have
shown wonderful superiority in height and fertility (though
probably not in the beauty of their flowers) over our ordinary
plants.

My

fertilising many flowers on
and short-styled plants with their own pollen, and
other flowers on the same plants with pollen taken from distinct
plants belonging to the same form so that all the unions were
illegitimate.
There was no uniform and marked difference in
first

experiment consisted in

long-styled

;

Q
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number

of seeds obtoined from these two modes of self-ferboth of which were illegitimate. The two lots of seeds
from both forms were sown thickly on opposite sides of four pots,
and numerous plants thus raised. But there was no difference
in their growth, excepting in 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 offspring from the self-

the

tilisation,

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 I. to IV. in the following table (XCV.) a single plant
being left on each side. Several flowers on the illegitimate long;

;

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 VIII. in
the same table. As the two sets of seedlings did not differ in
any essential manner, their measurements are given in a single
table.
I should add that the legitimate unions in both cases
yielded, as might have been expected, many more seeds than the
styled

illegitimate unions.

The

seedlings whilst half-grown presented

no difference in height on the two sides of the several pots.
When fully grown they w^ere measured to the tips of their
longest leaves, and the result is given in Table XCV.
In six out of the eight pots the legitimately crossed plants
exceeded in height by a trifle the illegitimately self-fertilised
plants but the latter exceeded the former in two of the pots in a
more strongly marked manner. The average height of the eight
;

legitimately crossed plants is 9-01, and that of the eight illegitimately self-fertilised 9-03 inches; or as 100 to 100-2. The

plants on the opposite sides produced, as far as could be judged
by the eye, an equal number of flowers. I did not count the cap-

by them but undoubtedly, judging
from many previous observations, the plants derived from the
legitimately crossed seeds would have been considerably more
fertile than those from the illegitimately self-fertihsed seeds.
sules or the seeds produced

The crossed

;

plants, as in the previous case, flowered before the

PRIMULA SINENSIS.

Chap. VI.

227

Table XCV.
Primula

sinensis.

i>i
i
r
^ egiti„if;
from
P
ants
mately crossed bef ds.

Plants from

^

No. of Pot.

j

^
j

Inches.

illegiti-

self-fertilised

Seeds.

Inches.

8

From

short-styled

mother.
II.

From

8i

short-styled

mother.
III.

From

n

n

long-styled

mother.

From

IV.
long-styled

mother.
V.

From

9

illegitimate

short-styled

mother.

n

VI.

From

illegitimate

short-styled

mother.
VII.

From

illegitimate
long-styled mother.

VIII.
illegitimate
long-styled mother.

10|

10

72-13

72-25

From

Total in inches.

the pots except in Pot II., in which the
two sides flowered simultaneously; and this early flowering
may, perhaps, be considered as an advantage.
self-fertilised plants in all

Q 2
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esculentum.

This plant was discovered by Hildebrand to be beterostyled,
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 not 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.

by legitimately crossing flowers on long-styled
and by fertilising other flowers on both
forms with pollen from the same plant. Eather more seeds were
obtained by the former than by the latter process
and the
legitimately crossed seeds were heavier than an equal number
I obtained seeds

and short-styled

plants,

;

of the illegitimately self-fertilised seeds, in the ratio of 100 to 82.

from the short-styled parents,
on sand, were planted in pairs on the opposite
sides of a large pot and two similar lots of seeds from longstyled 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 selffertilised and in all three pots they flowered before them by one
or two days. When fully grown they were all cut down close
to the ground, and as I was pressed for time, they were placed
in a long row, the cut end of one plant touching the tip of
Crossed and

self-fertilised seeds

after germinating

;

;

another,

was 47
32

and the
ft.

7

total length of the legitimately crossed plants

and

in.,

of the illegitimately self-fertihsed plants

8 in. Therefore the average height of the fifteen crossed
plants in all three pots was 38 06 inches, and that of the fifteen
self-fertilised plants 26 13 inches ; or as 100 to 69.
ft.

•

•

XXVIII.

A

CHENOPODIACE^.—Beta

vulgaris.

no others growing in the same garden, was
left to fertilise itself, and the self-fertilised seeds were collected.
Seeds were also collected from a plant growing in the midst of a
large bed in another garden and as the incoherent pollen is
abundant, the seeds of this plant will almost certainly have been
the product of a cross between distinct plants by means of the
wind. Some of the two lots of seeds were sown on the opposite
sides of two very large pots; and the young seedlings were
thinned, so that an equal but considerable number was left on
the two sides. These plants were thus subjected to very severe
single plant,

;

—

1

1
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The remaining seeds
two long and not closely
adjoining rows, so that these seedlings were placed under favourable conditions, and were not subjected to any mutual competition.
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 surviving self-fertilised plants grew thinly in the row, and thus had
an advantage over the crossed plants, which grew very thickly
in the other row.
The young plants in the two rows were protected 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 selffertilised.
When in full flower their stems were measured, and
the measurements are given in the following table
competition, as well as to poor conditions.

were sown out of doors in good

soil in

;

:

Table XCVI.
Beta vulgaris.
No. of Pot.

f

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

I.

34|
30
33 f

36
201
32 f
32

II.

42 i
33
31
33

421

Total in inches.

272-75

29 i
20

238-50

The average height of the eight crossed plants is here
34 '09, and that of the eight self-fertilised plants 29'81 or as
100 to 87.
With respect to the plants in the open ground, each long row
was divided into half, so as to diminish the chance of any
;

accidental advantage in one part of either row;
tallest

and the four

plants in the two halves of the two rows were carefully

CANNA WAESCEWICZI.
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and measured. The eight tallest crossed plants averaged
30-92, and the eight tallest self-fertilised 30-7 inches in height,
selected

But we
so that they were practically equal.
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
or as 100 to 99

;

Nor were the
mutual competition.
sprouting.

XXIX.
In most or

all

lots in the

two rows subjected

any

to

CANNACE^.— Canna waescewiczi.
the species belonging to this genus, the pollen

shed before the flower expands, and adheres in a mass to the
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
is

foliaceous pistil close beneath the stigmatic

the stigmatic surface, and such flowers drop off unimpreg-

nated unless they are
rarely, the

stamen

is

artificially fertilised.

a

Little

Sometimes, though

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

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. *
surface

is

* Delpino has described (' Bot.
Zeitung,' 1867, p. 277, and Scientific Opinion,' 1870, p. 13.5) the
structure of the flowers in this
genns, but he was mistaken in
thinking that self-fertilisation is
impossible, at least in the case of
the present species. Dr. Dickie and
Prof. Faivre state that the flowers
'

are fertilised in the bud, and that
self-fertilisation is inevitable.
I
presume that they were misled by
the pollen being deposited at a
very early period on the pistil see
Journal of Linn. Sec. Bot.' vol.
X. p. 55, and 'Variabilite des
Especes,' 1868, p. 158.
:

'
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According to Delpino, bees eagerly visit the flowers in North
but I have never seen any insect visiting the flowers of the
present species in my hothouse, although many plants grew
there during several years. Nevertheless these plants produced
plenty of seed, as they likewise did when covered by a net they
are therefore fully capable of self-fertilisation, and have probably
been self-fertilised in this country for many generations. As
they are cultivated in pots, and are not exposed to competition
with surrounding plants, they have also been subjected for a
considerable time to somewhat uniform conditions. This, therefore, is a case exactly parallel with that of the common pea, in
which we have no right to expect much or any good from
intercrossing plants thus descended and thus treated; and
no good did follow, excepting that the cross-fertilised flowers
yielded rather more seeds than the self-fertilised. This species
w^as one of the earlier ones on which I experimented, and as I
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
to be gained from a cross. I was therefore much surprised at
the crossed plants not growing more vigorously than the selffertilised, and a large number of plants were raised, notwithstanding that the present species is an extremely troublesome
one to experiment on. The seeds, 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 w^as forced to follow)
germinated at very unequal intervals of time; so that it was
difficult to get pairs of the same exact age, and many seedlings
Lad to be pulled up and thrown away. My experiments were
continued during three successive generations; and in each
generation the self-fertilised plants were again self-fertilised,
their early progenitors in this country having probably been selffertilised for many previous generations.
In each generation,
also, the crossed plants were fertilised with pollen from another
Italy,

;

;

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 contained on an average 9 95 seeds
whereas forty-eight capsules
from the self-fertilised flowers contained on an average 8*45
'

seeds

;

or as 100 to 85.

;

The seeds from the

crossed flowers were

CANXA WAESCEWICZI.
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not heavier, on the contrary a
self-fertilised flowers, as

was

little lighter,

Chap. VI.

than those from the
On one occasion

thrice ascertained.

and 106 of the self-fertilised seeds,
weight of an equal number was as 100 for the

I weighed 200 of the crossed

and the

relative

crossed to 101 5 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 fewer 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 containing 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

As

fails.

pollen

is

deposited at a very early age on the

pistil,

gene-

some flowers whilst still in
bud were castrated for my first experiment, and were afterwards
Other flowers were
fertilised with pollen from a distinct plant.
rally in contact with the stigma,

fertilised

with their own pollen.

From

the

seeds thus ob-

tained, I succeeded in rearing only three pairs of plants of equal
age.

The

three crossed plants averaged 32 '79 inches, and

the three self-fertilised 2 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.
In order to raise crossed and self-fertilised plants of the second
generation, some flowers on the above crossed plants were crossed

within twenty-four hours after they had expanded with pollen
distinct plant and this interval would probably not be too
great to allow of cross-fertilisation being effectual. Some flowers

from a
on the

;

self-fertilised plants of the last

fertilised.

From

these

two

;

fully

the self-fertilised

self-

and twelve

equal ages were raised and these were
grown. The crossed averaged 36 98, and
averaged 37 '42 inches in height; so that here

self-fertilised plants of

measured when

generation were also

lots of seeds, ten crossed

•

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

ZEA MAYS.
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Kjach the stigmas, so that they could not possibly have been
self-fertilised.
These flowers were crossed with pollen from a
distinct plant. Flowers on the self-fertilised plants of the second
generation were again self-fertilised.

From

the two lots of seeds

thus obtained, twenty-one crossed and nineteen self- fertilised
plants of equal age, and forming the third generation, were raised
They were measured when fully grown,
in fourteen large pots.
and by an odd chance the average height of the two lots was
exactly the same, namely, 35 96 inches so that neither side had
the least advantage over the other. To test this result, all the
plants on both sides in ten out of the above fourteen pots were
cut down after they had flowered, and in the ensuing year the
stems were again measured; and now the crossed plants exceeded by a little (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 shght advantage (viz., 1-54: inches)
over the crossed. Hence the result arrived at with these plants
during the previous trials was confirmed, namely, that neither
lot had any decided advantage over the other. It may, however,
be worth mentioning that the self-fertilised plants showed some
tendency to flower before the crossed plants this occurred with
and with the cut down
all three pairs of the first generation
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 35*98, and the
thirty-four self-fertilised plants 36*39 inches in height: or as
•

;

:

;

We may

100 to 101.

therefore conclude that the

possessed equal powers of growth

;

and

two

lots

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. GRAMINACEiE.— Zea
This plant

is

mays.

monoecious, and was selected for

trial

on

this ac-

count, no other such plant having been experimented on.*
*

Hildebrand

remarks

that

seems at first sight
ada[ited to be fertilised by pollen
from the same plant, owing to the
this species

It is

male flowers standing above the
female flowers but practically it
must generally be fertilised by
pollen from another plant, aa the
;

—
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by the wind and
;

of such plants

only the common heet had been tried. Some plants were raised
in the greenhouse, and were crossed with pollen taken from a
distinct plant
dijBferent

;

and a single

plant,

growing quite separately in a

part of the house, was allowed to

taneously.

The

fertilise

itself

spon-

seeds thus obtained were placed on

damp

sand,

and as they germinated in pairs of equal age were planted on
the opposite sides of four very large pots;

nevertheless they

were considerably crowded. The pots were kept in the hothouse.
The plants were first measured to the tips of their leaves when
only between 1 and 2 feet in height, as shown in the following
table

:

Table XCVII.
Zea mny^.
No. of Pot.

Crossed Plants.

Self-fertilised Plants.

Inchf's.

Inches.

I.

II.

12
21

20i
20

22

20

18i

21i
22^

III.

181

2U

18
16|

231

Total ia inches.

18

21
22'
23
12

IV.

12f
18

263-63

302-88

here average 20*19, and the fifteen
17-57 inches in height; or as 100 to 87.
Mr. Galton made a graphical representation, in accordance with
the method described in the introductory chapter, of the above

The

fifteen crossed plants

self-fertilised plants

male flowers usually shed their
pollen before the female flowers
Mouatsbericht der
are mature;
'

K.

Akad.'

p. 743.

Berlin,

Oct.

1872,

;
:
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measurements, and adds the words " very good " to the curves
thus formed.
Shortly afterwards one of the crossed plants in Pot I. died

much diseased and

stunted and the third never
They seemed to have been all injured,
Therefore all
probably by some larva gnawing their roots.
the plants on both sides of this pot were rejected in the subsequent measurements. When the plants were fully grown they
were again measured to the tips of the highest leaves, and the
eleven crossed plants now averaged 68*1, and the eleven self-

another became

grew

;

to its full height.

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-fertilised but three of the plants did not flower at all. Those that
;

flowered were also measured to the summits of the male flowers
the ten crossed plants averaged 66 '51, and the nine self-fertilised
plants 61 59 inches in height
•

A

large

number

of the

;

or as 100 to 93.

same crossed and

self-fertilised seeds

were sown in the middle of the summer in the open ground in
two long rows. Yery much fewer of the self-fertilised than of
the crossed plants produced flowers but those that did flower,
flowered almost simultaneously. When fully grown the ten
tallest plants in each row were selected and measured to the
;

tips of their highest leaves, as well as to the

summits

of their

male flowers. The crossed averaged to the tips of their leaves
54 inches in height, and the self-fertilised 44*65, or as 100
to 83; and to the summits of their male flowers, 53*96 and
43*45 inches; or as 100 to 80.

PhALARIS CANARIENSIS.
Hildebrand has shown in the paper referred to under the
hermaphrodite grass is better adapted
Several plants
for cross-fertilisation than for self- fertilisation.
were raised in the greenhouse 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
have been a mere chance whether with pollen from the same
Both lots of seeds, after germinating on sand, were
flowers.
planted in pairs on the opposite sides of four pots, which were
kept in the greenhouse. When the plants were a little over a

last species, that this

—

1

!
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in height they were measured, and the crossed plants
averaged 13*38, and the self-fertilised 12*29 inches in height;
or as 100 to 92.
When in full flower they were again measured to the extremities of their culms, as shown in the following table
foot

:

Table XCVIII.
Phalaris canariensis.
No. of Pot.

Crossed Plants.

Self-fertilised Plants.

Inches.

Inches.

42
39 §

411
45

37

31

49^
29
37

371
42 i

37 g

35
43

28
28
34

401

351

37

34|

I.

II.

III.

IV.

34i

428-00

Total iu inches.

f

392-63

now averaged 38 9, and the eleven
or as 100 to 92,
35 69 inches in height
which is the same ratio as before. Differently to what occurred
with the maize, the crossed plants did not flower before the selffertilised; and though both lots flowered very poorly from
having been kept in pots in the greenhouse, yet the self-fertilised
plants produced twenty-eight flower-heads, whilst the crossed
produced only twenty
Two long rows of the same seeds were sown out of doors, and
care was taken that they were sown in nearly equal number
but a far greater number of the crossed than of the self-fertilised
seeds yielded plants. The self-fertilised plants were in consequence not so much crowded as the crossed, and thus had an
advantage over them. When in full flower, the twelve tallest
plants were carefully selected from both rows and measured,
The

eleven crossed plants

self-fertilised plants

as

*

•

shown in the following

;

table

:

1

1

'
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Table XCIX.
Phalaris canariensis ((/rowing in the open ground).
Crossed

Plartts,

twelve

tallest.

Inchos.

Self-fertilised Plants,

twelve

tallest.

Inches.

35 i
35 2
36

35i
35
36^
36f
38|
36|
35

inches. }

33
32
31

34 g

36
33
32
35^
33 f
34
35

429

402-0

The twelve crossed plants here average 35*78, and the twelve
self-fertilised

33 "5 inches in height; or as 100 to 93.

In this

case the crossed plants iflowered rather before the self-fertilised,

and thus

differed

from those growing in the pots.
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CHAPTER

Chap. TII.

VII.

Summary of the Heights and Weights of the Crossed and
Self-fertilised Plants.

—

Number

—

of species and plants measured
Tables given Preliminary
remarks on the offspring of plants crossed by a fresh stock Thirteen

cases specially considered

—The

—

effects of crossing a self-fertilised

plant either by another self-fertilised plant or by an intercrossed plant
of the old stock

—Summary of the results —Preliminary remarks

on

the crossed and self-fertilised plants of the same stock - The twentysix exceptional cases considered, in whicli the crossed plants did not
-

—

exceed greatly in height the self-fertilised Most of these cases
shown not to be real exceptions to the rule that cross-fertilisation
Summary of results Relative weights of the crossed
is beneficial

—

and

The

—

self-fertilised plants.

which have been given under the head
numerous and so intricate, that
In Table A, the
it is necessary to tabulate the results.
number of plants of each kind which were raised from
a cross between two individuals of the same stock and
from self-fertilised seeds, togetker with their mean
In
or average heights at or near maturity, are given.
the right-hand column, the mean height of the crossed
to that of the self-fertilised plants, the former being
taken as 100, is shown. To make this clear, it may
be advisable to give an example. In the first generation of Ipomoea, six plants derived from a cross
between two plants were measured, and their mean
six plants derived from
height is 86 00 inches
flowers on the same parent-plant fertilised with their
own pollen were measured, and their mean height is
65 66 inches. From this it follows, as shown in the
right-hand column, that if the mean height of the
crossed plants be taken as 100, that of the self-ferdetails

of each species are so

•

•

;
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followed with

the other species.

The
grown

crossed and self-fertilised plants were generally
in pots in competition with

always

one another, and

under as closely similar conditions as could

be attained. They were, however, sometimes grown in
With several of
separate rows in the open ground.
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

Owing

be seen in Table A.

to this

proceeding, the crossed plants became

in

manner

generations more or less closely inter-related.
later generations

new

tall variety

of

Mimulus

of

the later

The

are not included, as a

then prevailed on one side alone, so

that a fair comparison between the two sides was no

longer possible. With Ipomoea the variety Hero has
been excluded for nearly the same reason.
In Table B the relative weights of the crossed and
self-fertilised plants, after they had flowered and had
been cut down, are given in the few cases in which
they were ascertained. The results are, I think, more
striking and of greater value as evidence of constitutional 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 diflerent conditions),
or

by a

distinct sub- variety, in comparison with self-

fertilised plants, or in a

few cases with plants of the

same old stock intercrossed during several generations.
The relative fertility of the plants in this and the
other tables will be more fully considered in a future
chapter.

—

)
)i
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Table A. Relative Hdyhts of Plants from Parents crossed with
Pollen from other Plants of the same Stock, and self-fertilised.

o

.

1
c
Cr

Self-

feiti-

rmer

easur

O

o

o c

Self-

he

2 a

t

in

me

NAMES OF PLANTS,

fcrti-

fo
Self-

of

ches.

ed.

2i

"S

of

Its

ts

tl
of

til
lants

heig Plan

^ to

ants.

P
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D
a
O
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7

gGncrcitioii

—
pui
gcUci duiuu
ipOUKJca
purpurGti—
IpomoeR purpurea. — 7th generation
H^n
Ipomcea purpurea— 9th generation
IponiCEci

purpurcR

4-tli

p Ul

(J

ccl

Ipoino63r

T^m'TMi too

rrimTi

III

6tli g6iiGru.tioD
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LXIC

ten
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^^1
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1 n f pn <2—
lULCU-S

IVtitniilnc
XVJ.1111
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before the
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llloU

new <ind.
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Verbascum thapsus
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c

0
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,

'inrl
<111U.

cpI "T— ICl
fpi't'i
1 1 cpd
ot/ll
tlilbcU.
"TVPfTPAf

52*83
60* 14
62 '33

D

73

66*02

14

OD
>>

#

o

79

DO iO

68*25
96-65
64*07
50*40

7fi
f D

79
68

81
)>
>>

oo
79
54

85- 84

"

77

65

51- 33

8

35 87

1

19- 50

1

15*00

3

7 08

6

65- 34

3
6

5*75
56-50

20

4- 30

20

4'27

24

3- 60

24

3*38

20

4- 30

20

4*06

8
6

8
6

4

6
9

32- 06
27- 85
20- 00
60- 00
41- 08

6
9

29*14
21*16
17*12
65*00
39*00

7

19-

7

16*39

•

70

•

77
»

86
)>

99

5>

94

.

—crossed
•

^P^^AHn

j

1

—

...

—the

self-fertilisedl

plants of the 3rd generation

94

1

.

4

Iberis umbellata

.

crossed,

pidULo ClUVVUcU.
•
•
,^
crossed
Vandellia nurnmularifolia
j
plants raised from perfect flowers,
[
and self-fertilised plants from
cleistogene flowers
tila.19

lid
DO
as 100 to
66 "33

8- 19

>

nlitrffs
lJlclilUo> viiicprl
IdioCUl1

nA'\.VPl*Q

D
7
a
O
c
D
9
8

a
DOK.

j

....
—

Vandellia nuninmlarifolia

o
D
a
D

i

and self- fertilised plants^ raised >
from perfect flowers
•
,1

TTATYl

73

gvee nhou.se

VanUellia nurnmularifolia

86 00
84 16
77 41
69 78
82 54
87 50
83 94
113 •25
81 39
93 70

i

^Ci-lCltl^J

self-tertilised. Vtiriety Hppetired,

Culceoltiria,

t>

c
D

„,

o
>

< oil

./j

12J
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76
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J>

J»
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?>
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»

?>
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)

—

SUMMARY OF MEASUREMENTS.

Chap. VII.

A

Table

241

continued.

5-0

NAMES OF PLANTS.
a-'

OS

£.2
3—

25
t
9^

$3

Papaver vagum
Eschscholtzia californica
stock, 1st generation
Eschscholtzia
stock,

—English
.

californica

.

.

— English

2nd generation

.

.

1

'I

25-56

32-47

32- 81

44-64

45-12

43-38

50-30

40-03

42-72

17-17
28- 09

14-61
23-14

— Br
2nd generation
— average
californica

Eschscholtzia californica
height and number of all the>
plants of Eschscholtzia .
.
.
j
Reseda lutea grown in pots .
lutea
grown
in
open
ground
Reseda
self - fertilised
Reseda odorata

27- 48

22- 55

25-76

27-09

29- 98

27- 71

25-92

23- 54

5-58
14-25
14-95
34-50

2-37
14-31
12-50
33- 55

j

—
— —

j

seeds

from a highly

plant,

grown

self-fertile
|

Reseda

in pots

—

odorata

.

.

self

-

.

.

fertilised

seeds from a highly self-fertile
plant, grown in open ground

—

odorata

Reseda

.

self - fertilised

seeds

from

a

plant,

grown

in pots.

—

odorata

Reseda

semi-self-sterile
.

.

I

>

self - fertilised

from

a

semi-self-sterile

plant,

grown

in

open ground

1

>

.

Viola tricolor
aestivalis

Delphinium consolida

....

oculata

—

caryophyllus
Dianthus
open"!
ground, about
j
Dianthus caryophyllus 2nd gen-"!
eration, in pots, crowded
J
Dianthus caryophyllus 3rd gen-

—

—
pots
caryophyllus —

.

20

.)

seeds

Adonis

6? 28?

24?

16-75

9-75

28- 39

28- 21

.

eration, in

Dianthus
offspring^
from plants of the 3rd self-ferti-|
lised generation crossed byinter-[
crossed plants of 3rd generation,
compared with plants of 4th self-

fertilised generation

.

as 100 to
5>

.J

iJra-jl

zilian stock,

19-54

29-68

J

zilian stock, 1st generation

Eschscholtzia

21-91

28-00

10

26-55

I

89
86

—

1

SUMMARY OF MEASUREMENTS.

242

A

Table

Chap. VII.

contirmed.
Qi
00
en

-s

1^

o

o

.

6^

a

'^-|

£

ID

Selfiasur

o

CO

®3

(
in

the
measi

the

tjH

r

^ tlS
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height Plants
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NAMES OF PLANTS.

tg

height

of

of
nts

!

to

Plants

mts

;

'lants,

I

GO

Z o ^

id

!

id

a

Plai
imber

imbei

[ised

o V

3

1

—

numDerj
Diantnus caryopnyllus
and average height of all the>

T jllllUuU
1 f^T n o 11 f ll PC
LIlco
i

fl ml O"!
UUU^lclbll
1

•

•

•

—2nd generation
Liipinus pilosus — plants of
Lupinus luteus

27-37

4

Sarothamnus

Sarothamnus scoparius

—

16
8
2

OO

OKJ

3

5

86-00
34-62

5

4

7
8

16
8

4

Q

....

2

19-81
33-50
24-62
49-00

2

4
8
2

not

5»
?5

5)

)>

»

5>

92
109

74
7p
79
82
86
96
115

»

5>

46

—half-grown
—the same

15-37

7

19-43

6

16-00

•

4
4

4
4

.

3

.

2

19-28
22-25
23-33
34-75
29-82
11-10

18 93
18-37
19-00
44-25
27-10
5-45

.

.

23
12

fully"!

1st

—ith generation

.

5
5

.

4

.
.

3
2
23
12

8
15

20-68
12-75
30-80
40-50
40 -915
46-79

4
5
5
6
8

14

100
?5

5>

90

55

55

82

-

19-90

33-28
4

— generation
— 2nd generation
—3rd generation

88
82
107
104

4

....

insignis

63

17-37
27-62
26-31
51-00

17-12

—

Specularia speculum
1st generation
Lobelia ramosa
2nd generation
Lobelia ramosa
1st generation
Lobelia fulgens
2nd generation
Lobelia tulgens

11-83

4

ocabiosa atro-purpurea .
.
.
.
Lactuca sativa plants of two gen-1

Petunia violacea
Petunia violacea
Petunia violacea
Petunia violacea

»
»

to

not
measured.

?l measured.
•I

insignis

OO

i

18-91

8
2

Nemophila
Nemophila

100

— the

4

—
—
—
—

as

82-35
39-68

small!

three!
survivors on each side after three >

Ononis minutissima

4

14-43
16-62
46-00
13-85
25-21

,

....

scoparius

25-18

•

7
8

tvvol

Phaseolus multiflorus

26

13-25
22-35
58-43
17-46
30-78

....

Pelargonium zonale

31

21-18
13-40
26-00
26-25
53-87
32-39

55

55

55

55

98
82

55

55

81

55

55

127

55

55

91

55

55

49

55

55

55

55

55

55

55

55

5>

55

55

55

55

55

60
102
105
84
65
131
69

—
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X
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a
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CO

Plan
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—4th

.

—
—

Nicotiana tabacum
Nicotiana tabacum
Nicotiana tabacum
Nicotiana tabacum

—

.

.

.

but raised

1st generation

distinct

Nicotiana
average height of

all

the plants)

—a

dimorphic!

open ground

— plants of three!

—
—

C3

a

<

44 74

13

26 •87 as 100

22

54 11

21

33 23

10

38 27

1

A

Oi

67

46 53

67

33 12

4

4

7

18 50
53 84
95 25

7
7

32 75
51 78
79 60

7<

70 78

y

71 30

27

63- 73

27

61 31

9

9-

6

49
42- 20

8

9* 01

38* 06

tc>

tiO

61
61

»

5?

71

178
96
83

»

101

8?

1

6

7 50
33 35

8

uo

>>

96

•>

79
69

»

100

K

69

8
Q
O

34- 09
30- 92

8
Q
o

29 81
30- 70

87
99

34

35" 98

34

oo Of

101

15

20" 19

15

1

7 0/
•

68- 10

62- 34

J'

oi

5?

91

5»

yo

1

—

Zea mays when full grown, after]
the death of some, measured to >

—grown
Zea mays — grown
measured

a
2 %

< iS

1

.

tips of leaves

measured

•JO

1

ised

13

—a dimor-!

Zea mays in pots, whilst young,!
measured to tips of leaves
./
Zea mays when full grown, after)
the death of some, measured to>

Zea mays

PI

u

/

in pots.

Canna vvarscewiczi

,

c 5

1

Fagopyrum esculentum

in

.22

the

1o he

=s

<

8

—
—

c

for

.

— 2nd generation
—3rd generation
—3rd generation!
plant
from a
tabacum — number and

Beta vulgaris
Beta vulgaris

b

C

o

If-f

Se

.

—

sinensis

'S

1

o

1

generation,!

from a distinct parent .
.
/
Petunia violacea 5th generation
Petunia violacea 5th generation,!
in open ground
/
Petunia violacea
Number and!
average height of all the plants)
in pots of Petunia
|

Primula

'n

CO
I.-

'Z

.a

2
%

!5

Petunia violacea

a

<o

? s

B
o C
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si
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in

open ground,!

to tips of leaves
in

— in pots

—

10

in

.

54- 00

61 59

10

./

open ground, |

to tips of flowers

Phalaris canariensis
Phalaris canariensis

.

66- 51

53- 96

44- 55

5J

5?

43- 45

80

./

.

open ground

11

12

38 90
35

'1

11
12

35- 69
33- 50

83

J>

5>

92
93

^

1
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Table

B.

— Relative

Pollen from

distiiict

Chap. VII.

Weights of Plants from Parents crossed with
Plants of the same Stock, and Self-fertilised.
Number Number

NAMES OF PLANTS.

of Crossed
Plants,

of Selffertilised

Weight of the
Crossed Plants
taken as 100.

Plants.

Ipomcea purpurea

—

plants of the lOthj
generation
/
1st generaVandellia nummularifolia

—

tion

—

—
—

open ground
Reseda odorata
scended from

—

plant,

grown

a

generation,

41

„

„

97

9

9

„

„

37

19

19

»

» 118

24

24

»

21

highly

as

8

8

»

»

40

19

19

„

»

67

20

20

»

»

99

de-j

self-fertile

in pots

—

>

)

in pots

Dianthus caryophyllus— plants of the!
3i-d

41

/

1st

Reseda odorata 1st generation, descended from a semi-self-sterile plant,

grown

6

/

—

1st generation .
Brassica oleracea
Eschscholtzia californica plants of the"^
2nd generation
j
Reseda lutea 1st generation, grown in
pots
Reseda lutea 1st generation, grown \n\

100 to 44

6

generation

—plants of
generation,
pots
Petunia violacea — plants of
generation,
open ground
Petunia violacea

5th

the

bi'h.\

in
in

8

8

„

„

49

22

21

»

„

22

10

10

»

»

36

j

the

/
.

.

./

1
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Table Q.— Relative

Heights, Weights, and Fertility of Plants from
Parents crossed by a fresh Stock, and from Parents either selffertilised or intercrossed with Plants of the same Stock.
a

and

as

and

SelfParents

Cross

Fertility

from

Stock.

taken
inches

from

inches

the

Plants

NAMES OF PLANTS AND NATURE
OF THE EXPERIMENTS.

resh

in
Plants

I
a

the

from
Weight.

Stock

Weight.

Height

Stock.

Height

the

of

and

in

Inteicrosaed

Weight,
Plants

or

with

Fresh

of
same

a
Number

Cross

the

Average

fertilised

the

Number

Average

Height,

with

100.

of

of

—

offspring of
purpurea
plants intercrossed for nine generations and then crossed by a
compared withj
fresh
stock,
plants of the 10th intercrossed

Iljomoea

1

0

19

DO

/

0 as luu ro

78

—

offspring of
purpurea
plants intercrossed for nine generations and then crossed by a
compared with
fresh
stock,
plants of the 10th intercrossed
generation, in fertility .

Ipomoea

Mimulus luteus

—

offspring of plants

51

i

eight generations and then crossed by a fresh >
stock, compared with plants of
the 9th self-fertilised generation)
self-fertilised for

Mimulus luteus

—

self-fertilised

28

21-62

19

10-44

52

28

21-62

27

12-20

56

offspring of plants'

for

eight genera-

and then crossed by a fresh
stock, compared with plants of
tions

1

j

the 9th self-fertilised generation,

Mimulus luteus

—

self-fertilised

tions

offspring of plants^

for eight genera-

and then crossed by a fresh
compared with the off-

stock,

spring of a plant self-fertilised^
for eight generations, and then
intercrossed with another selffertilised plant of the same gen-

SUMMARY OF MEASUREMENTS.

246

Table C

Chap.

VIL

—continued.
1

^

t3

a

Self-
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si
(
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cS

Pa

frc

Fert
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from

inches

Plants

Fresh

NAMES OF PLANTS AND NATURE
OF THE EXPERIMENTS.

in

Intercrossed

Stock

from

Weight.

the

and

in

Plants

Weight.

a

Stuck.

Height

Height

the

Weight,
Plants

of

2
take

the

inches

with

Fresh

or

of
same

a
imber

>os8

^erage

mber

erage

rtilised

ight,

the

the

'

ith )0.

Z
Mimulus hiteus

—

self-fertilised

offspring of plants

for eight genera-

and then crossed by a fresh
compared with the off-

tions

stock,

spring of a plant self-fertilised
for eight generations, and then
intercrossed with another selffertilised plant of the same gen-

oleracea

—

offspring

umbellata

—

English

variety

slightly

different

riety,

to

4

of)

plants self-fertilised for two gen-j
erations and then crossed by a!
fresh
stock,
compared withj
plants of the 3rd self-fertilised
generation, by weight
.
.
.J
Iberis

100

....

eration, in fertility

Brassica

as

offspring

>>

>>

j>

»

»

„ 109

fronV

by

crossed

Algerine va-

compared with the

6

6

30

self-

17-34

29

15-51

fertilised offspring of the English,

variety
Iberis

....

umbellata

English

—

,

offspring

variety,

crossed

from"

by

Algerine
compared with the self-]
fertilised offspring of the English

slightly
variety,

different

variety, in fertility

1

' «5

.

—

Eschscholtziacalifornica
offspring")
of a Brazilian stock crossed byl
an English stock, compared with I
plants of the Brazilian stock of|
the 2nd self-fertilised generationj

19

45-92

19

50-30

—

Eschscholtziacalifornica
offspring'
of a Brazilian stock crossed by
an English stock, compared with
plants of the Brazilian stock off
the 2nd self-fertilised generation,

„ 118

1
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C — continued.

Table

11 1

a
as

and

and

Self-

Cross

Paieuts

Fertility

from
Stock.

taken
inches

from

in

Plana

inches

the

Plants

and

Fresh

NAMES OF PLANTS AND NATURP:
OF THE EXPERIMENTS.

the

a

in
from

Stock

Weight.

Weight.
Stock.

Height

of

Intercrossed

Height

the

Weight,
Plants

with

Fresh

or

of
same

a
the

Cross
Number

fertilised

Average

the

Average

Number

Height.

with

100.

of

of

—

offspring"'
Eschscholtzia californica
of a Brazilian stock crossed by
au English stock, compared with
plants of the Brazilian stock of'
the 2nd self-fertilised generation,

in fertility

as

100

to

40

»>

»

^'^

„

„ 100

„

M

_

—

offspring^
Eschscholtzia californica
of a Brazilian stock crossed by
an English stock, compared with!
plants of the Brazilian stock of
the 2nd intercrossed generation,

19

45-92

18

43-38

j

—

Eschscholtzia californica offspring"]
of a Brazilian stock crossed by
an English stock, compared with!
plants of the Brazilian stock of
the 2nd intercrossed generation,
in

weight

—

offspring"
Eschscholtzia californica
of a Brazilian stock crossed by
an English stock, compared with
plants of the Brazilian stock of
the 2nd intercrossed generation,

Dianthus

caryophyllus

—

1

offspring'

of plants self-fertilised for three
generations and then crossed by(
a fresh stock, compared with]

plants of the 4th self-fertilised
generation

Dianthus

caryophyllus

—

,

offspring"]

of plants self-fertilised for three
generations and then crossed by
a fresh stock, compared with
plants of the 4th self-fertilised
generation, iu fertility .

16

32-82

10

26-55

SI
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Table C

Chap. VU.

— continued.
a

as

Self-

and

and

Cross

Parents

Fertility

from
Stock.

taken
from

inches

the

inches

Plants

Fresh

NAMES OF PLANTS AND NATURE
OF THE EXPERIMENTS.

and

In

Plants

in

Intercrossed

Slock

from

Weight.

a

the

Weight.
Stock.

Height

Height

the

Weight,
Plants

of

with

Fresh

or

of
same

a
the

-

Cross
Number

fertilised

Average

the
Average

Nnmber

with

Height,

100.

of

of

1
Dianthus

caryophyllus

—

offspring"

of plants self-fertilised for three
generations and then crossed by
a fresh stock, compared with the
>

offspring of plants self-fertilised

16

32-82

15

28-00

as

100 to 85

generations and then
crossed by plants of the 3rd
intercrossed generation .
for three

Dianthus

caryophyllus

—

offspring"

of plants self-fertilised for three
generations and then crossed by
a fresh stock, compared with the
offspring of plants self-fertilised

three generations and then
crossed by plants of the 3rd
intercrossed generation, in ferfor

Pisum sativum

—

offspring from
between two closely allied
varieties, compared with the self-

a""

cross

fertilised offspring of

(60
?

?

one of the]

~^

varieties, or with intercrossed
plants of the same stock

1

Lathyrus odoratus—offspring from'

two varieties, differing only in
colour of their flowers, compared
with the self-fertilised offspring
in 1st
of one of the varieties

'

2

79-25

2

63-75

»

6

62-91

6

55-31

„

80

:

Lathyrus odoratus

—

offspring from"^

two varieties, differing only in
colour of their flowers, compared
with the self-fertilised offspring
in 2nd
of one of the varieties
:

1

[

„

88
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— continued.

n
« c 5

NAMES OF PLANTS AND NATURE
OF THE EXPERIMENTS.

^1
Si's

—

violacea
offspring
of
plants self-fertilised for
four
generations and then crossed by
a fresh stock, compared with
plants of the 5th self-fertilised
generation, in height

Petunia

21

50-05

21

33-23

100

to

66

—

Petunia

violacea
offspring
of)
plants
self-fertilised
for four
generations and then crossed by
a fresh stock, compared with
plants of the 5th self-fertilised
generation, in weight

2:5

—

Petunia

violacea
offspring
of
self-fertilised
plants
for four
generations and then crossed by
a fi-esh stock, compared with
plants of the 5th self-fertilised
generation, grown in open ground,
in height

Petunia

as

violacea

—

offspring

10

36-67

10

23-31

63

of

plants self-fertilised for
four
generations and then crossed by
fresh stock, compared with
plants of the 5th self-fertilised
generation, grown in open ground,

a

in

weight

Petunia

53

—

offspring
violacea
ofl
plants
self-fertilised for four
generations and then crossed by
a fresh stock, compared with
plants of the 5th self-fertilised
generation, grown in open ground,

46

in fertility

Petunia
plants

violacea

—

offspring

of|

four
generations and then crossed by
a fresh stock, compared with
plants of the 5th intercrossed
generation, in height
,
self-fertilised

for

21

50-05

22

54-11

„ 108
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—continued.
a

as
and

and

Self-

Cross
Parent*

rtility

from
Stock.

taken
from
inches

Fe

inches

the

Plants

and

Fresh

NAMES OF PLANTS AND NATUKP
OF THE EXPERIMENTS.

in

in

PJants

from

Intercrossed

a

the

Stock.

Weight,

Height

the

Plants

of

Stock

Weight.

Weight.

Height

with

Fresh

or

of
same

a
the

Cross

fertilised

Number

Average

the

Number

Average

Height,

Petunia

as

10

36-67

10

38-27

„ 104

„

„ 146

„

„

0^

;»

»>

^6

—

violacea
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

„

—

violacea
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.

Petunia

100 to 101

—

yiolacea
offspring
of
plants self fertilised for four
generations and then crossed by
a fresh stock, compared with
plants of the 5th intercrossed
generation, grovvn in open ground,

Petunia

100.

—

offspring
yiolacea
of
plants
self-fertilised for four
generations and then crossed by
a fresh stock, compared with
plants of the 5th intercrossed
generation, in weight

Petunia

with

of

of

«

....
—

Nicotiana tabacum offspring of
plants self-fertilised for three
generations and then crossed by
a slightly different variety, compared with plants of the 4th

63-29

26
|

self-fertilised generation,

not

much crowded

grown

in pots, in
1

1

26

41-67
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— continued.
a

as
Self-

Cross
Paients

Fertility

from
taken

Stock.
ininchesand

ininchesand

the

from

Plants

and
Fresh

AMES OF PLANTS AND NATURE
OF THE EXPERIMENTS.

Plants
Intercrossed

Weight.

the

Stock.

Height

Stock

Plants

Fresh

Height
Weight,

the

of

from
Weight.

a
or

with

of
same

a
the

Number

Cross

fertilised

Average

the

Average

Number

with

Height,

100.

of

of

—

offspring of\
Nicotiana tabacum
plants self-fertilised for three
generations and then crossed by|
a slightly different variety, com-^
pared with plants of the 4th
self-fertilised generation, grown
much crowded in pots, in heightj

12

31-53

12

17-21

as 100 to

54

—

offspring
Nicotiana tabacum
of
plants self-fertilised for three
generations and then crossed by
a slightly different variety, com-^
pared with plants of the 4th
self-fertilised generation, grown

much crowded

in pots, in

11

11

37

11

11

72

11

11

63

»>

»

66

weight

—

Nicotiana tabacum
offspring of
plants self-fertilised for three
generations and then crossed by
a slightly different variety, compared with plants of the 4th
self-fertilised generation, grown
in open ground, in height
.

20

48-74

.20

35-20

—

of
Nicotiana tabacum
offspring
plants self-fertilised for three
generations and then crossed by
a slightly different variety, compared with plants of the 4th
self-fertilised generation, grown
in open ground, in weight .

—

Anagallis collina offspring from i\\
red variety crossed by a blue
variety, compared with the selffertilised offspring of the red

3

27-62

3

18-21

'
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Is
r^J

II
INAMES OF PLANTS AND NATURE
OF THE EXPERIMENTS.

"^5

it's
2g

S B
cs ©

«^

2

-s^

II

—

offspring from a'
Anagallis collina
red variety crossed by a blue
variety, compared with the selffertilised offspring of the red

variety, in fertility

as

.

—

Primula veris

offspring from long-""
styled plants of the 3rd illegitimate generation, crossed by a
fresh
stock,
compared with
plants of the 4th illegitimate

7-03

3-21

8-66

7-33

and self-fertilised generation
Primula veris offspring from long-'

—

styled plants of the 3rd illegitimate generation, crossed by a
stock, compared
with
fresh

plants

and

of the

4th illegitimate

self-fertilised generation, in

.fertility

Primula veris

—offspring from

,

long-''

styled plants of the 3rd illegitimate generation, crossed by a
fresh
stock,
compared
with
plants of the 4th illegitimate

and

self-fei'tilised

generation, in

fertility in following

year

Primula veris (equal-styled,

.

red-"\

—

flowered variety) offspring from
plants self-fertilised
two|
for
generations and then crossed by a^
different variety, compared with
plants of the 3rd self-fertilised
generation

Primula veris (equal-styled,

—

red-')

flowered variety)
offspring from
two
plants
self-fertilised
for
generations and then crossed by a
different varietj',

compared with

plants of the 3rd self-fertilised
generation, in fertility
.

100 to

6
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In these three tables the measurements of fifty-seven
belonging to fifty-two genera and to thirty

species,

great natural families, are

given.

The species are
The number

natives of various parts of the world.

of crossed plants, including those derived from a cross
between plants of the same stock and of two different
and the number of self-ferstocks, amounts to 1,101
tilised plants (including a few in Table C derived
from a cross betweeii plants of the same old stock)
Their growth was observed from the germiis 1,076.
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 introductory
Bearing all these circumstances in mind, it
chapter.
may be admitted that we have a fair basis for judging
of the comparative effects of cross-fertilisation and of
self-fertilisation on the growth of the offspring.
It will be the most convenient plan first to consider
the results given in Table C, as an opportunity will thus
be afforded of incidentally discussing some important
;

points.

If the reader will look

column of

down the right-hand

he will see at a glance what an
extraordinary advantage in height, weight, and fertility the plants derived from a cross with a fresh stock
or with another sub- variety have over the self-fertilised
this table,

plants, as well as over the intercrossed plants of the

same old stock. There are only two exceptions to this
In the case of
rule, and these are hardly real ones.
Eschscholtzia, the advantage is confined to fertility.
In that of Petunia, though the plants derived from a
cross 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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been shown that the
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

in

It

fertility.

has, however,

superiority of these intercrossed plants in height
;

the intercrossed plants.

Before we consider in detail the several cases given
some preliminary remarks must be made.

in Table C,
is

the clearest evidence, as we shall presently

see, that

the advantage of a cross depends wholly on

There

the plants differing somewhat in constitution

and that
the disadvantages of self-fertilisation depend on the two
parents, which are combined in the same hermaphrodite
flower,

having a closely similar constitution.

amount

;

A

certain

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
This obviously holds good between the
constitution.
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
There can hardly be a doubt that the
constitution.
differences of all kinds between the individuals and
;

varieties of the

same species dep end

largely,

and

as I

believe exclusively, on their progenitors having been

though the conditions
which the individuals of the same species are exposed 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
subjected to different conditions

to

;
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but this can hardly bo 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 surrounding plants absorb different amounts of various substances 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 somewhat different conditions, and the plants produced
from such seeds will intercross with the old residents,

thus mingling their constitutional peculiarities in

all

sorts of proportions.

Plants when

first

subjected to culture, even in their

native country, cannot

fail to

be exposed to greatly

changed conditions of life, more especially from
growing in cleared ground, and from not having to
compete with many or any surrounding plants. They
thus enabled to absorb whatever they require
which the soil may contain. Fresh seeds are often
brought from distant gardens, where the parentplants have been subjected to different conditions.
Cultivated plants like those in a state of nature
frequently intercross, and will thus mingle their
On the other hand, as
constitutional peculiarities.
long as the individuals of any species are cultivated 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

are
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seeds sown at

the same time in a garden have generally been matured

during the same season and in the same place and in
this respect they differ much from the seeds sown by
Some exotic plants are not
the hand of nature.
frequented by insects in their new home, and thereand this appears to be a
fore are not intercrossed
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 pots was becoming dry and both lots
end of the pot will have received a little more
In the successive
light than those at the other end.
generations, the plants were subjected to somewhat

the

soil in

;

at one

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

related, would almost
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
With the plants which were self-fertilised
varieties.

first

parents, which were not

certainly have differed

;

;

during the successive generations, this latter important
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source of some diversity of constitution will have been

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
wholly eliminated

;

;

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

case of Nicotiana, Iberis, the red variety of Primula, the

common

Pea, and perhaps Anagallis, the plants which

may

be ranked as distinct varieties or
same species but with Ipomoea,
Mimulus, Dianthus, and Petunia, the plants which
were crossed

sub-varieties of the

;

were crossed differed exclusively in the tint of their
flowers

;

and as a large proportion of the plants raised

from the same

purchased seeds thus varied, the
be estimated as merely individual.
Having made these preliminary remarks, we will now
consider in detail the several cases given in Table C,

differences

lot of

may

and they are well worthy of
(1.)

Ipomoea purpurea.

—

full consideration.

Plants growing in the same

to the same
were intercrossed for nine consecutive
generations.
These intercrossed plants thus became in
pots,

and subjected in each generation

conditions,

the later generations

more

or less closely inter-related.

Flowers on the plants of the ninth intercrossed generation were fertilised with pollen taken from a fresh
stock, and seedlings thus raised. Other flowers on the

same intercrossed plants were fertilised wdth pollen
from another intercrossed plant, producing seedlings of
the tenth intercrossed generation.
These two sets of
s
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seedlings were grown in competition with one another,

and

differed greatly in height

and

fertility.

For the

offspring from the cross with a fresh stock exceeded in

height the intercrossed plants in the ratio of 100 to 78

and

this

crossed

is

;

nearly the same excess which the inter-

had over the

self-fertilised plants in all

ten

The

generations taken together, namely, as 100 to 77.

plants raised from the cross with a fresh stock were
also greatly superior in fertility to the intercrossed,

namely, in the ratio of 100 to 51, as judged by the
relative weight of the seed-capsules produced by an
equal number of plants of the two sets, both having
It should be
been left to be naturally fertilised.
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

we may infer from the structure of the
and from the frequency of the visits of humbleAnd so it will have been with the parent-plants

generations, as
flowers
bees.

The whole great difference in height
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
of the fresh stock.

and

fertility

the same old stock.

This species offers another interesting case.
five first

In the

generations in which intercrossed and

fertilised plants

self-

were put into competition with one

another, every single intercrossed plant beat

its self-

except in one instance, in which
they were equal in height. But in the sixth genefertilised antagonist,

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-

ClIAl'.
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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 distinct plants does not

by

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
A similar trial was made with the descendants
stock.
of Hero in the following generation, and with the same

itself benefit

the offspring.

But the trial cannot be fully trusted, owing
extremely unhealthy condition of the plants.
Subject to this same serious cause of doubt, even a
cross with a fresh stock did not benefit the greatgrandchildren of Hero and if this were really the case,

result.

to the

;

it is

the greatest anomaly observed by

experiments.
(2.)

Mimulus

luteus.

me

—During the three

in all

first

my

genera-

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

tions the intercrossed plants

varieties,

began

fertilised plants.

to prevail, especially

amongst the

This variety transmitted

its

self-

characters

with remarkable fidelity, so that all the plants in the
later self-fertilised generations

belonged to

These

it.

consequently exceeded the intercrossed plants considerably in height.

Thus

in the seventh generation the

intercrossed plants were to the self-fertilised in height
as

100 to 137.

It is a

more remarkable

fact that the
s

2

;

260
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the sixth generation had become

than the intercrossed plants, judging
by the number of capsules spontaneously produced, in
the ratio of 147 to 100. This variety, which as we

much more

fertile

have seen appeared amongst the plants of the fourth
self-fertilised

generation, resembles in almost all its

constitutional peculiarities the

Hero,

variety called

which appeared in the sixth self- fertilised generation
of Ipomoea.

No

other such case, with the partial ex-

ception of that of Mcotiana, 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.
seeds thus

obtained,

plants

From

derived from

a

the

cross

between the self-fertilised plants, and others of the
But
seventh self-fertilised generation, were raised.
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 Ipomoea, of the grandchildren
of Hero, and apparently of its great-grandchildren
for the seedlings raised

by intercrossing these plants

were not in any way superior to those of the corresponding generation raised from the self-fertilised
Therefore in these several cases the crossing
flowers.
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 selffertilised generation.

Secondly, two of the plants of the

TABLE

Chap. VII.

eighth

self- fertilised

261

0.

generation were intercrossed one

with another, as in the experiment above referred to;
but this was now effected on plants which had been
subjected

to

two additional generations of

self-fer-

Thirdly, the same plants of the eighth self-

tilisation.

generation were crossed with pollen from

fertilised

plants of a fresh stock brought from a distant garden.

Numerous

plants were raised from these three sets of
and grown in competition with one another.
The plants derived from a cross between the self- fertilised plants exceeded in height by a little the selffertilised, viz., as 100 to 92; and in fertility in a greater
degree, viz., as 100 to 73.
I do not know whether
this difference in the result, compared with that in the
previous case, can be accounted for by the increased
deterioration of the self-fertilised plants from two
additional generations of self-fertilisation, and the
consequent advantage of any cross whatever, although
merely between the self-fertilised plants. But however
seeds,

this

may

be, the effects of crossing the self-fertilised

plants of the eighth generation with a fresh stock were

extremely striking

for the seedlings thus raised

were
100 to
52 in height, and as 100 to 3 in fertility
They were
also to the intercrossed plants (derived from crossing
two of the self-fertilised plants of the eighth generation)
in height as 100 to 56, and in fertility as 100 to 4.
Better evidence could hardly be desired of the potent
influence of a cross with a fresh stock on plants which
had been self-fertilised for eight generations, and had
been cultivated all the time under nearly uniform
conditions, in comparison with plants self-fertilised
for nine generations continuously, or then once inter;

to the self- fertilised of the ninth generation as
!

crossed,
(3.)

namely in the

last generation.

Brassica oleracea.

— Some

flowers

on cabbage
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generation were

crossed with pollen from a plant of the same variety

brought from a distant garden, and other jfiiowers were
again self-fertilised. Plants derived from a cross with
a fresh stock and plants of the

generation were thus raised.

third self-fertilised

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.

—

Seedlings from a crimson
(4.) Iheris umhellata.
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
I

fertility.

am

surprised that this cross with another
still more strongly marked
some intercrossed plants of the

variety did not produce a
beneficial effect

crimson

;

for

English variety, put into competition with

plants of the same variety self-fertilised during three

were in height as 100 to 86, and in
100 to 75. The slightly greater difference
in height in this latter case, may possibly be attributed
generations,

fertility as

to the deteriorating effects of self-fertilisation carried

on

for

two additional generations.

—

This plant offers an
californica.
almost unique case, inasmuch as the good effects of a
(5.) Esehscholtzia

cross or the evil effects of self-fertilisation are confined

to the

reproductive system.

Intercrossed and

self-

English stock did not differ
in height (nor in weight, as far as was ascertained,) in

fertilised plants of the

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
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manner. The parent-plants, however, of the English
stock produced many more seeds when fertilised with
pollen from another plant than when self-fertilised;
and in Brazil the parent-plants were absolutely sterile
unless they were fertilised with pollen from another
Intercrossed seedlings, raised in England from
plant.
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

off-

spring were, as before, inferior in height and weight to
the plants of the Brazilian stock after two generations of self-fertilisation,

in the most

but were superior to them

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 Ipomoea,

we have seen that the

plants derived from a cross with

a fresh stock were

superior in height as 100 to 78, and in fertility as 100
to 51, to the plants of the old stock, although these

had been intercrossed during the last ten generations.
With Eschscholtzia we have a nearly parallel case,
but only as far as fertility is concerned, for the plants
derived from a cross with a fresh stock were superior
in fertility in the ratio of 100 to 45 to the Brazilian
plants, which had been artificially intercrossed in
England for the two last generations, and which must
have been naturally intercrossed by insects during all
previous generations in Brazil, where otherwise they
are quite sterile.
(6.)

Dianthus

caryo^liyllus.

—Plants

self-fertilised
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were crossed with pollen from a
and their offspring were grown in compe-

for three generations

fresh stock,

tition with plants of the fourth self-fertilised generation.

The

crossed plants thus obtained were to the

self-fertilised in

height as 100 to 81, and in fertility
left to be naturally fertilised by

(both lots being

100 to 33.
These same crossed plants were also to the offspring from the plants of the third self-fertilised generation crossed by the intercrossed plants of the corresponding 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
insects) as

third generation,

when

crossed

by the intercrossed

plants of the old stock.
(7.)

Pisum

head of

sativum.

—

It has

country almost invariably
to

been shown under the

this species, that the several varieties in this

insects

fertilise

rarely visiting

themselves, owing

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 Ipomoea named Hero
for
in these two instances, crossing plants which had been
;

self-fertilised

benefit the

for

seven generations did not at

On

offspring.

between two

varieties

of the pea

causes a

and vigour of the
plants of the same

superiority in the growth

over the self-fertilised
as

all

the other hand, a cross

shown by two excellent observers.

marked

offspring,
varieties,

From my own
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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.
The sweet-pea is in the
(8.) Lathyrus odoratus.
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
except in the colour of their flowers, were to the selffertilised seedlings from the same mother-plant in
height as 100 to 80 and in the second generation as
100 to 88. Unfortunately I did not ascertain whether

—

;

crossing two plants of the same variety failed to pro-

duce any beneficial effect, but I venture to predict such
would be the result.
The intercrossed plants of
(9.) Petunia violacea.

—

the same stock in four out of the five successive generations plainly exceeded in height
plants.

The

latter

in the

crossed by a fresh stock,

fourth

generation were

and the seedlings thus obtained

were put into competition with the
of the fifth generation.

the self-fertilised

The

self-fertilised plants

crossed plants exceeded

the self-fertilised in height in the ratio of 100 to 66,

and in weight
though so great,

as
is

100 to 23
not

;

but this difference,

much greater than

that between

the intercrossed plants of the same stock in comparison

with the self-fertilised plants of the corresponding

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
generation.

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,

being naturally

fertilised, as

both lots

100 to 46, whereas the
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same stock were

to the self-

intercrossed plants of the
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 foriner 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
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
is

interesting, as

intercrossed

it

for the

previous generations.

five

We

with Eschscholtzia and Dianthus, that the
mere act of crossing, independently of the state of the
crossed plants, has little efficacy in giving increased
here

see, as

fertility to

good, as

The same conclusion holds

the offspring.

we have already

seen, in the analogous cases of

Ipomoea, Mimulus, and Dianthus, with respect to height.
(10.) Nicotiana tahaeum.

—My

plants were remark-

and the capsules from the self-fertilised
flowers apparently yielded more seeds than those which

ably

self-fertile,

were

cross-fertilised.

No

insects were seen to visit the

and I 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
flowers in the hothouse,

;

stock did not uniformly exceed in height the
lised seedlings.

But the

case

is

self-ferti-

complicated by indi-

vidual plants having different constitutions, so that some

and self-fertilised seedlings raised at the
same time from the same parents behaved differently.of the crossed
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be, plants raised

from

self-fertilised

plants of the third generation crossed by a slightly
different sub-variety,

weight the

exceeded greatly in height and

self-fertilised plants of

the fourth genera-

and the trial was made on a large scale. They
exceeded them in height when grown in pots, and not
much crowded, in the ratio of 100 to 66 and when
much crowded, as 100 to 54. These crossed plants, when
thus subjected to severe competition, also exceeded
the self-fertilised in weight in the ratio of 100 to 37.
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. Nevertheless, strange as is the fact, the flowers on the
tion

;

;

mother-plants of the third self-fertilised generation

when they were

did not yield more seed

crossed with

pollen from plants of the fresh stock than

were

when they

self-fertilised.

(11.) Anagallis

variety crossed

collina.

—Plants

by another plant

were in height to the

raised

of the

from a red

same variety

self-fertilised plants

red variety as 100 to 73.

When

from the

the flowers on the

red variety were fertilised with pollen from a closely
similar blue-flowered variety, they yielded double the

number

of seeds to

what they did when crossed by

pollen from another individual of the same red variety,

and the seeds were much finer. The plants raised
from this cross between the two varieties were to the
self-fertilised seedlings from the red variety, in height
as 100 to 66, and in fertility as 100 to 6.
Some flowers on long-styled
(12.) Primula veris.

—

plants of the third illegitimate generation were legiti-

mately crossed with pollen from a fresh stock, and
From
others were fertilised with their own pollen.
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
•

In this

year.

however, we have no means of

case,

distinguishing between the evil effects of illegitimate
fertilisation

continued during four generations (that

is,

by pollen of the same form, but taken from a distinct
plant) and strict self-fertilisation.
But these two
perhaps do not differ so essentially as at
In the following experiment any doubt arising from illegitimate fertilisation
was completely eliminated.
processes
first

appears to be the case.

(13.)

variety).

Primula

veris.

(Equal-styled,

—Flowers on plants of the second

red-flowered
self-fertilised

generation were crossed with pollen from a distinct
variety or fresh stock, and

fertilised

others were

again

Crossed plants and plants of the third

fertilised.

thus raised

;

and in

all

of legitimate origin,

fertility (as

judged by the number

of capsules produced, together with the average

number

of seeds) as 100 to 11.

Summary

self-

were
and the former was to the latter in height

generation,

as 100 to 85,

self-

of the Measurements in

table includes the heights

Table

C.

—This

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
These 597 plants belong to thirteen species
stock.
and twelve genera. The various precautions which
were taken to ensure a fair comparison have already
If we now look down the right-hand
been stated.
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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how wonderfully

are both to the self-fertilised

plants of the same stock.

and

With

superior they

to the intercrossed

respect to height and

weight, there are only two exceptions to

the

rule,

namely, with Eschscholtzia and Petunia, and the
latter is probably no real exception.
Nor do these
two species offer an exception in regard to fertility,
for the plants derived from the cross with a fresh stock
were much more fertile than the self-fertilised plants.
The difference between the two sets of plants in the
table

is

generally

height or weight.

much

On

greater in fertility than in

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

no doubt that plants
immensely, though in different ways, by a cross

cases in this table, there can be
profit

with a fresh stock or with a distinct sub-variety.

It

cannot be maintained that the benefit thus derived is
due merely to the plants of the fresh stock being perfectly healthy, whilst those which had been long intercrossed or self-fertilised had become unhealthy for in
most cases there was no appearance of such unhealthiness, and we shall see under Table A that the intercrossed 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 self-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 Ipomoea named Hero offer
instances of this rule. Again, plants self-fertilised
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only to a small extent

profit

same stock

cross with intercrossed plants of the

comparison with the
Plants of the same
effects of a cross by a fresh stock.
stock intercrossed during several generations (as with
(as in the case of Dianthus), in

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

my

succeeding generation in the course of

experi-

ments, so that they can never or most rarely have

any evil from self-fertilisation (as with Eschand Ipomoea), 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

suffered

scholtzia

is

The

beneficial to the offspring.

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
crossed, if their progenitors

when
But

several generations to different conditions.
latter subject I shall

inter-

have been exposed during
to this

have to recur in a future chapter.

Table A.

We

will

now turn

lates to crossed

stock.

and

to

our

first

which rethe same

table,

self-fertilised plants of

These consist of

thirty natural orders.

fifty-four species

The

total

belonging to

number

plants of which measurements are given

is

of crossed

796, and
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of self-fertilised plants
plants.

Some

809

211

A.

;

that

is

altogether 1,605

of the species were experimented on

during several successive generations and it should
be borne in mind that in such cases the crossed plants
in each generation were crossed with pollen from
;

another crossed plant, and the flowers on the selffertilised 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 generation to almost absolutely the same conditions, and
to nearly the same conditions in the successive generations.
It would have been a better plan in some re
spects if I 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-

done with the plants in Table
by this procedure I should have learnt how much
the offspring became deteriorated through continued
ferent conditions, as was

C

;

for

self-fertilisation in

the successive generations.

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 generations

some advantage

time they

may be

ever to the offspring.

the

self- fertilised

to the offspring, yet that after a

intercrossed with no advantage what-

Nor should

I

have learnt that

plants of the later generations might
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be crossed with intercrossed plants of the same stock
little or no advantage, although they profited to
an extraordinary degree by a cross with a fresh stock.

with

With

respect to the greater

number

of the plants

need here be said
full
particulars may be found under the head of each
in Table A, nothing special

;

by the aid of the Index. The figures in the
right-hand column show the mean height of the selffertilised plants, that of the crossed plants with which
species

they competed being represented by 100. No notice
here taken of the few cases in which crossed and
self-fertilised plants were grown in the open ground,
is

compete together. The table includes,
we have seen, plants belonging to fifty-four species,
but as some of these were measured during several

so as not to
as

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
that

be considered as practically equal.
is,

height

of self-fertilised
is

Of such cases,
mean

plants of which the

expressed by figures between 95 and 105,

there are eighteen, either in some one or all the gene-

There are eight cases in which the selfexceed 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
rations.

fertilised plants

higher degree.
If the relative heights of the crossed

and

self-fertilised

plants had been due to mere chance, there would have
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been about as many cases of self-fertilised plants
exceeding the crossed in height by above five per cent,
but
as of the crossed thus exceeding the self-fertilised
;

we see that

of the latter there are fifty-seven cases,

of the former only eight cases

;

and

so that the cases in

which the crossed plants exceed in height the selffertilised in the above proportion are more than seven
times as numerous as those in which the self-fertilised
exceed the crossed in the same proportion. For our
special purpose of comparing the powers of growth
of crossed and self-fertilised plants, it may be said
that in fifty-seven cases the crossed plants exceeded

the

seJf-^fertilised

by more than

in twenty-six cases (18

them.

But we

shall

+ 8)

five

per cent., and that

they did not thus exceed

now show

that in several of these

twenty-six cases the crossed plants had a decided ad-

vantage over the
not in height

;

though

self-fertilised in other respects,

that in other cases the

mean

heights

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.
are not trustworthy,

Thus a very small residue
appear,

is

left in

which the selfexperiments

my

fertilised

plants

serve, to

be really equal or superior to the crossed

as far as'

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.

;

making altogether twenty-six
T
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cases in which the crossed plants were not taller than

the self-fertilised plants in any

marked degree.

—

This plant was
(I.) Dianthus caryophyllus (third generation).
experimented on during four generations, in three of which the
crossed plants exceeded in height the self-fertilised generally by
much more than five per cent. and we have seen under Table
;

that the offspring from the plants of the third self-fertilised
generation crossed by a fresh stock profited in height and fer-

C

an extraordinary degree. But in this third generation
the crossed plants of the same stock were in height to the selffertilised only as 100 to 99, that is, they were practically equal.
tility to

Nevertheless,

when the eight crossed and eight self-fertilised
down and weighed, the former were to the latter

plants were cut

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
cause of the self-fertilised plants of the third generation, though
so light and thin, growing up so as almost to equal the crossed
in weight as 100 to 49

!

;

in height, I cannot explain.
(2.) Lobelia

falgens (first generation).— The crossed plants of
were much inferior in height to the self-fertilised,

this generation

in the proportion of 100 to 127. Although only two pairs were
measured, which is obviously much too few to be trusted,
yet from other evidence given under the head of this species,
it is certain that the self-fertilised plants were very much
more vigorous than the crossed. As I used pollen of unequal
maturity for crossing and self-fertilising the parent-plants, it is
possible that the great difference in the growth of theii' 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-thi-ee self-fertilised plants as 100 to 91.
We can therefore hardly doubt that a cross is beneficial to this
sjjecies.

—

Eight crossed plants
(3.) Petunia violacea (third generation).
were to eight self-fertilised of the third generation in average
and at an early age the crossed were
height as 100 to 131
But it is a remarkable
inferior even in a still higher degree.
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 prucedmg and two succeeding generations, as well as
;
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with plants raised by a cross witli a fresh stock, the crossed

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 plants grew prematurely, owing to the seeds of the last generation not having
been well ripened for I have observed an analogous case with
Self-fertilised seedlings of this latter plant, which were
Iberis.
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
Some of these same seeds of the Iberis
retain their advantage.
were sown on the opposite sides of pots filled with burnt earth
and pure sand, not containing any organic matter and now the
young crossed seedlings grew during their short life to double
the height of the self-fertilised, in the same manner as occurred
with the above two sets of seedlings of Petunia which were much
crowded and thus exposed to very unftivourable conditions. We
have seen also in the eighth generation of Ipomoea that selffertilised 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.
Four sets of measure(4, 5, 6.) Eschscholtzia californica.
ments are given in Table A. In one of these the crossed plants
greatly exceeded the self-fertilised in height, weight,

;

;

;

—

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. and in the fourth case the self-fertilised exceeded the

exceed the

;

We have seen in Table C that the
whole advantage of a cross by a fresh stock is confined to the
number of seeds produced, and so it was with the disadvantage
from self-fertilisation with the intercrossed plants of the same
stock compared with the self-fertilised, for the former were in
fertihty to 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-fertihsed the flowers in this latter case

crossed by above this limit.

;

being often quite

We may

therefore conclude that a
does not give to the crossed
seedlings increased powers of growth.
cross does

sterile.

some good, though

it

T 2
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fifteen inter-

crossed plants to that of the fifteen self-fertilised plants was only

but the former prodnced many more capsules than
Moreover, the flowers on the
parent-plants which were crossed and self-fertilised, yielded seeds
on one occasion in the proportion of 100 to 38, and on a second
occasion in the proportion of 100 to 58. So that there can be
no doubt about the beneficial effects of a cross, although the
mean height of the crossed plants was only three per cent, above
as 100 to 97

;

the latter, in the ratio of 100 to 77.

that of the self-fertilised plants.

—

Only the four tallest of the crossed
(8.) Specularia speculum.
and the four tallest of the self-fertilised plants, growing in four
pots, were measured and the former were to the latter in height
;

as 100 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 superioriiy in the crossed plants.
The
flowers on the parent-plants which were crossed with pollen from
another plant yielded seeds compared with the self-fertilised
flowers in the ratio of 100 to 72.
We may therefore draw the
same conclusion as in the last case with respect to a cross being
decidedly beneficial.

—

Only four crossed and four selfwere raised and measured, and the former were
to the latter in height as 100 to 102.
So small a number of
ineasurements ought never to be trusted and in the present instance the advantage of the self-fertilised over the crossed plants
depended almost entirely on one of the self- fertilised plants
having grown to an unusual height. All four crossed plants
(9.)

Bonujo

officinalis,

fertilised plants

;

opponents.

The

flowered before

their

fertilised flowers

on the parent-plants in comparison with the

self-fertilised

self-fertilised flowers yielded seeds in the

So that here again we
two last cases.

may draw

cross-

proportion of 100 to 60.

the same conclusion as in the

— Only

two crossed and two selfand the former were to the latter in
height as 100 to 104. On the other hand, fruits from the crossfertilised flowers on the parent-plants contained seeds in number,
compared with those from the self-fertilised flowers, in the pro(10.)

Passijioo'a

fertilised plants

gracilis.

were raised

;

portion of 100 to 85.
(11.) Phaseolus multijiorus.

—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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they flowered in both pots before them.

therefore probable that they

had some

real

It is

advantage over th«

self-fertilised plants.

(12.)

Adonis

cestlvalis.

— The

four crossed plants were almost

exactly equal in height to the four self-fertilised plants, but as
so 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

which they were raised and
compared, ought to have given a trustworthy result. But from
some unknown cause they grew very unequally, and tliey became so unhealthy that only three of the crossed and three
of the self-fertilised plants set any seeds, and these few in
number. Under tliese circumstances the mean height of neither
lot can be trusted, and the experiment is valueless.
The crossfertilised flowers on the parent-plants yielded rather more seeds
plants, considering the care with

than the self-fertilised flowers.
The six crossed plants were to the
(14.) TImnhergia aJata.
six self-fertilised in height as 100 to 108.
Here the self-fertilised
plants seem to have a decided advrintage 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 semisterile condition.
Under these circumstances the superiority of
the self-fertilised plants cannot be fully trusted.
The five crossed plants were to the five
(15.) Nolana prostrata.
so that the latter seem
self- fertilised in height as 100 to 105
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 contained were heavier than an equal number from the self-fertilised
capsules in the ratio of 100 to 82.
Only four pairs were raised, and the
(16.) Hibiscus africanus.
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.

flowers on the parent-plants were,
.

more productive than the

The

cross-fertilised

on the other hand, rather

self-fertilised flowers.

—

A few plants (number not recorded) derived from flowers believed to have been crossed by
(17.)

Apium

petroselinum.

;
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and a few self-fertilised plants were grown on the opposite
They attained to a nearly equal height, the
crossed having a very slight advantage.

insects

sides of four pots.

Vandellia

(18.)

nummular ifolia.

—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
The experiment was repeated, with the sole
as 100 to 99.
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.

grown

The above-mentioned twenty crossed plants were

also

in competition with twenty self-fertilised plants raised

from the closed or cleistogamic flowers, and their heights were as
100 to 94. Therefore had it not been for the fii'st trial, in which
the crossed plants were to the self-fertilised in height only as
100 to 99, this species might have been classed with those in
which the crossed plants exceed the self-fertilised by above five
per cent. On the other hand, the crossed plants in the second
trial bore fewer capsules, and these contained fewer seeds, than
did the self- fertilised plants, all the capsules having been

produced by cleistogamic flowers. The whole case therefore must
be

left

doubtful.

Pisum

(common pea).

—

Four plants derived from
same variety were in height
to four self-fertilised plants belonging to the same variety as 100
Although this cross did no good, we have seen under
to 115.
Table C that a cross between distinct 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 to their having been
for many generations, and in each generation
self- fertilised
gi'own under nearly similar conditions.
(19.)

sativum,

a cross between individuals of the

;

(20, 21, 22.)

Carina ivarscewiczi.

generations were observed, and in

approximately equal to the

—Plants
all

belonging to three

of three the crossed were

self-fertilised

;

the average height of

the thirty- four crossed plants being to that of the same number
Therefore the crossed
of self-fertilised plants as 100 to 101.
plants had no advantage over the self- fertilised and it is pro;

bable that the same explanation here holds good as in the caise
of Pisum sativum ; for the flowers of this Canna are perfectly
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and were never seen to be visited by insects in the
hothouse, so as to be crossed by them. This plant, moreover,

self-fertile,

has been cultivated under glass for several 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

was

;

so that in this respect crossing

beneficial.

—

The offspring of plants, some of
(23.) Primula sinensis.
which were legitimately and others illegitimately fertilised with
pollen from a distinct plant, were almost exactly of the same
height as the offspring of self-fertilised plants but the former
with rare exceptions flowered before the latter. I have shown
;

my work

on heterostyled plants that this species is commonly
England from self-fertilised seed, and the plants from
having been cultivated in pots have been subjected to nearly

in

raised in

uniform conditions.

and changing
less

Moreover,

many

their character, so as to

them are now varying
become in a greater or

of

degree equal-styled, and in consequence highly

self-fertile.

Therefore I believe that the cause of the crossed plants not

exceeding in height the self-fertilised is the same as in the two
previous cases of Fisum sativum and Canna.
Four sets of measurements
(24, 25, 26.) Nicotiana tahacum.

—

were made

;

in one, the self-fertilised plants greatly exceeded in

height the crossed, in two others they were approximately equal

and in the fourth were beaten by them but this
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.
to the crossed,

;

latter case

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, so 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 lieight, 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
been

a cross between two plants, unless these have

self-fertilised

conditions

for

and exposed

many

to nearly the

generations,

gives

a

advantage of some kind to the offspring.

same
great

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
In twelve other cases (three trials with Eschplants.
scholtzia here included) the crossed plants either were
superior in height to the self-fertilised in all the other

generations excepting the one in question, or they

showed their superiority in some

different

in weight, fertility, or in flowering
cross-fertilised flowers

first

;

manner, as

or again, the

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
But even in the twelve cases just
higher degree.
referred to, the want of any advantage on the crossed
with Thunbergia the parentside is far from certain
plants were in an odd semi-sterile condition, and the
with Hibiscus and
offspring grew very unequally
Apium much too few plants were raised for the measurements to be trusted, and the cross-fertilised flowers of
Hibiscus produced rather more seed than did the selfwith Yandellia the crossed plants were a
fertilised
little taller and heavier than the self-fertilised, but as
they were less fertile the case must be left doubtful.
:

;

;
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Lastly, with Pisum, Primula, the three generations of

Canna, and the three of Nicotiana (which together
complete the twelve cases), a cross between two plants
certainly did no good or very little good to the offspring but we have reason to suspect that this is the
result of these plants having been self-fertilised and
cultivated under nearly uniform conditions for several
generations. The same result followed with the experimental plants of Ipomoea 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
by

these species in their normal condition profit greatly

being intercrossed. There is, therefore, not a single
case in Table A which affords decisive evidence against
the rule that a cross between plants, the progenitors of

which have been subjected to somewhat diversified
conditions,

is

beneficial

to the offspring.

This

is

a

surprising 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-

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 generation 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 selffertilisation

;

fertilised plants.

But

in

those cases in which

species were observed during

plants of the same

several generations, a

general average of their heights in all the generations

together

may

given in Table

made

be

A

;

for

;

and

such

averages

are

instance, under Ipoma\a 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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This having been done in each case in which

plants.

more than one generation was

raised,

it

is

easy to

calculate the average of the average heights of the

crossed and

plants

self-fertilised

included in Table A.

It should

of all

the species

however be observed

that as only a few plants of some species, whilst a

considerable

value of the

very different. Subject to this source of
be worth while to give the mean of the

species

is

error, it

may

mean

number of others, were measured, the
mean or average heights of the several

heights of the fifty-four species in Table

the result

is,

mean

calling the

of the

A

;

and

mean heights

of the crossed plants 100, that of the self-fertilised
plants

is

But

87.

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,

and self-fertilised plants
and of such species there
are twelve about which nothing need be said, the
of 100

;

so that the crossed

are approximately equal

mean

of the

;

mean

of course very

heights of the self-fertilised being
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

100 to 109. Therefore if we exclude
the species which are approximately equal, there are

self-fertilised as
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mean

thirty-seven species in which the

mean

of the

heights of the crossed plants exceeds that of the
fertilised

only

five

self-

by twenty-two per cent. whereas there are
species in which the mean of the mean heights
;

of the self-fertilised plants exceeds that of the crossed,

and

this only

The

by nine per

cent.

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

—

somewhat in constitution
by a comparison of the Tables A and C.

certainly differ

supported

is

The

latter

table gives the results of crossing plants with a fresh

stock or with a distinct variety

;

and the superiority

the crossed offspring over the self-fertilised

much more

general and

much more

strongly

is

of

here

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 fiftyfour 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
of the self-fertilised in Table

C

is

to that

So that
plants by

as 100 to 74.

the crossed plants beat the self-fertilised

thirteen per cent, in Table A, and by twenty-six per
cent., or

double as much, in Table C, which includes

the results of a cross by a fresh stock.

Table B.

A

few words must be added on the weights of

the crossed plants of the same stock, in comparison
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 rio^ht

with the
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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
conclusive

manner than by

is

thus shown in a more

their relative heights.

But

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 seen they are likewise superior to them
in height, though inferior in fertility, the whole advantage of a cross being here confined to the reproductive system. With Yandellia 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 cleistogamic 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 the remaining
in weight, though not in height.
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
and in the few cases in which plants derived from a
cross with a fresh stock were weighed, the results are
this plan was not

;

;

;

similar or -even

more

striking.
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DlPFEBENCE BETWEEN CROSSED AND SeLF-FERTILISED PlANTS
Constitutional Vigour and in other resi-ects.

IW

—

Greater constitutional vigour of crossed plants The ciFects of great
crowding Conipetitiun with other kinds of plants Self-fertilised
Crossed plants generally
plants more liable to premature death
flower before the self-fertilised —Negative efiects of intercrossing
Cases described Transmission of the
flowers on the same plant
good effects of a cross to later generations Effects of crossing
Uniform colour of the flowers
plants of closely related parentage
on plants self-fertilised duiing several generations and cultivated
under similar conditions.

—

—

—

—
—

—

—

—

Greater constitutional Vigour of crossed Plants.
As in
all my experiments an equal number of crossed

almost

and

self-fertilised seeds, or

more commonly seedlings

just beginning to sprout, were planted on the opposite

sides

of the

with one another
fertility of

;

same pots, they had to compete
and the greater height, weight, and

the crossed plants

may

be attributed to

their possessing greater innate constitutional vigour.

Generally the plants of the two lots whilst very young
but afterwards the crossed
were of equal height
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
scojparius) 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
increasing advantage would tend to follow
still
from the stronger plants robbing the weaker ones
of nourishment

and overshadowing them.

This was

evidently the case with the crossed plants of Viola
color,

which

fertilised.

ultimately quite overwhelmed the

tri-

self-

But that the crossed plants have an inherent

was somewere planted
separately, not far distant from one another, in good
This was likewise shown in
soil in the open ground.
several cases, even wdth plants growing in close competition with one another, by one of the self-fertilised
plants exceeding for a time its crossed opponent, which
superiority, independently of competition,

times

well

when both

shown

lots

had been injured by some accident or was at first
sickly, but being ultimately conquered by it.
The
plants of the eighth generation of Ipomoea were raised
from small seeds produced by unhealthy parents, and
the self-fertilised plants grew at first very rapidly,
so that when the plants of both lots were about three
feet in height, the mean height of the crossed to that
of the self-fertilised was as 100 to 122
when they
were about six feet high the two lots were very nearly
equal, but ultimately when between eight and nine feet
;

in

height,

superiority,

the crossed

and were

plants asserted their usual

to the self-fertilised in height as

100 to 85.

The

constitutional superiority of the crossed over the

self-fertilised plants

third

was proved in another way in the

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.
self-fertilised seedlings

The

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 Ipomoea and Mimulus, by

on the opposite
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

sowing crossed and

self-fertilised seeds

sides of large pots in

such cases, the crossed seedlings exhibited a great
superiority in their power of growth over the selffertilised.
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After the germinating seedlings liad been planted
pairs on the opposite sides of several pots, the

remaining seeds, whether or not in a state of germination, 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
extremely severe competition and unfavourable condiIn such cases the crossed plants almost invaritions.
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
Those however in each row had to struggle
plants.
with the adjoining ones in the same row. When fully
grown, several of the tallest plants in each row were
The result was
selected, measured, and compared.
in several cases (but not so invariably as might have
been expected) that the crossed plants did not exceed
in height the self-fertilised in nearly so great a degree
as

when grown

in pairs in the pots.

Thus with the

plants of Digitalis, which competed together in pots, the
crossed were to the self-fertilised in height as 100 to

grown separately were only
Nearly the same result was observed
with Brassica. With Nicotiana tlie 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 subOn the
jected to but little competition, as 100 to 72.
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
70

as

;

whilst those which were

100 to 85.
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grew

in

pots

attributed

to

in

the

the hothouse
self-fertilised

;

but

28U

may

tliis

plants

be

more

being

more than the crossed,
were exposed to a cold and wet summer
Lastly, with one out of two series of Reseda odorata.
grown out of doors in rows, as well as with Beta
vulgaris, the crossed plants did not at all exceed the selffertilised 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 selffertilised plants, was shown on two occasions in a
curious manner, namely, with Iberis and in the third
tender, so that they suffered

when both

lots

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.

analogous

with plants of the

The

A

nearly

case was observed on two other occasions
first

generation of Mcotiana.

crossed plants always withstood

the injurious

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
effects of

Ipomoea, which were suddenly

self-fertilised plants of

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
which killed every single selfand intercrossed plant of the same old stock.
Nearly the same result followed with some crossed and

stock, survived a frost
fertilised

self-fertilised plants of

of the shoots of the

Viola tricolor.

crossed

Even the

tips

plants of Sarothamnus

u

;:
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the self-fertilised plants were killed half-

way down

to the ground, so that they were not able to
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

flower

three long rows of Eschscholtzia plants, consisting of
seedlings from a fresh stock, of intercrossed

crossed

seedlings of the same stock, and of self-fertilised ones,

were

unprotected during a severe winter, and

left

But

perished except two of the self-fertilised.
case

is

not so anomalous as

it

all

this

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,
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remarks

:

" It

is

very-

evident that the columns with the self-fertilised plants
include
plants

the
"

number

larger

of

exceptionally small

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 <i
;

fresh stock.

—

Period of Flowering. In some cases, as with Digitalis,
Dianthus, and Keseda, 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 exceeded in height the crossed plants, some of the latter
With a large number
failed to throw up flower-stems.
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

and when a record was kept,
plant in each pot was alone
the flowering of the
although
more pairs grew in the same
two
or
observed,
of the species;

first

pot.

in

now give

I will

which the

first

three

—a second in

which the
and a
flowered at the same time.

one,

self-fertilised

S;pecieSy

plant,

—one

of the species

—

first

that flowered was a

third

of

those

which

of which, the first Plants that flowered were
of Crossed Parentage.

Ipomcea purpurea.
tions

lists,

plant that flowered was a crossed

many

fertilised

;

—I record in my notes that in

all

ten genera-

of the crossed' plants flowered before the self-

but no details were kept.

u 2
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luteus (First Generation).

—Ten
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flowers on the crossed

plants were fully expanded before one on the self-fertilised.

Mimulus

(Second and Third Generation).

luteus

— In both these

generations a crossed plant flowered before one of the
fertilised in all three pots.

Mimulus

luteus (Fifth Generation).

plant flowered

—In

all

self-

three pots a crossed

yet the self-fertilised plants, which

first;

belonged to the new tall variety, were in height to the
crossed as 126 to 100.
Mimulus 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.

—During

two successive seasons several

crossed plants flowered before the self-fertilised.

Brassica

(First

oleracea

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.

Iheris umbellata,
Eschsclioltzia

—In both pots a crossed plant flowered
—Plants derived from the Brazilian
flrst.

californica.

stock crossed by the English stock flowered in five out of

the nine pots
flowered

first

in four of them a self-fertilised plant
and not in one pot did an intercrossed plant

first
;

;

of the old stock flower
Viola tricolor.

—A

first.

crossed plant in five out of

the six pots

flowered before any one of the self-fertilised.

Dianthus caryophyUus (First Generation).

—In

two large beds

of plants, four of the crossed plants flowered before any one
of the self-fertilised.

Dianthus

caryophyUus (Second Generation).

crossed plant flowered

Dianthus

—In

both pots a

first.

caryophyUus (Third Generation).

the four pots a crossed plant flowered

—In

first

;

three out of

yet the crossed

were to the self-fertilised in height only as 100 to 99, but in
weight as 100 to 49.
Dianthus caryophyUus. 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.
^In three out of the four pots a crossed

Hibiscus africanus.

—
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plant flowered before any one of the self-fertilised
latter were to the crossed in height as 109 to 100.

;

yet the

—

A crossed plant flowered before any one of
the self-fertilised in three out of the four pots, and simul-

Tropssolum minus.

taneously in the fourth pot.
Limnanthes douylasii. A crossed plant flowered before any one
of the self-fertilised in four out of the five pots.
Phaseolus muUijiorm. In both pots a crossed plant flowered
first.

Specular ia

—
—
speculum, — In

all

four pots a crossed plant flowered

first.

Lobelia ramosa (First Generation).

—
—

In all four pots a crossed
plant flowered before any one of the self-fertilised.
Lobelia ramosa (Second Generation). In all four pots a crossed
plant

flowered

some days before any one of the

self-

fertilised.

Nemophila

insignis.

flowered

—In four out

of the five pots a crossed plant

first.

—

Borago officinalis. In both pots a crossed plant flowered first.
Petunia violacea (Second Generation). In all three pots

—

a

—A plant derived from

a cross with a fresh

crossed plant flowered

Nicotiana tahacnm.

first.

stock flowered before any one of the self-fertilised plants of

the fourth generation, in fifteen out of the sixteen pots.

Cyclamen persicum.

— During

two successive seasons a crossed

plant flowered some weeks before any one of the self-fertilised
in all four pots.

Primula

veris (equal-styled var.).

plant flowered

Primula

sinensis.

illegitimate

—In

all

three pots a crossed

first.

—In

cross

all four pots plants derived from an
between distinct 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.

—

Fagopyrum esculentum. A legitimately crossed plant flowered
from one to two days before any one of the self-fertilised
plants in all three pots.

—

Zea mays. In all four pots a crossed plant flowered first.
Phalaris canariensis. The crossed plants flowered before the
self-fertilised in the open ground, but simultaneously in the
pots.

—
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of which

the first Plants that flowered ivere of
Selffertilised Parentage.

Eschscholtzia californica (First Generation).

— The

crossed plants

were at first taller than the self-fertilised, but on their second
growth during the following year the self-fertilised exceeded

now they flowered first in three
out of the four pots.
Lupinus luteus. Although the crossed plants were to the selfyet in all three pots the
fertilised in height as 100 to 82
the crossed in height, and

—

;

self-fertilised plants flowered first.

Clarkia elegans.

—Although

the crossed plants were, as in the

100 to 82, yet in
the two pots the self-fertilised flowered first.
The crossed plants were to
Lobelia fulgens (First Generation).
the self-fertilised in height only as 100 to 127, and the latter
flowered much before the crossed.
last case, to the self-fertilised in height as

—

Petunia violacea (Third Generation).

—The

crossed plants were

to the self-fertilised in height as 100 to 131,

and in three

out of the four pots a self-fertilised plant flowered first in
the fourth pot simultaneously.
Petunia violacea (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 flowered
first
in the fourth pot simultaneously, and only in the fifth
did a crossed plant flower first.
Nicoti.ana tahacum (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.
Nicotiana tahacum (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.
warsceiviczi.
In the three generations taken together the

—

Cnnna

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
first in nine out of the twelve pots.

flowered

Species in which the Crossed

and Selffertilised Plants

floivered almost siymdtaneously.

Mimuhis

luteus

(Sixth Generation).

inferior in height

and vigour

— The

crossed plants were

to the self-fertilised

plants

Chap. VIII.
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all

belonged to the

new

v/hite-flowered tall variety,

yet in only half the pots did the self-fertilised plants flower
first, and in the other half the crossed plants.
Viscaria oculata.

—The

than

crossed plants were only a

the self-fertilised
siderably more fertile,

100

(viz.,

as

yet

both

lots

to

97),

little taller

but conalmost

flowered

simultaneously.
Lathyrus odorutus (Second Generation). Although the crossed
plants were to the self-fertilised in height as 100 to 88, yet
there was no marked difference in their period of flowering.
Lobelia fulgens (Second Generation).
Although the crossed
plants were to the self-fertilised in height as 100 to 91, yet
they flowered simultaneously.
Nicotiaria tabacum (Third Generation).
Although the crossed
plants were to the self-fertilised in height as 100 to 83, yet
in half the pots a self-fertilised plant flowered first, and in
the other half a crossed plant.

—

—

—

These three

lists

include fifty-eight cases, in which

the period of flowering of the crossed and self-fertilised
plants was recorded.

plant flowered
in all
first,

One

;

first

In forty-four of them a crossed
either in a majority of the pots or

in nine instances a self-fertilised plant flowered

and

in five the two lots flowered simultaneously.

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 selffertilised and the intercrossed plants of the old stock
all three lots growing in the same ^ots.
Thus with
Mimulus and Dianthus, in only one pot out of ten, and
in Nicotiana in only one pot out of sixteen, did a selffertilised 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

Chap. VIII.

lists,

especially of

the second one, shows that a tendency to flower

first is

generally connected with greater power of growth, that
is,

But there

with greater height.

are

some remarkable

exceptions to this rule, proving that some other cause

Thus the crossed plants both of
comes into play.
Lupmus luteus and Glarhia elegans were to the selffertilised plants in height as 100 to 82, and yet the
In the third generation of Nicolatter flowered first.
three
all
generations of Canna, the
in
tiana, and
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 distinct individuals,
whether these were legitimately or illegitimately
crossed, flowered before the illegitimately self-fertilised
plants, although all the plants were of nearly equal

So it was with respect to height
and flowering with Phaseolus, Specularia, and Borage.
height in both cases.

The

crossed plants of Hibiscus were inferior in height

to the self-fertilised, in the ratio of

they flowered before the
the four pots.

On

100 to 109, and yet

self-fertilised in three

out of

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

weigh more, and

A
lists

grow to a greater height,
more fertile.

as to
to be

to

few other cases not included in the above three
In all three pots of Viola tricolor,

deserve notice.

naturally crossed plants the offspring of crossed plants

flowered before naturally crossed plants the ofl:spring
of self-fertilised plants.
self-fertilised

Flowers on two plants, both of

parentage, of the sixth

generation of

Mimulus luteus were intercrossed, and other flowers on
the same plants were fertilised with their own pollen

Chap. VIII.
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intercrossed

seedlings and seedlings of the

generation

self-fertilised

seventh
were thus raised, and the

latter flowered before the intercrossed in three out of

Flowers on a plant both of Mirnulus
and of Ipomoea purpurea were crossed with pollen
from other flowers on the same plant, and other flowers
the five pots.

luteus

were

fertilised

with their own pollen

;

intercrossed

seedlings of this peculiar kind, and others strictly
fertilised

being

Mimulus the

thus

In

raised.

the

case

self-

of

self-fertilised plants flowered first in

the

seven

out of the eight pots, and in the case of the Ipomcea
pots
so that an intercross
between the flowers on the same plant was very far
from giving to the ofl'spring thus raised, any advantage
in eight out of the ten

;

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
under Table C in the last chapter, it was

stock, given

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
distinct varieties which will almost certainly differ
somewhat in constitution, or on the progenitors of the
plants which are crossed, though identical in every
external character, having been subjected to somewhat
different conditions and having thus acquired some
;

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 conclusion just referred to, no good ought to result from
slight

;

;
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crossing flowers on the same plant.*
this conclusion is the fact that a

a distinct individual, and

is

Chap. VIII.

In opposition to
is in one sense

bud

capable of occasionally or

even not rarely assuming new external characters, as
well as

new

constitutional peculiarities.

Plants raised

from buds which have thus varied may be propagated
for a great length of time by grafts, cuttings, &c., and
sometimes even by seminal generation.! There exist
also numerous species in which the flowers on the
same plant differ from one another, as in the sexual
organs of monoecious and polygamous plants, in the

—

structure of the circumferential flowers in
positae,

Umbelliferae,

&c.,

—in

—

many Com-

the structure of the

—

some plants, in the two kinds of
flowers produced by cleistogamic species,
and in
These instances clearly
several other such cases.
prove that the flowers on the same plant have often
central flower

in

—

of one another in many imsuch variations having been fixed,

varied independently

portant respects,

* It is, however, possible that
the stamens which differ in length

same flower
pollen differing in

or construction in the

may produce

nature, and in this

might be made

manner a

effective

cross

between

the several flowers on the same
plant.
Mr. Macnab states (in a
to M. Verlot, La
des Varietes,' 18G5,
p. 42) that seedlings raised from
the shorter and longer stamens of
rhododendron differ in character
but the shorter stamens apparently are becoming rudimentary,
and the seedlings are dwarfs, so
that the result may be simply due
to a want of fertilising power in
the pollen, as in the case of the
dwaifed plants of Mirabilis raised
by Naudin by the use of too few
Analogous statepoUen-grains.

communication

'

Production

;

ments have been made with respect to the stamens of Pelargonium. With some of the Melastomacese, seedlings raised by me
from flowers fertilised by pollen
from the shorter stamens, certainly differed in appearance fi'om
those raised from the longer stamens, with differently coloured
anthers but here, again, there is
some reason for believing that the
shorter stamens are tending towards abortion. In the very different case of trimorphic lieterostyled plants, the two sets of stamens in the same flower have
widely different fertilising powers.
t I have given numerous cases
of such bud- variations in my 'Variation of Animals and Plants under Domestication,' chap. xi. 2nd
;

edit. vol.

i.

p. 448.
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like
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of species.

distinct
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during the develop-

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 distinct plant. Trials were carefully made on

genera belonging to four families and in only
namely. Digitalis, did the offspring from a
cross between the flowers on the same plant receive
five

;

one

case,

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 cross-fertilisation and self-fertilisation on the
productiveness of the parent-plants we shall arrive at
nearly the same result, namely, that a cross between
the flowers on the same plant does not at all increase
the number of the seeds, or only occasionally and to a
I will now give an abstract of the
slight degree.
results of the five trials which were made.
Seedlings raised from inter(1.) Digitalis purpurea.
crossed flowers on the same plant, and others from
flowers fertilised with their own pollen, were grown in
the usual manner in competition with one another on
the opposite sides of ten pots. In this and the four
following cases, the details may be found under the
head of each species. In eight pots, in which the
plants did not grow much crowded, the flower-stems
on sixteen intercrossed plants were in height to those
on sixteen self-fertilised plants, as 100 to 94. In the
two other pots in which the plants grew much crowded,
the flower-stems on nine intercrossed plants were in
height to those on nine self-fertilised plants, as 100
to 90. That the intercrossed plants in these two latter
pots had a real advantage over their self-fertilised

—

;
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opponents, was well shown by their relative weights

when

The mean

cut down, which was as 100 to 78.

height of the flower-stems on the twenty-five intercrossed plants in the ten pots taken together, was to

that of the flower-stems on the twenty-five self-fertilised

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 distinct
plants over the self-fertilised, this being in the ratio
of 100 to 70 in height.

show

Nor does

latter ratio

this

at all fairly the great superiority of the plants

derived from a cross between distinct individuals over

the

self-fertilised, as

twice as

much
(2.)

many

the former produced more than

flower-stems as the latter, and were

less liable to

premature death.

Ipomoea 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

and the former were
100 to 105. So that the
plants were a little taller than the inter-

of self-fertilised plants,

to the latter in height as
self-fertilised

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

have to recur in a future chapter. If we
the offspring from a cross between
distinct plants when put into competition with self-

cases, I shall

now

turn

to
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fertilised

plants,

we

find

that

the
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mean height

of

seventy-three such crossed plants, in the course of ten

was to that of the same number of
100 to 77 and in the case of
the plants of the tenth generation in weight as 100 to
Thus the contrast between the effects of crossing
44.
flowers on the same plant, and of crossing flowers on
generations,

self-fertilised plants as

distinct plants,
(3.)

is

Mimulus

;

wonderfully great.

luteus.

crossing flowers on

—Twenty-two

plants raised

by

the same plant were grown in

competition with the same number of self-fertilised
and the former were to the latter in height as

plants

100
100

;

to 95, or if four
to 101

;

and

dwarfed plants are excluded as
In seven out

in weight as 100 to 103.

of the eight pots a self-fertilised plant flowered before

any of the

intercrossed.

So that here again the

self-

fertilised exhibit a trifling superiority over the inter-

For the sake of comparison, I may
add that seedlings raised during three generations
from a cross between distinct plants were to the selfcrossed plants.

100 to 65.
Pelargonium zonale. Two plants growing in
separate pots, which had been propagated by cuttings
from the same plant, and therefore formed in fact
parts of the same individual, were intercrossed, and
other flowers on one of these plants were self-fertilised
but the seedlings obtained by the two processes did
not differ in height. When, on the other hand, flowers
on one of the above plants were crossed with pollen
taken from a distinct seedling, and other flowers were
self-fertilised, the crossed offspring thus obtained were
to the self-fertilised in height as 100 to 74.
A plant which had been
(5.) Origanum vulgare.
long cultivated in my kitchen garden, had spread by
stolons so as to form a large bed or clump.
Seedlings
fertilised plants in height as
(4.)

—

;

—

THE EFFECTS OF
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raised

by intercrossing

strictly consisted of the

flowers

same

Chap. VIII.

CllUSSIIs'G

on these plants, which

and other seedlings

plant,

raised from self-fertilised flowers, were carefully com-

pared from their earliest youth to maturity and they
did not difi'er at all in height or in constitutional
Some flowers on these seedlings were then
vigour.
;

crossed with pollen taken from a distinct seedling,

other

flowers were

self-fertilised

two fresh

;

seedlings being thus raised, which were the

and

lots

of

grand-

children of the plant that had spread by stolons and

formed a large clump in

much

self-fertilised as

my

These differed

garden.

the crossed plants being

height,

in

100 to 86.

They

to

the

differed, also, to a

wonderful degree in constitutional vigour. The crossed
plants flowered first, and produced exactly twice as
many flower- stems and they afterwards increased by
;

stolons to such an extent as almost to

overwhelm the

self-fertilised plants.

Beviewing 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 Origanum) does not differ from that of the strictest selffertilisation.

tilised plants

plants.

Indeed, in two of the cases the self-ferwere slightly superior to such intercrossed

With

Digitalis a cross between the flowers on

the same plant certainly did do some good, yet very
slight

compared with that from a

plants.

we bear

On
in

cross

between distinct

the whole the results here arrived

mind

at, if

that the flower-buds are to a certain

extent distinct individuals and occasionally vary independently of one another, agree well with our general
conclusion, that the advantages of a cross depend on
the progenitors of the crossed plants possessing somewhat different constitutions, either from having been
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exposed to different conditions, or to their having
unknown causes in a manner which we in
our ignorance are forced to speak of as spontaneous.

varied from

Hereafter I shall have to recur to this subject of the
inefficiency of a cross between the flowers on the same

when we consider the

plant,

part which insects play in

the cross-fertilisation of flowers.

On

the

and of

Transmission of the good Effects from a Cross

the evil Effects

from

Selffertilisation.

—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 crossed and the
self-fertilised

again

self-fertilised.

Firstly, seedlings

were raised from

self-fertilised

by crossed and self-fertilised plants of Nemo]phila 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 in both lots some were five times
seeds produced under a net

as tall as the others.

quite worthless

opposed to
in this

;

Therefore this experiment was

but I have

my general

felt

bound

and the two following

to give

it,

as

I should state that

conclusion.
trials,

both sets of plants

were grown on the opposite sides of the same pots, and
treated in all respects alike.

The

details of the experi-

ments may be found under the head of each species.
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 heartsease;
and as both produced an abundance of very fine capsules, the flowers on both were certainly cross-fertilised
by insects. Seeds were collected from both plants, and
Those from the crossed
seedlings raised from them.
plants flowered in all three pots before those from the
and when fully grown the former
self-fertilised plants
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
clearly

due

and period of flowering was
having been of crossed and
and it is equally clear that

to their parents

self-fertilised parentage
they transmitted different constitutional powers to their
offspring, the grandchildren of the plants which were
;

originally crossed

and

Thirdly, the Sweet

self-fertilised.

Pea (Lathyrus

tually fertilises itself in this country.
plants, the

odoratus) habi-

As

I possessed

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

grown in competition with each other in the
usual manner, and differed in their powers of growth.
Those from the self-fertilised plants which had been
crossed during the two previous generations were to
raised were

those from the plants self-fertilised during

many

pre-

These two
lots of seeds were likewise tried by being sown under
very unfavourable conditions in poor exhausted soil, and
the plants whose grandparents and great-grandparents
had been crossed showed in an unmistakable manner
In this case, as
their superior constitutional vigour.
in that of the heartsease, there could be no doubt that
vious generations in height as 100 to 90.

;
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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

some of Andrew Kniglit's
varieties of the common pea, which were raised by
crossing distinct varieties, after which time they no

as highly probable, from

doubt

fertilised

themselves in each succeeding gene-

These varieties
years, " but their glory

lasted for upwards

ration.

other hand, most

is

now

of the varieties of the

of sixty

On

the

common

pea,

departed." *

which there is no reason to suppose owe their origin
have had a much shorter existence. Some
also of Mr. Laxton's varieties produced by artificial
crosses have retained their astonishing vigour and
to a cross,

luxuriance for a considerable

number

of generations

Laxton informs me, his experience does
not extend beyond twelve generations, within which
period he has never perceived any diminution of vigour
but as Mr.

in his plants.

An

allied point

of inheritance

is

may be

here noticed.

As the

force

strong with plants (of which abundant

evidence could be given),

it is

almost certain that seed-

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 conditions a cross between the nearest relations would
not benefit the offspring so much as one between nonrelated plants.
In support of this conclusion we have
some evidence, as Fritz Miiller has shown by his

lings from the

;

* See the evidence on this
in my ' Variation under D(;-

head

mestication,' chap. ix. vol.
edit. p.

397.
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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
In one case, moreover, seedfertility of the offspring.
lings from such near relations possessed very weak
This same observer also found f three
constitutions.*
plants of a Bignonia growing near together. He fertilised 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 distinct 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 Miiller 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,

Table

A

the

fact

of the

intercrossed

plants

in

not exceeding in height the self-fertilised

plants in a greater and greater degree in the later
generations,

is

probably due to their having become

more and more closely

inter-related.

Uniform Colour of the Flowers on Plants, selffertilised
and grown under similar conditions for several Genera-

—At the commencement

tions

Mimulus
Dianthus caryophyllus, and
parent-plants

of

of

my

luteus,

experiments, the

Ij)omoea purpurea,

Petunia violacea, raised
from purchased seeds, varied greatly in the colour
*

'Jenai-che

Zeitsclirift

fiir

B. vii., pp. 22 and 45,
Naturw.
1872 and 1873, pp. 441-450.
Bot Zeitima:,' 1868, p. 626.
t
X Some remarkable rases are
Variation under
given in my
;

:

'

'

chap. xvii. 2nd
hybrids of
Gladiolus and Cistus, any one of
which could be fertilised by pollen
from any other, but nut by its

Domestication'

edit. vol. 2, p. 121) of

own

pollen.
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This occurs with many plants which
of their flowers.
have been long cultivated as an ornament for the
flower-garden, and which have been propagated by
The colour of the 'flowers was a point to which
seeds.
I did not at first in the least attend, and no selection
Nevertheless, the flowers
whatever was practised.
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 geneThe interrations under closely similar conditions.
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

Mimulus

observations.

luteus.

—A

tall variety,

bearing large, almost

white flowers blotched with crimson, appeared amongst
the intercrossed and self-fertilised plants of the third

and fourth generations.

This variety increased so

rapidly, that in the sixth generation of self-fertilised

every single one consisted of

plants

with

all

the

many

it.

plants which were raised,

was

So

it

up

to the

xVlthough this
appeared amongst the intercrossed plants,
yet from their offspring being intercrossed in each
succeeding generation, it never prevailed amongst
X 2
last or

variety

ninth self-fertilised generation.
first
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the flowers

on the several
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intercrossed

plants of the ninth generation differed considerably in
On the other hand, the uniformity in colour
colour.
of the flowers on the plants of all the later self-fertilised generations

was quite surprising

on a casual

;

inspection they might have been said to be quite alike,
but the crimson blotches were not of exactly the same
shape,

or

in

exactly

the same position.

Both

my

gardener and myself believe that this variety did
not appear amongst the parent-plants, raised from purchased 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
subjected, this particular variety, remarkable for its
colouring, largeness of the corolla, and increased
height of the whole plant, prevailed in the sixth and
the succeeding self-fertilised generations to the
complete exclusion of every other variety.
I^omoea j^ur^urea. 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-

all

—

ceeding generations, up to the last or tenth, all produced
coloured in the same manner. They were
absolutely uniform in tint, like those of a constant
flowers

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
This dark purple variety did not appear, as
far as my gardener and myself could recollect, before
seeds.

the
this

fifth or

sixth self-fertilised generation.

may have

self-fertilisation

been,

it

However

became, through continued

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 selffertilised may have borne flowers thus coloured
but
as several plants were self-fertilised in the first generation, it is extremely improbable that all bore flowers
of exactly the same tint as those of the self-fertilised
;

plants of the third generation.
of

the

third

The

intercrossed plants

generation likewise produced flowers

almost, though not quite so uniform in tint as those
of the self-fertilised plants.

Petunia violacea.
in

my

—In

this case I

happened

to record

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,
thereof a dull, rather peculiar and ugly flesh colour
I
fore, considerably unlike those on the parent-plant.
believe that this change of colour supervened quite
gradually but I kept no record, as the point did not
inteijest me until I was struck with the uniform tint
;

;
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of the flowers on the self-fertilised plants of the fifth

The

generation.

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,

The

almost white.

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

compared with
same time under

plants in a less degree, both lots being

a large

number

of plants raised at the

similar conditions from the self-fertilised plants of the

fourth generation crossed by a fresh stock.

I regret

that I did not attend to the uniformity in height of

the self-fertilised seedlings in the later generations of
the other species.

These few cases seem to me to possess much interest.
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 perWith Mimulus, not only a grotesque style of
mitted.
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 flowergarden, no character is more variable than that of
colour, excepting perhaps that of height.
From the

We

;

consideration

of these

cases

we may

infer that the

variability of cultivated plants in the above respects

being subjected to somewhat
their being
often inter-crossed, as would follow from the free access
I do not see how this inference can be
of insects.
avoided, as when the above plants were cultivated
for several generations under closely similar conditions,
is

due,

fiistly,

diversified

to their

conditions, and, secondly, to

and were intercrossed in each generation, the colour

Chap. VIII.

ON SELF-FERTILISED PLANTS.

311

some degree to change and to
become uniform. When no intercrossing with cither
that is, when
plants of the same stock was allowed,

of their flowers tended in

—

the flowers were fertilised with their

each generation

—their colour in the

own

pollen in

later generations

uniform as that of plants growing in a
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

became

as

state of nature,

cultivated plants treated in the ordinary

due

manner

are

which
they are exposed, I do not wish to imply that such
variations are caused by these agencies in any more
direct manner than that in which the most diversified
illnesses, as colds, inflammation of the lungs or pleura,
rheumatism, &c., may be said to be caused by exposure to cold.
In both cases the constitution of the
being which is acted on is of preponderant importance.
to difl'erences in the soil, climate, &c., to
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IX.

Cross-fertilisation and Self-fertilisation on
THE Production op Seeds.

Fertility of plants of crossed

and

self-fertilised parentage,

both

lots

— Fertility of the parent-plants
and of
crossed and
crossed and
—Com-

being fertilised in the same manner

when

first

fertilised

and

crossed

self-fertilised,

when again

offspring

tlieir

self-

self-fertilised

parison of the fertility of flowers fertilised with their

and with that from other flowers on the same plant
plants

own

pollen

— Self-sterile

of
—The appearance of highly
— Self-fertilisation apparently in some respects beneindependently of the assured production of seeds. —Kelative

— Causes

self-sterility

self-

fertile varieties
ficial,

weights and rates of germination of seeds from crossed and

self-

fertilised flowers.

The

present chapter

plants, as influenced
fertilisation.

branches

;

The

firstly,

devoted to the Fertility of

is

by

and

cross-fertilisation

subject

consists

of two

self-

distinct

the relative productiveness or fertility

and
shown by the proportional
number of capsules which they produce, together
of flowers crossed with pollen from a distinct plant

with their

own

pollen, as

with the number of the contained seeds.

Secondly,

the degree of innate fertility or sterility of the seedlings 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

from a distinct species and with

fertilised
its

own

with pollen
pollen

;

and
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the second place, the fertility of

its hybrid oiXThese two classes of cases do not always run
parallel
thus some plants, as Gartner has shown, can
be crossed with great ease, but yield excessively sterile
hybrids while others are crossed with extreme diffi-

in

spring.

;

;

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
plants

—that

is,

of

self-fertilised

plants raised from crossed

—

and

be convenient here first
to consider their relative fertility.
The cases observed
by me are given in the following table, D, in which
plants of crossed and self-fertilised parentage were left
to fertilise themselves, being either crossed by insects
It should be observed
or spontaneously self-fertilised.
that the results cannot be considered as fully trustworthy, 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
The number of the capsules produced
it is exposed.
and the number of the contained seeds, ought to have
been ascertained on a large number of crossed and selffertilised plants of the same age and treated in every
In these two latter respects my observarespect alike.
tions may be trusted, but a sufficient number of capsules
were counted only in a few instances. The fertility,
or as it may perhaps better be called the productiveness, 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
self-fertilised

seeds

it

will
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number of the capsules alone. Nevertheless, in the
more interesting cases, the seeds were also counted
or weighed.
The average number of seeds per capsule
is a more
valuable criterion of fertility than the
number of capsules produced. This latter circumstance 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

rarely

is

difference in the

sufficient

number

to

account for the

of the capsules produced.

It

need hardly be added that in the following table the
same number of crossed and self-fertilised plants are
Subject to the foregoing sources of
alwaj^s compared.
doubt I will now give the table, in which tlie parentage
of the plants experimented on, and the manner of
Fuller
determining their fertility are explained.
details may be found in the previous part of this work,
under the head of each species.
Table D.

— Relative Fertility of Plants of

Parentage, loth
tility

sets

crossed

and

self-fertilised

heing fertilised in the same manner.

judged of by various Standards.

That of

Fer-

the crossed Plants

talien as 100.

—

purpurea first generation : seeds per capsule
on crossed and self-fertilised plants, not growing much
crowded, spontaneously self-fertilised under a net, in
niimber

IpoMCEA

Ipomcea

purpurea

—

self-fertilised plants

case,

as

100 to

per capsule on crossed and
from the same parents as in the last

99

seeds

but growing much crowded, spontaneously
under a net, in number

self-

11

11

95

11

11

9^

fertilised

—

Ipomcea purpurea productiveness of the same plants, as
judged by the number of capsules produced, and average

number

of seeds per capsule

.

.

-

—

Ipomcea purpurea third generation: seeds per capsule
on crossed and self-fertilised plants, spontaneously selffertilised under a net, in number
Il'OMCEA

purpurea

—productiveness

of the

same plants,
and average

as judged by number of capsules produced,
number of seeds per capsule

—

;
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D —continued.

PURPUREA fifth generation : seeds per capsule
on crossed and self-fertilised plants, left uncovered in the
hothouse, and spontaneously fertilised

IPOMtEA

Ipomcea purpurea

—ninth generation

number

:

as

of capsules

on crossed plants to those on self-fertilised plants, si)ontaneously self- fertilised under a net

MiMULUS LUTEUS

—

an equal number of capsules on plantsN
descended from self-fertilised plants of the 8th generation crossed by a fresh stock, and on plants of the 9th'
generation, both sets having been left'
self-fertilised
uncovered and spontaneously fertilised, contained seeds,

by weight

J

—

MiMULUS LUTEUS productiveness
judged by number of cajjsules

of the same plants, as
produced, and average

weight of seeds per capsule

Vandellia NUMMULAR folia
I

cleistogamic flowers

—sceds

on the crossed

per capsule from!
and self-fertilised)

number

plants, in

Salvia coccinea
tiiised plants,

j

—crossed

plants,

produced flowers,

Iberis umbellata

— plants

compared with
in

number

.

self-fer-^l
.

.

./

uncovered in greenhouse
intercrossed plants of the 3rd generation, compared with
self-fertilised plants of the 3rd generation, yielded seeds,
in

left

number

Iberis umbellata
varieties,

— plants

compared with

from

a

cross

between two

self-fertilised plants of the

3rd

generation, yielded seeds, by weight

Papaver vagum

— crossed

and

self-fertilised

plants,

left'k

uncovered, produced capsules, in number

j

—

EscnsciiOLTZiA CALIFORNICA Brazilian stock; plants lefti
uncovered and cross-fertilised by bees; capsules on
iutercrossed plants of 2nd generation, compared withi
capsules on self- fertilised plants of 2nd generation, con-i
I

tained seeds, in

number

/

EsciTSCilOLTZiA CALIFORNICA

—

productiveness of the samej
plants, as judged by number of capsules produced, and>
average number of seeds per capsule
j

—

EscnsCHOLTZiA CALIFORNICA jjlants left uncovered and'
capsules on plants derived from
cross-fertilised by bees
intercrossed plants of 2nd generation of the Brazilian
stock crossed by English stock, compared with capsules
on self-fertilised plants of 2nd generation, contained
:

seeds, in

number

—

EscnscMOLTZiA CALIFORNICA productiveness of the samel
jtlauts, as judged by number of capsules produced, and)
average number of seeds per capsule

j

|

K

.
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Table
Reseda Odorata

Chap.

—

crossed and self-fertilised plants, left
uncovered and cross-fertilised by bees, prodr;
.apsules
'

number (about)
Viola tricolor crossed and
in

—

self-fertilised

plants,

left]

uncovered and cross-fertilised by bees, produced capsules

number
Delphinium consolida

>

in

left

)

—

crossed and self-fertilised plants,!
uncovered in the greenhouse, produced capsules in>

number
VlSCARiA OCULATA

)

—

crossed and self-fertilised plants, left"!
uncovered in the greenhouse, produced capsules in number/
DiANTHUS caryophyllus plants spontaneously self-ferti-l
lised under a net; capsules on intercrossed and self-f
fertilised plants of the 3rd generation contamed seeds in|

—

number
DiANTHUS caryophyllus

j

— plants

left uncovered and cross-^
from plants self-fertilised
for three generations and then crossed by an intercrossed plant of the same stock, compared with plants
of the 4th self-fertilised generation, produced seeds by
weight
DiANTHUS CARYOPHYLLUS plants left uncovered and crossoffspring from plants self-fertilised
fertilised by insects
^or
three generations and then crossed by a fresh
stock, compared with plants of the 4th self-fertilised
generation, produced seeds by weight
TROPiEOLUM MINUS crossod and self-fertilised plants, left^
uncovered in the greenhouse, produced seeds in number ./
LiMNANTHES DOUGLASil crossed and self-fertilised plants,
in greenhouse, produced capsules in
left uncovered

fertilised

by insects

:

oifspring

_

—

:

—

—

number (about)
LuPiNUS LUTEUS crossed and

—

self-fertilised plants of the

2nd generation, left uncovered in the greenhouse, produced seeds in number (judged from only a few pods)
Phaseolus multiflorus crossed and self-fertilised plants,

—

uncovered
number (about)
left

in

the

greenhouse,

produced

seeds

in

Lathyrus ODORATUS — crossed and

self-fertilised plants of
the 2nd generation, left uncovered in the greenhouse, but
certainly self-fertilised, produced pods in number

Clarkia elegans

—

crossed and self-fertilised plants, left"
uncovered in the greenhouse, produced capsules in number
Nemophila insignis crossed and self-fertilised plants,
covered by a net and spontaneously self-fertilised in the
greenhouse, produced capsules in number

—

—

\

left uncovered and cross-fertilised by'
plants of the 5th intercrossed and self-fertilised
generations produced seeds, as judged by the weight of an
equal number of capsules
J

Petunia violacea
insects

:

I

I
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D — continued.

uncovered as above: offspring of
and then crossed
by a fresh stock, compared with plants of the 5th self- ^ as 100 to
fertilised generation, produced seeds, as judged by the
weight of an equal number of capsules
!eft

l)lauts self-fertilised for four generations

Cyclamen persicum
uncovered

in the

— crossed and

self-fertilised plants,

greenhouse, produced capsules

Anagallis COLLINA —crossed and

46

left~i

number/

in

self-fertilised plants,

left"i

uncovered in the greenhouse, produced capsules in number/

Primula veris

—

uncovered in open ground and crossoffspring from plants of the ord
illegitimate generation crossed by a fresh stock, compared
with plants of the 4th illegitimate and self-fertilised
generation, produced capsules in number
fertilised

left

by insects

:

Same plants in the following year
Primula veris (equal-styled variety):

—

left uncovered in'
open ground and cross-fertilised by insects
offspring
from plants self-fertilised for two generations and then
crossed by another variety, compared with plants of the 3rd
self-fertilised generation, produced capsules in number
:

—

Primula veris (equal-styled var.) same plants average"!
number of seeds per capsule
/
Primula VERIS— (equal-styled var.) productiveness of thej
same plants, as judged by number of capsules produced)
and average number of seeds per capsule
j
;

This table includes thirty-three cases relating to
twenty-three species, and shows the degree of innate

parentage in comparison
both lots being
fertilised in the same manner.
With several of the
fertility of plants of crossed

with those of self-fertilised parentage

;

species, as with Esclischoltzia, Reseda,

Viola, Dian-

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 Ipomoea
and Dianthus, the plants were covered up, and both

thus, Petunia,

;

lots

were spontaneously

self-fertilised.

This also was

necessarily the case with the capsules produced

cleistogamic flowers of Yandellia.

by the
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fertility of the crossed plants is

represented in

the table by 100, and that of the self-fertilised by the

There are

other figures.

that of the crossed

which the fertility
approximately equal to

five cases in

of the self-fertilised plants

is

nevertheless, in four of these cases

;

the crossed plants were plainly

somewhat

taller

state that in

than the

and in the

taller,

self-fertilised.

some of these

five cases

But

fifth

I should

the fertility of

the two lots was not strictly ascertained, as the capsules

were not actually counted, from appearing equal in
number and from all apparently containing a full complement 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

both sets of plants were left to
was as 125 to 100
themselves under a net; and it is almost
;

fertilise

certain that the greater fertility of the self-fertilised

plants was here due merely to their having varied

and become

dichogamous, so as to mature
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 comThe most striking instances are those in
petition.
which plants derived from a cross with a fresh stock
are compared with plants of one of the later self-fertilised 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
The results most to be trusted are those
generation.
less strictly

their anthers

;
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in which the productiveness of the plants was ascer-

number

tained by the

by an

of capsules produced

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

mean

their

fertility is as

100

for the crossed plants,

The Primulacea?

to 59 for the self-fertilised plants.

seem eminently

from

liable to suffer in fertility

sell-

fertilisation.

The following

short table, E, includes

four

which have already been partly given in the
Table
Stocky

Stock,

E.

—Innate

Fertility of Plants

compared with

and with

from a

cases

last table.

Cross with a fresh

that of I>iterc7'0ssed Plants of the sarae

that of Self-fertilised Plants, all of the corre-

sponding Generation ; all these sets being fertilised in the same
manner. Fertility judged of by the number or lueight of seeds
produced by an equal number of Plants.
a a
the
with

Stock.

fertilised

of

from

Stock.

Intercrossed

Cross Fresb

Plants,

Plants

Plants

same

Self-

MiMULUS LUTEUS

—

the intercrossed plants are de-]
rived from a cross between two plants of the
8th self-fertilised generation. The self-fertilised [
plants belong to the 9th generation .
.
.J
|

100

4

3

100

45

40

100

45

33

100

54

46

.

EsCHSCHOLTZiA CALIFORNICA
self-fertilised plants

—

the intercrossed and^l
belong to the 2nd generation/

DiANTHUS CARYOPHYLLUS

— the intercrossed plants)

are derived from self-fertilised of the 3rd ge-|
neration, crossed by intercrossed plants of the>
3rd generation. The self-fertilised plants belong]

Petunia violacea
tilised plants

N,B.

—In

—

the intercrossed and self-fer-1
belong to the 5th generation
j
.

.

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
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
fertility

three lots of plants in each case were left freely exposed 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

self-fertilised plants of the two last tables,
only a few observations were made. In the seventh
and eighth generation of Ipomoea, the anthers in the

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
In the
flowers likewise tended to be monstrous.
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 Feriility of Flowers crossed loith Pollen from a
distinct

Plant and

tvith their

own

Pollen.

includes floivers on the Parent-plants,

This heading

and on

the crossed

and self-fertilised Seedlings of the first or a succeeding GeI will first treat of the parent-plants, which
neration.

—
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were raised from seeds purchased from nursery-gardens,
taken from plants growing in my garden, or
growing wild, and surrounded in every case by many
Plants thus circumindividuals of the same species.
or

commonly have been

intercrossed by
which were first experimented on will generally have been the product
Consequently any difference in the
of a cross.
fertility of their flowers, when crossed and self-fertilised, will have been caused by the nature of the
that is, whether it was taken from
pollen employed
a distinct plant or from the same flower. The degrees 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

stanced will

insects;

so that the

seedlings

;

or weighing.

Another element ought properly

have been taken
which
yielded capsules when they were crossed and self-fertilised; and as crossed flowers generally produce a
to

into account, namely, the proportion of flowers

larger proportion of capsules, their superiority in fer-

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 produce any effect, independently of its greater or less
potency.
A good illustration of the great difference
in the results which sometimes follows, if the number
of capsules produced relatively to the number of flowers
fertilised be included in the calculation, was afforded
by Nolana prostrata. Thirty flowers on some plants
of this species were crossed and produced twenty -seven
tility, if this

capsules, each containing five seeds

on the same plants were

;

thirty-two flt)wers

self-fertilised

and produced
Y

|
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only six capsules, each containing five seeds. As the
of seeds per capsule is here the same, the fertility of the crossed and self-fertilised flowers is given

number

F

100 to 100. But if the
capsules be included,
produce
flowers which
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
I should here state that it has been found conto 21.
in Table

as equal, or as
failed to

'

•

venient to reserve for separate discussion the cases of
flowers which are usually quite sterile with their own
pollen.

Table

F.

— Belative Fertility of the

Flowers on the Parent-plants
Experiments, ivhen fertilised with Pollen from a

used in

my

distinct

Plant and with

their

Number

hy the average

own

Pollen.

Fertility

of Seeds per Capsule.

Crossed Flowers taJcen as 100.

—

purpurea crossed
yielded seeds as (about)

Ipomcea

— crossed and
(by
VULGARIS — Crossed

MiMULUS LUTEUS
seeds as

LiXARiA

and

self-fertilised

flowers'!

J
self-fertilised flowers yielded!

-sveight)

(

and

flowers!

self-fertilised

yielded seeds as

Vandellia nummularifolia

— crossed

J

and

self-fertilised

flowers yielded seeds as

Gesxkria pendulina

— crossed

J

and

flowers)

self-fertiiised

yielded seeds as (by weight)

Salvia coccinea

—

/

crossed and self- fertilised flowers yielded)

seeds as (about)

— crossed and
yielded
Eschscholtzia californica — (English

Brassica

oleracea

/

flowers)

self-fertilised

seeds as

self-fertilised flowers yielded seeds as

j

stock) crossed anc

(by weight)

—

Eschscholtzia californica (Brazilian stock grown inl
England) crossed and self-fertilised flowers yielded seeds)
(by weight) as (about)
Di:LPHiNiu:M coxsolida

j

— crossed

and self-fertilisod flowers!
spontaneously produced, but result!
supported by other evidence) yielded seeds as
j
(self-fertilised capsules

.

.

.

Judged of

Fertility of

.

»
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VisCARiA

— crossed
OCULATA — crossed
OCULATA
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— continued.

and

flowers^

self-fertilised

yielded seeds as (by weight)

/
flowers
(crossed capsules compared on following year with spontaneously self-fertilised capsules) yielded seeds as
DiANTiius CARYOPHYLLUS crossed and self-fertiKsed flowers^
yielded seeds as
/

ViSCARiA

and

self-fertilised

.

—

Trop^olum

minus

— crossed

yielded seeds as

Tropjeolum

tricolorum*

—

and

self-fertilised

crossed

flowej's yielded seeds as

LiMNANTUKS DOUGLASii

and

flowers"!

self-fertilised

/
self-fertilised flowers"!

— crossed and

yielded seeds as (about)

/

Sarothamnus scoparius— crossed and

self-fertilised flowers

yielded seeds as

— crossed and
CuPHEA purpurea — crossed and
yielded seeds
Passiflora gracilis — crossed and
yielded seeds
Specdlaria SPECULUM — crossed and
yielded seeds
Lobelia fulgens — crossed and
seeds
(about)
Nemophila insignis— crossed and
yielded seeds
(by weight)
BoRAGO officinalis— crossed and
yielded seeds
Nolana prostrata — crossed and
yielded seeds
Petunia violacea — crossed and
yielded seeds
(by weight)
NicOTiANA tabacum — crossed and
yielded seeds
(by weight)
Cyclamen persicum — crossed and
yielded seeds
Anagallis collina — crossed and
yielded seeds
Canna warscewiczi— crossed and

Ononis minutissima

self-fertilised

flowers

self-fertilised

flowers"!

self-fertilised

/
flowers"!

yielded seeds as
as

as

/
self-fertilised flowers"!

as

J

self-fertilised flowers yieldedl

as

J

self-fertilised

flowers^

self-fertilised

flowers

self-fertilised

flowers

as

/

as

as

i

/

self-fertilised

flowers^

self-fertilised

flowers"!

as

j

as

•

•

/

self-fertilised flowers"!

as

•

self-fertilised

•

/

flowers"!

as

J

self-fertilised flowers (on)
three generations of crossed and self-fertilisea plants taken >
all together) yielded seeds as
)

* Tropseolum
tricolorum and
Cuphea purpurea have been introduced into this table, although
seedlings were not raised from
them but of the Cuphea only
eix crossed and six
self-fertilised capsules, and of the Tropse;

olum only

six crossed

and eleven
were com-

self-fertilised capsules,

A

larger proportion of
the self-fertilised tlian of the
crossed flowers of the TropcDolum

pared.

produced

fruit.

Y 2

!!

'
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second table, G, gives the relative

fertility of

flowers on crossed plants again cross-fertilised,

on

flowers

self-fertilised plants

either in the

first

again

and

Here two

or in a later generation.

causes combine to diminish the fertility of the
fertilised flowers

;

of

self-fertilised,

self-

namely, the lesser efficacy of pollen

from the same flower, and the innate lessened

fertility

of ]3lants derived from self-fertilised seeds, which as

we

have seen in the previous Table D is strongly marked.
The fertility was determined in the same manner as
in Table F, that is, by the average number of seeds per
capsule and the same remarks as before, with respect
to the difi*erent proportion of flowers which set capsules
when they are cross-fertilised and self-fertilised, are
;

here likewise applicable.

Table

G.

— Belative

Fertility

of Flowers on Crossed and Self-

fertilised Plants of the First or some succeeding Oeveration

former being again fertilised with Pollen from a

and

again with their own Pollen.

the latter

;

the

distinct Plant,

Fertility

of by the average Number of Seeds per Capsule.
Crossed Flowers taken as 100.

judged

Fertility of

—

IpOMCEA purpurea crossed and self-fertilised flowers onj!
the crossed and self-fertilised plants of the 1st generation >! 100 to
yielded seeds as

—

j

—

)

Ip6m(EA purpurea crossed and self-fertilised flowers on
the crossed and self-fertilised plants of the 3rd generation
yielded seeds as

1

94

>

Ipomoea purpurea crossed and self-fertilised flowers onj
the crossed and self-fertilised plants of the 4th generations
yielded seeds as

—

)

Ipomcea purpurea crossed and self-fertilised flowers on
the crossed and self-fertilised plants of the 5th generation
yielded seeds as

MiMULUS LUTEUS

—

,

94

,

107

,

65

,

34

.

40

|

j

>

)

crossed and self-fertilised flowers on thejj
crossed and self-fertilised plants of the 3rd generation >
yielded seeds as (by weight)
)
INIlMULUS LUTEUS same plants treated in the same manneri
.
.
on following year yielded seeds as (by weight)
j
MiKULUS LUTEUS crossed and self-fertilised flowers on thej
I

—

—

93

.

crossed and self-fertilised plants of the 4th generation >
j
yielded seeds as (by weight)
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—continued.

—

crossed and self-fertilised flowers on the
crossed and self-fertilised plants of the 1st generation
yielded seeds as
DiANTHUSCARYOPHYLLUS crossed and self-fertilised flowers
on the crossed and self-fertilised plants of the 1st genera-

100

—

tion yielded seeds as

—

flowers on self-fertilised plants
of the 3rd generation crossed by intercrossed plants, and
other flowers again self-fertilised yielded seeds as
DiANTHUS CARYOPIIYLLUS flowers on self-fertilised plants
of the 3rd generation crossed by a fresh stock, and other
flowers again self-fertilised yielded seeds as
Lathyrus ODORatus crossed and self-fertilised flowers on
the crossed and self-fertilised plants of the 1st generation

DiANTiius CARYOPiiYLLUS

—

...

—

.

yielded seeds as

Lobelia ramosa

—

crossed and self-fertilised flowers on the
crossed and self-fertilised plants of the 1st generation
yielded seeds as (by weight)
Pktunia violacea crossed and self-fertilised flowers on
the crossed and self-fertilised plants of the 1st generation

—

yielded seeds as (by weight)
crossed and self-fertilised flowers on
the crossed and self-fertilised plants of the 4th generation
yielded seeds as (by weig^ht)
Petunia violacea flowers on self-fertilised plants of the

Petunia violacea

—

—

4th generation crossed by a fresh stock, and other flowers
again self-fertilised yielded seeds as (by weight)
NlcOTlANA tabacum crossed and self-fertilised flowers on
the crossed and self-fertilised plants of the 1st generation
yielded seeds as (by weight)
NicOTiANA tabacum flowers on self-fertilised plants of
the 2nd generation crossed by intercrossed plants, and
other flowers again self-fertilised yielded seeds as (by es.

—

—

timation)

NicOTiANA TABACUM

—

flowers on self-fertilised plants of
the 3rd generation crossed by a fresh stock, and other
flowers again self-fertilised yielded seeds as (by estimation)
Anaqallis collina flowers on a red variety crossed by a
blue variety, and other flowers on the red variety selffertilised yielded seeds as
Canna Warscewiczi crossed and self-fertilised flowers on
the crossed and self-fertilised plants of three generations
taken together yielded seeds a,s

—

—

As both

these

tables

relate

to

the

fertility

of

flowers fertilised

by pollen from another plant and by

their

own

The

difference

may be considered together.
between them consists in the self-

pollen, they
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G,

table,

parents,

being

and tbe crossed

by crossed parents, which in the later generations
had become somewhat closely inter-related, and had
been subjected all the time to nearly the same conditions.
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
flowers

thus treated, the results cannot be trusted, as far as
tility is

Some

concerned, and are not here given.

fer-

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
flowers,

fertility

we

of the

crossed

and

self-fertilised

see that in a majority of the cases

(i.e.,

by pollen

in thirty-five out of fifty) flowers fertilised

from a distinct 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
Their fertility
slightly changed conditions of life.
ranges from zero to fertility equalling that of the
and of this fact no explanation can
crossed flowers
be offered. There are fifteen cases in the two tables
in which the number of seeds per capsule produced by
the self- fertilised flowers equals or even exceeds that
yielded by the crossed flowers. Some few of these
that is, would not
cases are, I believe, accidental
This was apparently the
recur on a second trial.
;

;

;

case with the plants of the fifth generation of Ipomoea,

and

in

one

of

Nicotiana offers

the

experiments

with

Dianthus.

the most anomalous case

of any,

Chap. IX.
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as the self-fertilised flowers on the parent plants, and
on their descendants of the second and third generaproduced more seeds than did the crossed
tions,

flowers

;

but we shall recur to this case when we treat

of highly self-fertile varieties.

might have been expected that the difference in
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 selffertilised parents, than in Table F, in which flowers on
It

fertility

the parent-plants were self-fertilised for the

But

this is not the case, as far as

my

time.

first

scanty materials

allow of any judgment.

There is therefore no evidence 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 occur with respect to their

But we should bear

in

mind

height or growth.

that in the later genera-

had become more or less closely
and had been subjected all the time to

tions the crossed plants
inter-related,

nearly uniform conditions.
It is remarkable that there is

no close correspondence,

either in the parent-plants or in the successive genera-

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
Thus, the crossed and self-fertilised
such seeds.
flowers on the parent-plants of Ipomoea, Gesneria,
Salvia, Limnanthes, Lobelia fulgens, and Nolana produced a nearly equal number of seeds, yet the plants

tions,

raised from the crossed seeds exceeded considerably in

height those

The

raised

from the

more seeds than the
although the plants raised

far

self-fertilised

seeds.

crossed flowers of Linaria and Viscaria yielded
self-fertilised
froili

flowers

;

and

the former were taller
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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

were

;

y et the plants raised from the latter seeds
taller, heavier, and more hardy than those

much

raised from the self-fertilised seeds.
On the other
hand, the crossed seedlings of Eschscholtzia were
neither taller nor heavier than the self-fertilise 1,

although the crossed flowers were far more productive
than the self-fertilised. But the best evidence of a
want of correspondence between the number of seeds

produced by crossed and

self-fertilised

flowers,

the vigour of the offspring raised from them,

is

and

afforded

by the plants of the Brazilian and European stocks
and likewise by certain individual
plants of Reseda odorafa ; for it might have been ex-

of Eschscholtzia,

pected that the seedlings from plants, the flowers of

which were excessively
in a greater degree

would have profited
than the seedlings from

self-sterile,

by a

cross,

plants which were moderately or fully self-fertile, and

But
therefore apparently had no need to be crossed.
no such result followed in either case for instance,
the crossed and self-fertilised offspring from a highly
:

self-fertile plant of Beseda 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
nearly the same remarks are
in the same manner,
applicable, in reference to the absence of any close
correspondence between their fertility and powers of

—
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growth, as in

and G,

tlie

case of the plants in the Tables

just considered.

tilised plants of
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Thus the crossed and

F

self-fer-

Ipomoea, Papaver, Reseda odorata, and
fertile, yet the former

Limnanthes were almost equally

considerably in height the

exceeded
plants.

On

self-fertilised

the other hand, the crossed and self-fer-

tilised plants of

Mimulus and Primula differed to an
by no means to

extreme degree in innate fertility, but

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;

by pollen from other flowers on the same
plant; but this latter method made no difference in

tion,

viz.,

comparison with the former in the number of seeds
Neither with
Digitalis nor Dianthus were more seeds produced by
the one method than by the other, to any trustworthy
degree. With Ipomoea rather more seeds, in the proportion of 100 to 91, were produced from a cross
between flowers on the same plant than from strictly
but I have reason to suspect that
self-fertilised flowers
the result was accidental. With Origanum vulgar e,
however, a cross between flowers on plants propagated
by stolons from the same stock certainly increased
This likewise occurred, as we
slightly their fertility.
shall see in the next section, with Eschscholtzia,
produced, or only a slight difference.

;

perhaps with Conjdalis cava and Oncidium but not
so with Bignonia, Abutilon, Tabernaemontana, Senecio,
;

and apparently Reseda odorata.
Self-sterile Plants.

The cases here to be described might have been
introduced in Table F, which gives the relative fertility of flowers fertilised

with their own pollen, and
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;

but

it
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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 w ith their own pollen, but on
mechanical causes, by which their pollen is prevented
from reaching the stigma, or on the pollen and stigma
of the same flower being matured at different periods.
In the seventeenth chapter of my 'Variation of
Animals and Plants under Domestication 'I had occasion
to enter fully on the present subject and I will there;

;

fore here give only a brief abstract of the cases there

described, but others must be added, as they have an
Kolreuter
important bearing on the present work.
long ago described plants of Verhascum plioemeeum
which during two years were sterile with their own
pollen, but were easily fertilised
sj)ecies

;

by that

of four other

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
were self-sterile, as did Gartner in the
So it was, according to
case of Verhascum nigrum.
this latter author, with two plants of Lobelia fulgens,
though the pollen and ovules of both were in an
efficient state in relation to other species. Five species
of Passiflora and certain individuals of a sixth species
have been found sterile with their ovni pollen but slight
changes in their conditions, such as being grafted on
another stock or a change of temperatui*e, rendered
them self-fertile. Flowers on a completely self-imits varieties,

;

potent plant of Passiflora alata fertilised with pollen
from its own self-impotent seedlings were quite fertile.

Mr. Scott, and afterwards Mr. Munro, found that some

SELF-STERILE PLANTS.
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species of Oncidium and of Maxillaria cultivated in a
hothouse in Edinburgh were quite sterile with their
own pollen and Fritz Miiller found this to be the
;

with a large number of Orchidaceous genera
He
frrowinj? in their native home of South Brazil.*
case

also discovered that the pollen-masses of

acted on their

own stigmas

like

some orchids
and it

a poison

;

appears that Gartner formerly observed indications of
this extraordinary fact in the case of some other
plants.

Fritz Miiller also states that a species of Bignonia

and TaherndBmontana

are

ecliinata

both

sterile

with

own

pollen in their native country of Brazil, f
Several Amaryllidaceous and Liliaceous plants are in

their

Hildebrand observed with care
and found it completely self-sterile J
but according to Caspary a few self-fertilised seeds
Corydalis halleri is only
are occasionally produced
slightly self-sterile, and C. intermedia not at all so. §
In another Fumariaceous genus, Hypecoum, Hildebrand
observed that H. grandiflorum was highly self-sterile,
whilst H. jproeumbens was fairly self-fertile.
Thunbergia
alata kept by me in a warm greenhouse was self-sterile
early in the season, but at a later period produced
many spontaneously self-fertilised fruits. So it was
with Papaver vagum : another species, P. alinnum, was
found by Professor H. Hoffmann to be quite selfsterile excepting on one occasion ;1[ whilst P. somnifermn has been with me always completely self-fertile.
the same predicament.
Corydalis cava,

;

:

||

EschschoUzia californica.
fuller
*

consideration.

A

Bot. Zeitung,' 1868, p. 114.
t Ibid. 1868, p. 626, and 1870,
'

p. 274.
X

'

Iloi-t.

Report of the International
Congress,' 1866.

— This

species deserves a

plant cultivated by Fritz
Bot. Zeitung,' June 27, 1873.
Jahrb. fiir wiss. Botanik,'
B. vii. p. 464.
'
Zur Speeieafragc,' 1875,
*|f
§

'

'

II

p. 47.
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South Brazil happened to flower a month before
any of the others, and it did not produce a single
Miiller in

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

capsule.

pollen from a distinct plant, in which case they were
completely fertile.* I was much surprised at this fact,
as I had found that English plants, when covered by

number of capsules and that
by weight, compared with those
on plants intercrossed by the bees, as 71 to 100.
a net, set a considerable

;

these contained seeds

.

Professor Hildebrand,

much more

me

however, found

self-sterile in

this

Germany than

it

species

was with

capsules produced by selfcompared with those from intercrossed

in England, for the

fertilised flowers,

flowers, contained seeds in the ratio of

At my

request Fritz Miiller sent

me

only 11 to 100.

from Brazil seeds

of his self-sterile plants, from which I raised seedlings.

Two of

these were covered with a net, and one produced
spontaneously only a single capsule containing no good
seeds, but yet, when artificially fertilised with its own
pollen, produced a few capsules.

The other plant

pro-

duced spontaneously under the net eight capsules, one
of which contained no less than thirty seeds, and on
an average about ten seeds per capsule. Eight flowers
on these two plants were artificially self-fertilised, and
produced seven capsules, containing on an average
twelve seeds

;

eight other flowers were fertilised with

pollen from a distinct plant of the Brazilian stock, and

produced eight capsules, containing on an average
about eighty seeds this gives a ratio of 15 seeds for
the self-fertilised capsules to 100 for the crossed
:

* 'Bot. Zeitung,' 1868, p. 115,

and 1869,

p. 223.
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Later in the season twelve other flowers on
but
they yielded only two capsules, containing three and
It appears therefore that a lower temsix seeds.
capsules.

these two plants were artificially self-fertilised

;

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-

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
fertilised

;

in

England

;

so that the plants of Brazilian parentage

retained by inheritance some of their former sexual
constitution.

sent

by me

much more

Conversely, seeds from English plants

to Fritz Miiller and grown in Brazil, were

than his plants which had been
but he informs
me that one of the plants of English parentage w^hich
did not flower the first year, and was thus exposed for
two seasons to the climate of Brazil, proved quite selfsterile, like a Brazilian plant, showing how quickly
the climate had acted on its sexual constitution.
Ahutilon darivimi.
Seeds of this plant were sent
me by Fritz Miiller, who found it, as well as some
self-fertile

cultivated there for several generations

;

—

other species of the same genus, quite sterile in

its
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home

of

pollen from a

South Brazil, unless
distinct

plant,

naturally by humming-birds.*
raised from

these

either

Chap. IX.

fertilised

with

artificially

or

Several plants were

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
on the same plants but not a single capsule

flowers

;

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
A greater number of capsules would have
fine seeds.
been produced by the cross, had not some of the nineteen flowers been on a plant which was afterwards
proved to be from some unknown cause completely
Thus far these plants
sterile with pollen of any kind.
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

sixteen flowers were fertilised with their

and these produced

five

occurred,

own

capsules, containing

pollen,

on an

average 3 '4 seeds. At the same time I selected by
chance four capsules from the uncovered plants growing 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

that these plants, which were unnaturally treated
in a hothouse, under another

is

by being grown in pots
*

'

Jenaische

p. 441.

Zeitsclii-. fiir

Naturwiss.' B.

vii.

1872, p. 22, and 1873,
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hemisphere, with a complete reversal of the seasons,
were thus rendered slightly self-fertile, whereas they
seem always to be completely self-sterile in their
native home.
Senecio

cruentiis

(greenhouse varieties,

called Cinerarias, prohahhj derived

or herbaceous species

much

from

commonly

several fruticose

intercrossed*).

— Two purple-

were placed under a net in the
greenhouse, and four corymbs on each were repeatedly brushed with flowers from the other plant,
so that their stigmas were well covered with each
other's pollen.
Two of the eight corymbs thus treated
produced very few seeds, but the other six produced
on an average 41 3 seeds per corymb, and these germinated well. The stigmas on four other corymbs on
both plants were well smeared with pollen from the
flowers on their own corymbs
these eight corymbs
produced altogether ten extremely poor seeds, which
proved incapable of germinating. I examined many
flowers on both plants, and found the stigmas spontaneously covered with pollen but they produced not a
These plants were afterwards left unsingle seed.
in
the
same house where many other Cinerarias
covered
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 dioecious.
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-

flowered

varieties

•

;

;

;

* I

am much

obliged to Mr.

Mr. Thiselton Dyer
for giving me information with
respect to the varieties on which
Mr. Moore beI experimented.

Mooro and

to

tmand perhaps hcrititri,
maderemis and populij'olius have
all been more or less blended to-

lieves that Senecio cruentiis,
sihifjinis,

gether in our Cinerarias.
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A

two seeds, which germinated well.
large number of
the stigmas on several of the other corymbs were repeatedly smeared with pollen from their own corymb
but they yielded only five very poor seeds, which were
;

incapable of germination.

Therefore the abov^e three

two varieties, though growing
vigorously and fertile with pollen from either of the
other two plants, were utterly sterile with pollen from
other flowers on the same plant.
Reseda odorata. Having observed that certain individuals were self-sterile, I covered during the
summer of 1868 seven plants under separate nets, and
will call these plants A, B, C, D, E, F, G.
They all
appeared to be quite sterile with their own pollen,
but fertile with that of any other plant.
Fourteen flowers on A were crossed with pollen
from B or C, and produced thirteen fine capsules.
Sixteen flowers were fertilised with pollen from other
flowers on the same plant, but yielded not a single
plants belonging to

—

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 ot
Eighteen flowers were fertilised with pollen
seeds.
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
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fine capsules.

Eight

flowers were fertilised with pollen from other flowers

and produced no capsules.
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

on the same

On

plant,

the plants

F

did not produce a single capsule.

We

thus see that

fifty-five

flowers

on

five of the

above plants were reciprocally crossed in various ways
several flowers on each of these plants being fertilised 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, seventynine 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 penetration 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
;

and this makes me believe that a bee,
many^of which settled on the outside of the net, being

of capsules

;

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
under separate nets
and now the result was widely different to what it was
seeds were carefully protected

Three of these protected plants became actually

before.

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-

more important element.
The fourth plant produced only a few capsules, many
of them of small size
yet it was far more self-fertile
stitution of the plant is a far

;

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.

was much surprised at the difference in the
made during the two previous
years, six fresh plants were protected by separate nets
Two of these proved almost comin the year 1870.
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, germinated. 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 selffertile plants, and all these flowers
produced fine
The four other plants whilst still remaining
capsules.
protected beneath the nets presented a wonderful
contrast (though one of them in a somewhat less
degree than the others), for they became actually

As

I

results of the trials

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 capsules produced by the two almost completely selfsterile 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
At first sight they appeared
29th were examined.
but on carefully searchentirely destitute of capsules
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
After this examination the
rarely more than one.
nets were taken off, and the bees immediately carried
pollen from one of these almost self-sterile plants
to the other, for no other plants grew near.
After a
few weeks the ends of the branches on all five plants
became covered with capsules, presenting a curious
contrast with the lower and naked parts of the same
long branches. These five plants therefore inherited
almost exactly the same sexual constitution as their
and without doubt a self-sterile race of
parents
Mignonette could have been easily established.
Reseda lutea. Plants of this species were raised
from seeds gathered from a group of wild plants growing at" no great distance from my garden. After
casually observing that some of these plants were selfsterile, two plants taken by hazard were protected
under separate nets. One of these soon became
;

;

;

—

covered with spontaneously self-fertilised capsules, as
numerous as those on the surrounding unprotected
plants;

so

that

it

was evidently quite

self-fertile.

z 2

;
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self-sterile, producing
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.

very few

capsules,

The sexual

partially

many

constitution

of

of this species

is

therefore

similar to that of Beseda odorata.

Concluding BemarJcs on

In order to favour as
of

tilisation

some

self-sterile

Plants.

far as possible the self-fer-

of the

foregoing plants, all the

on Beseda 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

flowers

;

difference in the result.

Fritz Miiller tried both kinds

of self-fertilisation in the case of Bignonia, Tabernae-

montana and Abutilon, likewise with no

With

the result.

Eschscholtzia,

difi'erence in

however, he found

that pollen from other flowers on the same

was a little
same flower.

plant

more effective than pollen from the
So did Hildebrand* in Germany as
;

thirteen out of fourteen flowers of Eschscholtzia thus

containing on an average
whereas only fourteen flowers out of twenty-

fertilised set capsules, these

9 5 seeds
•

one

;

fertilised

with their own pollen

these containing on an average 9 0 seeds.
•

*

'

Pringsheim's Jahrbuch.

fiir

set

capsules,

Hildebrand

wiss. Botanik,' vii. p. 467.
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found a trace of a similar difference with Corydalis
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
cava, as did Fritz Midler with

vegetable kingdom.

Their number

is

large, for they can be discovered only

not at present
by protecting

then fertilising them with

plants from insects and

pollen from another plant of the same species and with

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

their

»

;

by changed conditions

of

life.

As

in the course of

my

experiments I have found three new cases, and as Fritz
Miiller has observed indications of several others, it is
probable that they will hereafter be proved to be far

from

rare.f

As with

plants of the same species and parentage,
some individuals are self-sterile and others self-fertije,
of which fact Beseda odorata offers the most striking

not at all surprising that species of

instances, it is

Thus

the same genus differ in this same manner.

Verhascum phoenieeum and nigrum are
F. thapsus

know by
some

and

lychnitis are

There

trial.

is

self-sterile, whilst

quite self-fertile,

as

I

the same difference between

of the species of Papaver, Corydalis,

and of other

Nevertheless, the tendency to self-sterility

genera.

certainly runs to a certain extent in groups, as

we

see

chap.

auratum, Impatiens pallida and

pp. 113-1 15.
t Mr. Wilder, the editor of a
horticultural journal in the U.
States ((juoted in ' Gard. Chron.'
1868, p. 128G) states that Lilium

falva, cannot be fertilised with
Rimj)an shows
their own pollen.
that rye is probably sterile with
its own pollen.

*
xvii.

*

Var.

2nd

under

edit. vol.

Dom.'
ii.
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in the genus Passiflora, and with the Yandese amongst
Orchids.
Self-sterility

differs

much

in

degree in different

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 Corijdalis
cava, occasionally, though very rarely, produce a few
plants.

self-fertilised

seeds.

A

large

number

of species, as

may

be seen in Table F, are less fertile with their own
pollen than with that from another plant and lastly,
some species are perfectly self-fertile. Even with the
individuals of the same species, as just remarked,
some are utterly self-sterile, others moderately so, and
some perfectly self-fertile. The cause, whatever it may
be, which renders many plants more or less sterile
with their own pollen, that is, when they are selffertilised, 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 selffertilised
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
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
to penetrate

;

stigmatic secretion does not properly excite the pollengrains, so that the tubes are not properly developed,
if

the pollen

is

taken from the same flower.

This

is

the case according to Fritz Miiller with Eschscholtzia,
for

he found that the pollen-tubes did not penetrate
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the stigma deeply ;* and with the Orchidaceous genus
Notylia they failed altogether to penetrate it.
With dimorphic and trimorphic species, an illegitimate union between plants of the same form presents

a close analogy with self-fertilisation, whilst a legiand
timate union closely resembles cross-fertilisation
;

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 grandiflorum,

as

I

have elsewhere shown,t not more than two or three
out of hundreds of pollen-grains, either of the longstyled 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,

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

as well as in

developed.

we now turn to the more immediate cause of
we olearly s^e that in most cases it is de-~
termined by the conditions to which the plants have
been subjected. Thus Eschscholtzia is completely selfIf

self-sterility,

sterile in
fertile

The

the hot climate of Brazil, but

offspring of Brazilian plants

* 'Bot. Zeitimg,' 18G8,pp.ll4,

115.

is

perfectly

there with the pollen of any other individual.

became

in

t'The Different
Flowers,' &c., p. 87

England
Forms

of
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in a single generation partially self-fertile,

more

so in the

second generation.

of English

offspring

plants,

first

native

its

home

still

for

two

generation quite

Again, Ahutilon darwinii, which

self-sterile.

sterile in

growing

after

seasons in Brazil, became in the

and

Conversely, the

of Brazil,

is

self-

became mode-

rately self-fertile in a single generation in an English

Some

hothouse.

other plants are self-sterile during the

early part of the year, and later in the season
self-fertile.

become

when
With Reseda, however,

Passiflora alata lost its self-sterility

grafted on another species.

some individuals
and others are

same parentage are
we are forced in
our ignorance to speak of the cause as due to spontaneous variability but we should remember that the
progenitors of these plants, either on the male or
female side, may have been exposed to somewhat
The power of the environment
different conditions.
thus to affect so readily and in so peculiar a manner
the reproductive organs, is a fact which has many
important bearings and I have therefore thought
the foregoing details worth giving. Eor instance, the
sterility 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 durinsr
o
several generations, having been kept all the time
in which

self-sterile

of the

self-fertile,

;

;

under closely

similar

conditions,

does not

benefit

and on the other hand, that a cross
between plants that have been subjected to different
conditions benefits the offspring to an extraordinary
We may therefore conclude that some degree
degree.
the offspring

;

of differentiation in the sexual system

is

necessary for
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the full fertility of the parent-plants and f(jr the full
vigour of their offspring. It seems also probable that

with those plants which are capable of complete selffertilisation, 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 interaction,

like

those

of

a

self-fertilised

may

plant

long

Conversely, we

cultivated under the same conditions.

further infer that plants which are self-sterile in

country, but become self-fertile under
changed conditions, have their sexual elements so acted
on, that they become sufficiently differentiated for
mutual interaction.

their native

We
many
plants

know

that self-fertilised seedlings are inferior in

respects to those from

in

a cross

and

;

as

with

a state of nature pollen from the same

flower can hardly fail to be often left

the wind on the stigma,

by

insects or

by

seems at first sight highly
probable that self-sterility has been gradually acquired
through natural selection in order to prevent selffertilisation.
It is no valid objection to this belief
that the structure of some flowers, and the dichogamous
condition of many others, siiffice 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
it

;

same

plant

is

equally

that from the same
that self-sterility

is

injurious

flower.

or

nearly so as

Nevertheless, the belief

a quality which has been gradually

acquired for the special purpose of preventing
In
fertilisation must, I believe, be rejected.
first

place, there is

self-

the

no close correspondence in degree
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between the sterility of the parent-plants when selffertilised, and the extent to which their offspring suffer
in vigour by this process; and some such correspondence might have been expected if self-sterility had
been acquired on account of the injury caused by selffertilisation.
The fact of individuals of the same
parentage differing greatly in their degree of selfsterility is likewise opposed to such a belief; unless,
indeed, we suppose that certain individuals have
been rendered self-sterile to favour intercrossing,
whilst

other

fertile to

have been rendered

individuals

ensure the propagation of the species.

fact of self-sterile

self-

The

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.
justified

We

are not therefore

in admitting that this peculiar state of the

reproductive system has been gradually acquired
through natural selection but we must look at it as
an incidental result, dependent on the conditions to
which the plants have been subjected, like the ordinary
sterility caused in the case of animals by confinement,
and in the case of plants by too much manure, heat,
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;

;

;

Chap. IX.

347

SELF-FERTII-E VARIETIES.

sterile plants is the evidence which they afford of the
advantage, or rather of the necessity, of some degree or
kind of differentiation in the sexual elements, in order

that they should unite and give birth to a

new

being.

was ascertained that the five plants of Reseda odorata
which were selected by chance, could be perfectly
fertilised by pollen taken from any one of them, but
not by their own pollen and a few additional trials
w^ere made with some other individuals, which I have
not thought worth recording. So again, Hildebrand
and Fritz Miiller frequently speak of self-sterile plants
being fertile wdth the pollen of any other individual
and if there had been any exceptions to the rule, these
could hardly have escaped their observation and my
own. We may therefore confidently assert that a
self-sterile plant can be fertilised by the pollen of any
one out of a thousand or ten thousand individuals of
the same species, but not by its own. Now it is
obviously impossible that the sexual organs and
elements of every individual can have been specialised
with respect to every other individual. But there
is no difficulty in believing that the sexual elements
of each differ slightly in the same diversified manner
and it has often been
as do their external characters
remarked that no two individuals are absolutely
alike.
Therefore we can hardly avoid the conclusion,
that differences of an analogous and indefinite nature
in the reproductive system are sufficient to excite the
mutual action of the sexual elements, and that unless
there be such differentiation fertility fails.
It

;

;

—

The appearance of highly self-fertile Varieties. We
have just seen that the degree to which flowers are
capable of being fertilised with their own pollen differs
much, both with the species of the same genus, and
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sometimes with the individuals of the same species.
Some allied cases of the appearance of varieties which,
when self-fertilised, yield more seed and produce offspring growing taller than their self-fertilised parents,
or than the intercrossed plants of the corresponding
generation, will
Firstly,

in

now be

considered.

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 selfIt prevailed

fertilised plants.

in all the later self-

fertilised generations to the exclusion of

and transmitted

variety,

its

every other

characters faithfully, but

disappeared from the intercrossed plants, owing no

being repeatedly blended by
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

doubt

to their characters

crossing.

The

self-fertilised plants

;

they produced capsules compared
with those on the intercrossed plants, in number, as 147
to 100
and the self-fertilised capsules contained a

actually measured

;

;

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-fergreater

;

with their own pollen yielded
nineteen very fine capsules, a degree of self-fertility
which 1 have not seen equalled in any other case. This
tilised plants fertilised

—

variety seems to have

way by

become

specially adapted to profit

although this process
was so injurious to the parent-plants during the first

in every

self-fertilisation,

SELF-FERTILE VARIETIES.
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however be remembered
when crossed by
a fresh stock, were wonderfully superior in height and

four generations.

It should

that seedlings raised from this variety,
fertility to the self-fertilised plants of

the corresponding

generation.

Secondly, in the sixth self-fertilised generation of

Ipomoea 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
well as its increased tallness and a high

its flowers, as

degree of

self-fertility, to its children,

grandchildren,

and great-grandchildren. The self-fertilised children
of Hero were in height to other self-fertilised plants
Ten self-fertilised
of the same stock as 100 to 85.
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-grandchildren of Hero derived from a cross with a fresh
stock were so unhealthy, from having been grown at
an unfavourable season, that their average height in
•

;

comparison with that of the self-fertilised plants
cannot be judged of with any safety but it did not
appear that they had profited even by a cross of this
;

kind.

Thirdly, the plants of Nicotiana on which I experito come under the present class of
they varied in their sexual constitution
and were more or less highly self-fertile. 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

mented appear
cases

;

for

;
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those which were crossed

;

CuAP. TX.

and the seedlings raised

these self-fertilised seeds exceeded in height

from

those raised from the crossed seeds to an extraordinary-

In the second and third generations, although

degree.

the self-fertilised plants did not exceed the crossed in
height, yet their self-fertilised flowers yielded on two

considerably more seeds than the crossed
even than those which were crossed with pollen

occasions
flowers,

from a distinct stock or variety.
Lastly, as certain individual plants of Reseda odorata

incomparably more self-fertile than other
might be included under the
present heading of the appearance of new and highly
But in this case we should have
self-fertile varieties.
to look at these two species as normally self-sterile
and this, judging by my experience, appears to be the

and

lutea are

individuals, the former

correct view.

We may therefore conclude from

the facts

now given,

sometimes arise which when self-fertilised possess an increased power of producing seeds
and of growing to a greater height, than the intercrossed or self-fertilised plants of the corresponding
generation all the plants being of course subjected
The appearance of such
to the same conditions.
varieties is interesting, as it bears on the existence
under nature of plants which regularly fertilise themselves, such as Ophrys ajpifera and some other orchids,
or as Leersia oryzoides, which produces an abundance
of cleistogamic flowers, but most rarely flowers capable
that varieties

—

of cross-fertilisation.*

Some
to

observations

made on

other plants lead

suspect that self-fertilisation

beneficial

*

On

;

is

in

although the benefit thus derived

Leersia, see

'

Dlflferent

Forms

me

some respects
is

of Flowers,' &c., p. 335.

as a
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compared with that from a cross with
Thus we have seen in the last chapter
of
Ipomcea and Mimulus raised from
that seedlings
flowers fertilised with their own pollen, which is the
rule very small

a distinct plant.

strictest possible

in height, weight,

form of self-fertilisation, were superior
and in early flowering to the seedlings

raised from flowers crossed with pollen from other flowers

on the same plant

;

marked

too strongly

and

was
Again, the culpea are highly self-

this superiority apparently

to be accidental.

tivated varieties of the

common

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

fertile,

;

self-fertility of

Primula

veris increased after several

generations of illegitimate fertilisation, which

is

a

process analogous to self-fertilisation, but only as long
as the plants were cultivated

able conditions.

under the same favour-

I have also elsewhere- shown* that

with several species of Primula equal-styled varieties
occasionally appear which possess the sexual organs
of the two forms

combined in the same

sequently they

fertilise

manner and

are highly

self- fertile

fact is that they are rather

plants of the

same

more

me

Con-

;

but the remarkable

fertile

than ordinary

species legitimately fertilised

pollen from a distinct individual.
to

flower.

themselves in a legitimate

Formerly

it

by

appeared

probable, that the increased fertility of these

heterostyled plants might be accounted for by the

stigma lying so close to the anthers that it was impregnated at the most favourable age and time of
the day
but this explanation is not applicable to the
;

*

'

Differeut

Forms

of Flowers,' &c., p. 272.
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above given
fertilised

cases, in whicli the flowers

with their

own

were
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artificially

pollen.

Considering the facts now adduced, including the
appearance of those varieties which are more fertile
and taller than their parents and than the intercrossed
plants of the corresponding generation, it is difficult
is in some
though if this be really the
case,* any such advantage is as a rule quite insignificant 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 existence of plants bearing small and inconspicuous flowers
which are rarely visited by insects, and therefore are

to avoid the suspicion that self-fertilisation

respects advantageous;

rarely intercrossed.
Relative Weight and Period of Germination of Seeds
/rom crossed and selffertiUsed 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.
Ipomoea purpurea (parent plants)
,

„

„

as

(third generation)

Salvia coccinea
Brassica oleracea
Iberis umbellata (second generation)

Delphinium consolida
Hibiscus africanus

TropjEolum minus
Lathyrus odoratus (about)

Sarothamnus scoparius
* M. Errara, wlio intends publishing on the present subject,
has been so kind as to send me
his MS. to read. He is convinced

that self-fertilisation is never
more beneficial than a cross with

100 to 127
87
„
100
»
5>
103
„
„
136
45
„
„
105
»
?>
„ „ 115
100
„
„
88
>>
„

another flower. I hope that his
view may hereafter be proved
correct,

and
thus

as

the subject of cross

self-fertilisation

much

simplified,

would be
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Specularia speculum

100 to
105
„
„ 111
50
„
82

.

Nemophila insignis
Borago officinalis
Cyclamen persicum (about)
Fagopyrum esculentum
Canna warscewiczi (tha-ee generations)
.

.

.

.

.

.

It is
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remarkable that in ten out of these sixteen

cases the self-fertilised seeds were either superior or

equal to the crossed in weight nevertheless, in six out
of the ten cases (viz., with Ipomoea, Salvia, Brassica,
;

Tropseolum, Lathyrus, and

Nemophila) the plants

raised from these self-fertilised seeds were very inferior

in height

and

crossed seeds.

in other respects to those raised from the

The

superiority in weight of the self-

fertilised seeds in at least

six

out of the ten cases,

namely, with Brassica, Hibiscus, Tropa^olum, Nemophila,
Borago, and Canna, may be accounted for in part by
the self-fertilised capsules containing fewer seeds

when a capsule contains only a few

;

for

seeds, these will be

apt to be better nourished, so as to be heavier, than

when many

are contained

in the

It
same capsule.
some of the above

should, however, be observed that in
cases, in

which the crossed seeds were the heaviest,

as

with Sarothamnus and Cyclamen, the crossed capsules

contained a larger number of seeds.

Whatever may be

seeds being often
remarkable in the case of Brassica
Tropseolum, Nemophila, and of the' first generation of
Ipomoea, that the seedlings raised from them were
inferior in height and in other respects to the seedlings raised from the crossed seeds.
This fact shows

the explanation of the
the heaviest,

how

self- fertilised

it is

superior in constitutional vigour the crossed seed-

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 Lathjms
odoratus; as has Mr. A. J. Wilson with the Swedish
lings

2

A
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turnip, Brassica

campestris

ruta

haga,

Chap. IX.

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 thickness 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
fertilised origin, for it is

known

self-

that plants belonging

genus are habitually intercrossed by insects.
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 perplexing.
Neglecting one case in which the two lots
germinated simultaneously, in ten cases or exactly onehalf many of the self-fertilised seeds germinated before
the crossed, and in the other half many of the crossed
before the self-fertilised.
In four out of these twenty
cases, seeds derived from a cross with a fresh stock
were compared with self-fertilised seeds from one of the
and here again in half
later self-fertilised generations
the cases the crossed seeds, and in the other half the
self-fertilised seeds, germinated first.
Yet the plants
of Mimulus raised from such self-fertilised seeds were
inferior in all respects to the crossed plants, and in
to this

With

;

;

*

'

Gardeners' Chronicle.' 1867,

Loiseleur-Deslongchamp
LesCere'alee,' 1842, pp. 208-219)

p. 107.
('

was led by

his

obstavations to

the extraordinary conclusion that
the smuller grains of cereals pro-

duce as fine plants as the large.
This conclusion is, liowever, contradicted by Major Hallet's great
success in improving wheat by
the selection of the finest grains.
however, that man,

It is possible,

by long-continued

selection,

may

have given

to the grains of the
cereals a greater amount of starch

or other matter, than the seedlings can utilise for their growth.
There can be little doubt, as

Humboldt long

ago

remarked,

that the grains of cereals have
been rendered attractive to birds
in a degree which is highly injurious to the species.

Chap. IX.
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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 Ipomosa and

some of the other

I believe with

species, the relative

lightness of the self-fertilised seeds apparently deter-

mined

their early germination, probably

owing

to the

smaller mass being favourable to the more rapid com-

chemical and morphological changes
On the other hand, Mr.
Galton gave me seeds (no doubt all self-fertilised) of
Lathyrus odoratus, which were divided into two lots of
pletion of the

necessary for germination.*

heavier and lighter seeds

germinated

first.

;

and several

It is evident that

of the former

many more

obser-

vations are necessary before anything can be decided

with respect to the relative period of germination of
crossed and self-fertilised seeds.

* Mr. J. Scott remarks (' Manual of Opium Husbandry,' 1877,
p. 131) that the smaller seeds of

Fapaver

somniferum

germinate

first.
He also states that the
larger seeds yield the finer crop

of plants.

With

latter subject see an abstract in
Burbidge's 'Cultivated Plants,'

1877, p. 33, on the importitnt
expcrimonts sliowing the same
results,

by Dr. Murck and

Lehmann.

respect to this

2 A 2
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Fertilisation.

—

and fertility of plants when insects are excluded The means
by which flowers are cross-fertilised Structures favoiu-able to selfEolation between the structure and conspicuousness
fertilisation
of flowers, the visits of insects, and the advantages of cross-fertilisation
The means by which flowers are fertilised with pollen
from a distinct plant Greater fertilising power of such pollen
Anemophilous species Conversion of anemophilous species into
Origin of nectar Anemophilous plants generally
entomophilous
Conversion of diclinous into hermahave their sexes separated
phrodite flowers Trees often have their sexes separated.

Sterility

—

—

—

—

—
—

—
—

—

—

In the introductory chapter I briefly specified the
means by which cross-fertilisation is favoured
the
or ensured, namely, the separation of the sexes,
maturity of the male and female sexual elements at
the heterostyled or dimorphic
different periods,
many
and trimorphic condition of certain plants,
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 I
must refer the reader to the several excellent works
mentioned in the introduction. I will in the first place
give two lists the first, of plants which are either quite
sterile or produce less than about half the full complement of seeds, when insects are excluded and a

various

—

—

—

—

—

:

;

second

list

fertile or

of plants which,

when thus

produce at least half the

treated, are fully
full

complement

;

MEANS OF FERTILISATION.
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of seeds.

These

lists

have been

comj)ile(l
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from the

some additional cases from
my own observations and those of others. The species
are arranged nearly in the order followed by Lindley
The reader should
in his
Vegetable Kingdom.'
several previous tables, with

*

observe that the sterility or fertility of the plants in
lists depends on two wholly distinct causes
namely, the absence or presence of the proper means
by which pollen is applied to the stigma, and its less

these two

or greater efficiency

when thus

applied.

As

it

is

obvious that with plants in which the sexes are separate,

means from flower to
such species are excluded from the lists
as

pollen must be carried by some
flower,

;

are likewise heterostyled plants, in which the

same

Experience has
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
necessity occurs to a limited extent.

proved to

me

that,

;

are quite sterile and others quite fertile

by a net from the

when protected

access of insects.

List of Plants which, ivhen Insects are excluded, are either
quite sterile, or produce, as far as I coidd judge, less

than half the numher of Seeds produced hj tmprotected Plants.
Fassiflora alata, racemosa, coerulea, eduUs, laurifoUa,

and some

individuals of P. quadrangularis (Passiflorace£e), are quite

under these conditions: see 'Variation of Animals
and Plants under Domestication,' chap. xvii. 2nd edit. vol. ii.
sterile

p. 118.

Viola canina (Violaceie).
fertilised

by

—Perfect

flowers quite sterile unless

bees, or artificially fertilised.

358

PLANTS STERILE WITHOUT INSECT-AID.

—

Chap. X.

V. tricolor.
Sets very few and poor capsules.
Reseda odorata (Eesedacese). Some indiyiduals quite sterile,
Some individuals produce very few and poor capi?. lutea.

—

—

sules.

Ahutilon darwinii

(Malvaceae).

— Quite

sterile

in Brazil:

see

previous discussion on self-sterile plants.
Nym'phcea (Nympliseacese). Professor Caspary informs me that
some of the species are quite sterile if insects are excluded.

—

—

Euryale amazonica (Nymphaeacese). Mr. J. Smith, of Kew, informs me that capsules from flowers left to themselves, and
probably not visited by insects, contained from eight to fifteen seeds; those from flowers artificially fertilised with
pollen from other flowers on the same plant contained from
and that two flowers fertilised with
fifteen to thirty seeds
pollen brought from another plant at Chatsworth contained
respectively sixty and seventy-five seeds. I have given
these statements because Professor Caspary advances this
;

plant as a case opposed to the doctrine of the necessity or
advantage of cross-fertilisation: see Sitzungsberichte der

Phys.-okon. Gesell. zu Konigsberg, B. vi. p. 20.
Delphinium consolida (Eanunculaceae). Produces many capsules,
but these contain only about half the number of seeds compared with capsules from flowers naturally fertihsed by

—

bees.
Esclischoltzia californica (Papaveraceae).

— Brazilian

plants quite

English plants produce a few capsules.
Fapaver vagum (Papaveraceae). In the early part of the summer
produced very few capsules, and these contained very few
sterile

:

—

seeds.

—

H. Hoffmann (' Speciesfrage/ 1875, p. 47) states
that this species produced seeds capable of germination only

P. alpinum.

on one occasion.
Corydalis cava (Fumariaceae),

—Sterile

:

see the previous discus-

sion on self-sterile plants.
C.

solida.

—I

many

hfid a single plant in

my

garden (1863), and saw

hive-bees sucking the flowers, but not a single seed

was produced.

I

was much surprised

at this fact, as Pro-

fessor Hildebrand's discovery that C. cava is sterile

with

its

had not then been made. He likewise concludes
from the few experiments which he made on the present
The two foregoing cases are
species that it is self-sterile.

own

pollen

interesting, because

botanists formerly thought

(see, for

Chap. X.
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* De la
Fecondation et de I'llybridation,
1845, p. 61, and Lindley, 'Vegetable Kingdom,' 1853, p. 436)
that all the species of the Fumariacea) were specially adapted

instance, Lecoq,

for self-fertilisation.
C. lutea.

—A

many

covered-up plant produced (1861) exactly half as
capsules as an exposed plant of the same size grow-

ing close alongside.
When humble-bees visit the flowers
(and T repeatedly saw thorn thus acting) the lower petals
suddenly spring downwards and the pistil upwards; tliis

due to the elasticity of the parts, which takes etfect, as
soon as the coherent edges of the hood are separated by the
entrance of an insect. Unless insects visit the flowers the
parts do not move. Nevertheless, many of the flowers on
is

the plants which I had protected produced capsules, notwithstanding that their petals and pistils still retained 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
Thus, nine capsules produced by undisto spring apart.
turbed flowers contained fifty-three seeds whilst nine capsules 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 the best time for
fertilisation.
The flowers, the petals of which had been
;

;

artificially separated, set their

were

left

capsules before those which

undisturbed under the net.

To show with what

may add that
on one occasion all the flowers on some unprotected plants
were examined, and every single one had its petals separated; and, on a second occasion, forty-one out of fortyHildebrand states (Pring.
three flowers were in this state.
Jahr. f. wiss. Botanik, B. vii., p. 450) that the mechanism
of the parts in this species is nearly the same as in C. ochrohiica, which he has fully described.
Eypecoum grandijlorum (Fumariaceae). Highly self-sterile (Hilcertainty the flowers are visited by bees, I

—

debrand,

Kalmia

ibid.).

latifolia (Ericaceae).

—Mr. W.

J.

Beal says

{'

American

from insects wither
with " most of the anthers still remaining in

Naturalist,' 1867) that flowers protected

and drop

off,

the pockets."
Peltiryonium zonale (Geraniaccae).— Almost sterile;

one plant

PLANTS STERILE WITHOUT IXSECT-AID.
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produced two fruits. It is probable that different varieties
would differ in this respect, as some are only feebly dichogamous.
Dianth's caryophyUus (Caryophyllacese). Produces very few
capsules, which contain any good seeds.
Phaseoh'.^ multiflorus (Leguminos£e).
Plants protected from
insects produced on two occasions about one-third and gjc-

—

—

eighth of the full

number

my

seeds: see

of

article

in

'Gardeners' Chronicle,' 1857, p, 225, and 1858, p. 828; also
*
Annals and Mag. of Natural History,' 3rd series, vol. ii.
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
1858, p. 462.

:

Natm-alist in Nicaragua,' p. 70.
Viciafaba (Leguminosee). Seventeen covered-up plants yielded
40 beans, whilst seventeen plants left improtected and

—

gi-owiug 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 fuUer details, 1858, p. 828.

Erythrina

(Leguminosse).— Sir W. Mac Arthur informed
South Wales the flowers do not set, unless
the petals are moved in the same manner as is done by

me

(sp. ?)

that in

New

insects.

—

Lathyrus gmndijiorus (Leguminosse). Is in this country more or
less sterile.
It never sets pods unless the flowers are visited

by humble-bees (and
they are

this

happens only

artificially fertilised

:

see

my

rarely), or unless

article in

Gardeners'

•'

Chronicle,' 1858, p. 828.
SarotJiamnus scoparius (Leguminosse).—Extremely sterile when
the flowers are neither visited by bees, nor distui-bed by

being beaten by the wind against the surrounding net.
MtUlotv.s cjfficinaUs (Legaiminosse).— An unprotected plant visited
by bees produced at least thii-ty times more seeds than a

protected one. On this latter plant many scores of racemes
did not produce a single pod
several racemes produced
each one or two pods five produced three six produced
;

;

;

and one produced six pods. On the unprotected plant
each of several racemes produced fifteen pods nine produced between sixteen and twenty-two j^ods, and one
produced thirty pods.
four

;

;

Chap. X.
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Lotus cornicidatus (Leguminosce). Several covered-up plants
produced only two empty pods, and not a sinj;le good seed.
TrifoUum repens (Lcguminosse). Several plants were protected
from insects, and the seeds from ten flower-heads on these

—

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 w^ere very nearly ten times
as numerous as those from the protected plants. The explants,

;

periment was repeated on the following year; and twenty
now yielded only a single aborted seed,
whilst twenty heads on the plants outside the net (which I
saw visited by bees) yielded 2290 seeds, as calculated by
weighing all the seed, and counting the number in a weight
protected heads

of

two

grains.

—

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 through holes
bitten by humble-bees, or deep down between the flowers, as
if in search of some secretion from the calyx, almost in the
same manner as described by Mr. Farrer, in the case of
Coronilla ('Nature,' 1871, July 2, p. 169). I must, however, except one occasion, when an adjoining field of sainfoin
{Hedysarum onohnjchis) had just been cut down, and when
the bees seemed driven to desperation. On this occasion
most of the flowers of the clover were somewhat withered,
and contained an extraordinary quantity of 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. K. Colgate informs me that
he has observed the same fact in New Zealand after the

T. praterise.

;

;

introduction of the hive-bee into that island. On the other
hand, H. Miiller (' 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

the chief fertilisers of the

—

common

humble-bees are

red clover.

The flower-heads containing ripe seeds, on some
covered and uncovered plants, appeared equally fine, but

T. iricarnatum.
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was a false appearance GO heads on the latter yielded
349 grains weight of seeds^ whereas 60 on the covered-up
this

;

plants yielded only 63 gTains, and

many

of the seeds in the

were poor and aborted. Therefore the flowers
which were visited by bees produced between five and six
times as many seeds as those which were protected. The
covered-up plants not having been much exhausted by seedbearing, bore a second considerable crop of flower-stems,
whilst the exposed plants did not do so.
Cytisus laburnum (Leguminosse).
Seven flower- racemes ready to
expand were enclosed in a large bag made of net, and they
did not seem in the least injured by this treatment. Only
three of them produced any pods, each a single one and
these three pods contained one, four, and five seeds.
So
that only a single pod from the seven racemes included a
latter lot

—

;

fair

complement of

seeds.

—

Cuphea purpurea (Lythraceae). Produced no seeds. Other flowers
on the same plant artificially fertilised under the net yielded
seeds.

—

Vinca major (Apocynaceae). Is generally quite sterile, but sometimes sets seeds when artificially cross-fertilised
see my
:

notice,
V. rosea.

—

Gardeners' Clu'onicle,' 1861, p. 552.
Behaves in the same manner as the last species:
'

Gardeners' Chronicle,' 1861, pp. 699, 736, 831.
Taherncemontana echinata (Apocynaceae). Quite sterile.
*

—
—Quite
(Solanacese). — Tinzmann

Petunia violacea (Solanacese).
observed.

Sola7ium tuberosum

sterile,

Chronicle,' 1846, p. 183) that

some

as far as I have

says ('Gardeners'

varieties are quite sterile

unless fertilised by pollen from another variety.

Primula
is

scotica (Primulaceae).

fertile

with

own

its

insects are excluded.

— A non-dimorphic species, which

pollen, but is extremely sterile if

J. Scott, in

'

Journal Linn. Soc. Bot.'

vol. viii. 1864, p. 119.

Cortusa matthioU (Primulacese).— Protected plants completely
sterile;

artificially

self-fertilised flowers

J. Scott, ibid. p. 84.

—
—

perfectly fertile.

Cyclamen persiciim (Primulaceae). During one season several
covered-up plants did not produce a single seed.
Borage officinalis (Boraginaceie). Protected plants produced
about half as many seeds as the unprotected.
Salvia tenori (Labiatae).
Quite sterile; but two or three flowers

—

—
;
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on the summits of three of the spikes, which touched the
when the wind Wew, produced a few seeds. 'Jhis
sterihty was not due to the injurious effects of the net, for I
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 yielded seeds.
coccinea.
tSome covered-up plants produced a good many
fruits, but not, 1 think, half as many as did the uncovered
plants twenty-eight of the fruits spontaneously produced
by the protected plant contained on an average only 1*45
net

S.

—

;

seeds, whilst some artificially self- fertilised fruits on the
same plant contained more than twice as many, viz., 3 3
*

seeds.

Bignonia (unnamed species) (Bignoniaceaj),— Quite sterile: see
my account of self-sterile plants.
Digitalis jpurpurea (Scropliulariacese).
Extremely sterile, only a
few poor capsules being produced.
Linaria vulgaris (Scrophulariaceae). Extremely sterile.
Antirrhinum maj'us, red var. (Scrophulariaceae). 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-bees contained 23 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.

A. majus (white var., with a pink mouth to the corolla).
Fifty pods, of which only a very few were empty, on a
covered-up plant contained 20 grains weight of seed; so
that this variety seems to be much more self-fertile than
With Dr. W. Ogle ('Pop. Science
the previous one.
Keview,' Jan. 1870, p. 52) a plant of this species was much
sterile when protected from insects than with me, for

more

As showing the
produced only two small capsules.
I may add that Mr. Crocker castrated some
young flowers and left them uncovered and these produced
as many seeds as the unmutilated flowers.
A. majus (peloric var.). This variety is quite fertile when artificially 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.
it

efficiency of bees,

;

—

364

PLANTS STERILE WITHOUT INSECT-AID.

Verbascunvphoemceum (Scrophulariaceae).
/
-1
i
mgrum. r^
Quite sterile

Tr
V.

—

.

Campanula carpathica

(Lobeliaceae).

Lobelia ramosa (Lobeliacese).

—

Chap. X.

— Quite sterile

^^^^

^c{.count of self.

)

— Quite

sterile plants.

sterile.

Qaite sterile.
never visited in my garden by bees,
and is quite sterile but in a nursery-garden at a few miles'
distance I saw humble-bees visiting the flowers, and they

L./ulgens,

— This plant

is

;

produced some capsules.

—

Isotoma (a white-flowered var.) (Lobeliaceae). Five plants left
unprotected in my greenhouse produced twenty-four fine
capsules, containing altogether 12 2 grains weight of seed,
•

and thirteen other very poor capsules, which were rejected.
Five plants protected from insects, but otherwise exposed
to the same conditions as the above plants, produced sixteen
fine capsules, and twenty other very poor and rejected ones.
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
tlirice as many seeds by weight as the protected plants.
LeschenauUia formosa (Goodeniaceae).

ments on

this plant,

—Quite

sterile.

My experi-

showing the necessity of insect

aid,

Gardeners' Chronicle,' 1871, p. 1166.
Senecio cruentus (Compositae).
Quite sterile
see my account of
are given in the

*

—

:

self-sterile plants.

Heterocentron

—

mexicanum (Melastomaceae). Quite sterile
but
and the following members of the group pro;

this species

duce plenty of seed when artificially self-fertilised.
Bhexia glandulosa (Melastomaceae). Set spontaneously only two

—

or three capsules.

—

Centradmia yZor /6m »cZa (Melastomaceae). During some years produced spontaneously two or three capsules, sometimes
none.

—

Pleroma (unnamed species from Kew) (Melastomaceae). During
some years produced spontaneously two or three capsules,
sometimes none.
Monoclmtum enmferum (Melastomaceae). During some years produced spontaneously two or three capsules, sometimes

—

none.

Hedychium (unnamed species) (Marantaceae).
without
Orchidece.

—Almost

self-sterile

aid.

— An

immense proportion of the

insects are excluded.

species sterile, if

Chap. X.
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List of Plants, which when protected from Insects are
either quite Fertile, or yield more than half the Number

of Seeds produced hy unprotected Plants,
Passijlora gracilis (PassifloraceiB).

— Produces

many

fruits,

but

these contain fewer seeds than fruits from intercrossed flowers.

Brassica oleracea (Cruciferee).

— Produces

many

capsules, but

these generally not so rich in seed as those on uncovered
plants.

—

Baphanus sativufi (Cruciferae). Half of a large branching plant
was covered by a 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

1'85 seeds, that is, only a little more than half the number.
This plant might perhaps have been more properly included
in the former list.
Highly fertile.
Iberis umhellata (Crucifene).

—

—

amara. Highly fertile.
Reseda odorata and. lutea (Eesedacese).
/.

— Certain individuals com-

pletely self-fertile.

—

EuryaJe ferox (Nymphseaceae). ProfessorCaspary informs me that
this plant is highly self-fertile when insects are excluded.
He
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
but Dr. Hooker assures me that to
last fifty-six generations
his knowledge it has been repeatedly introduced, and that at
Kew the same plant both of the Euryale and of the Victoria
produce several flowers at the same time.
Nymphcea (Nymphseacese).— Some species, as I am informed by
Professor Caspary, are quite self-fertile when insects are
;

;

excluded.

Adonis

cestivalis

fessor H.

(Eanunculacese).

Hoffmann

(*

—Produces,

according to Pro-

Speciesfrage,' p. 11), plenty of seeds

when protected from insects.
Ranunculus acris (Kanunculacese). Produces plenty of seeds
under a net.
Papaver somniferuw, (Papaveracesa). Thirty capsules from uncovered plants yielded 15*6 grains weight of seed, and thirty
capsules from covered-up plants, growing in the same bed,

—
—

;
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yielded 16 5 grains weight
•

;
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so that the latter plants were

more productive than the uncovered. Professor H. Hoffmann
('

Speciesfrage/ 1875, p. 53) also found this species self-fertile
protected from insects.

when

—

P. vagum. Produced late in the summer plenty of seeds, which
germinated well.
P. aryemonoides
According to HUdebrand C Jahr]
GUucimn luteum (Papavmce=B)
.

.

.

.

.

^^Zs^i^^SUli^Sli

Argemone ochroleuca (Pa2)averace£e) j are by no means sterile.
Adlumia cirrhosa (FumariacesD). Sets an abundance of capsules.
Eypecoum procumhens (Fumariace£e). Hildebrand says (idem),
.

—

with respect to protected flowers, that " eine gute Pruchtbildung eintrete."
Fumaria officinalis (FumariaceEe). Covered-up and unprotected
plants apparently produced an equal number of capsules,
and the seeds of the former seemed to the eye equally good.
I have 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. cafreolata. 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. Nevertheless, as

—

—

the nectary contains

much

nectar, especially in the evening,

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 proI

felt

manner

portion of the flowers, in the same

as follows

when

a thick bristle is pushed into the nectary so that in this
respect they resemble the flowers of Cwydalis lutea. Thirtyfour heads, each including many flowers, were examined,
;

and twenty of them had fi'om one to four flowers, whilst
fourteen had not a single flower thus opened. It is therefore clear that some of the flowers had been visited by
yet almost all produced
insects, v/hile the majority had not
;

Linum

—Appears to be quite
(Balsaminacese). — The flowers, though

usitatissimum (Linaceae).

H. Hoffmann,

'

Jmpatiens harbigera

fertile.

Bot. Zeitung/ 1876, p. 566.

ex-
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by the bees which

them, set abundantly under a net.
/. noli-me-tamjere (Balsaminacea)).
This species produces cleistogamic and perfect flowers. A plant was covered with a net,
and some perfect flowers, marked with threads, produced
eleven spontaneously self-fertilised capsules, which contained
on an average 3 "45 seeds. I neglected to ascertain the
number of seeds produced by perfect flowers exposed ^o the
visits of insects, but I believe it is not greatly in excess of
the above average. Mr. A. W. Bennett has carefully described
the structure of the flowers of /. fulva in Journal Linn. Soc'
vol. xiii. Bot. 1872, p. 147.
This latter species is suid to
be sterile with its own pollen {' Gard. Chronicle,' 18G8, p.
1286), and if so, it presents a remarkable contrast with 1.
barbigerum and noli-me-tangere.
Limnanthes douglasii (Geraniace£e). Highly fertile.
Viscaria oculata (Caryophyllacese).— Produces plenty of capsules
with good seeds.
Stellaria media (Caryophyllaceae).
Covered-up and uncovered
plants produced an equal number of capsules, and the seeds
in both appeared equally numerous and good.
Beta vulgaris (Chenopodiacese). Highly self-fertile.
Vicia sativa (Leguminosae).
Protected and unprotected plants
produced an equal number of pods and equally fine seeds.
If there was any difference between the two lots, the coveredup plants were the most productive.
This species bears the smallest flowers of any
V. hirsuta.
British leguminous plant.
The result of covering up plants
freely visit

—

'

—

—

—

—

—

was exactly the same as in the last species.
Pisum sativum (Leguminosse).— Fully fertile.

—
—
—
—Produced plenty of pods.
L.
Ononis minutisuma (Leguminosie). — Twelve perfect flowers on a
Lathjrus odoratus (Leguminosse). Fully fertile.
Fully fertile.
Lupinus luteus (Leguminosse). Fairly productive.
L. nissolia.

pilosus.

plant under a net were marked by threads, and produced
Pods
eight pods, containing on an average 2 "38 seeds.

produced by flowers visited by insects would probably have
contained on an average 3 "66 seeds, judging from the effects
of artificial cross-fertilisation.

— Quite
— The excessively small flowers

Phaseolus vulgaris (Leguminosai).

Trifdium arvense (Leguminosae).

fertile.
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by hive and humble-bees. When
were excluded the flower-heads seemed to produce as
many and as fine seeds as the exposed heads.
procumhens. On one occasion covered-up plants seemed to
are incessantly visited

insects

T.

—

yield as

many

seeds as the uncovered.

On

a second occasion

sixty uncovered flower-heads yielded 9 1 grains weight of
•

on protected plants yielded no

seeds, whilst sixty heads

less

17 "7 grains; so that these latter plants were much
more productive but this result I suppose was accidental.
than.

;

and have never seen the
by insects but I suspect that the flowers of
this species, and more especially of TrifoUum minus, are
frequented by small nocturnal moths which, as 1 hear from
Mr. Bond, haunt the smaller clovers.
I have often watched this plant,

flowers visited

;

—

Medicago hipulina (Leguminosse). On account of the danger of
losing the seeds, I was forced to gather the pods before they
were quite ripe 150 flower-heads on plants visited by bees
yielded pods weighing 101 grains; whilst 150 heads on
protected plants yielded pods weighing 77 grains.
The
inequality would probably have been greater if the mature
seeds could have been all safely collected and compared.
Ig. Urban (Keimung, Bluthen, &c., bei Medicago, 1873) has
described the means of fertilisation in this genus, as has the
Kev. G. Henslow in the Journal of Linn. Soc. Bot.' vol. ix.
1866, pp. 327 and 355.
Nicotiana tcibacum (Solanaceae). Fully self-fertile.
Ipomcea purpurea (Convolvulaceae). Highly self-fertile.
Leptosiphon androsaceus (Polemoniacese). Plants under a net
produced a good many capsules.
;

'

—

Primula

mollis (Primulacese).

—

—

—A homomorphic species,
—

self-fer-

Journal Linn. Soc. Bot.' vol. viii. 1861, p. 120.
Nolana prostrata (Nolanaceee). Plants covered up in the gi*eenhoiise, 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 (Labiat£e).— Set a good many seeds but none of
the stems under a net produced so many as several uncovered stems growing closely by.
Euphrasia officinalis (Scrophulariacese). Covered-up plants produced plenty of seed whether less than the exposed plants I
cannot say. I saw two small Dipterous insects (Dolichopos
nigripennis and Empis chioptera) repeatedly sucbing the
tile: J. Scott, in'

;

—

;
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flowers
bristles

;

301:)

as they crawled into them, they rubbed against the
which project from the anthers, and became dusted

with pollen.
Veronica agrestis (Scrophulariaceae).

— Covered-up plants produced

know whether any insects
have observed Syrphidae repeatedly
covered with pollen visiting the flowers of V. hedercnfolia and

an abundance of
visit the flowers

;

seeds.

but

I do not

I

chamcedrys.

Mimulus

luteus (Scrophulariaceffi).

— Highly

self-fertile.

Calceolaria (greenhouse variety) (Scrophulariacese).

—Highly

self-

fertile.

Verbascum thapsus (Scrophulariacese).
V. lychnitis.

Vandellia

—Highly

— Highly

self-fertile.

self-fertile.

nummular ifolia

(Scrophulariaceae).

—Perfect

flowers

produce a good many capsules.

—

Covered-up plants produced
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-

Bartsia odontites (Scrophulariacese).
a good

many seeds

;

bees.

—

Specularia speculum (Lobeliacese).

Covered plants produced
almost as many capsules as the uncovered.
Lactuca sativa (Compositae). Covered plants produced some

—

but the summer was wet and unfavourable.
Galium aparine (Kubiaceae). Covered plants produced quite as
seeds,

—

many seeds as the uncovered.
Ainum pdroselinum (Umbelliferse).

—

Covered plants apparently
were as productive as the uncovered.
A single plant in the greenhouse
Zea mays (Gramineae).
produced a good many grains.
Caima warscewiczi (Marantaceae). Highly self-fertile.
Orchidacece.
In Europe Ophrys apifera is as regularly selffertilised as is any cleistogamic flower. In the United States,
South Africa, and Australia there are a few species which
These several cases are given in
are perfectly self-fertile.
the 2nd edit, of my work on the Fertilisation of Orchids.
Allium cepa (blood red var.) (Liliaceie). 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
whilst those on a fine head from under the net
in number
were only 199.

—

—

—

—

;
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Eacli of these

same number
in the

lists

contains by a mere accident the

The genera
include sixty -five species, and those in

of genera, viz., forty-nine.*

first list

the second sixty species
excluded.

number

;

the Orchidege in both being

If the genera in this latter order, as well as

in the Asclepiadse

the

Chap. X,

and Apocynacese, had been included,

of species which are sterile if insects are

excluded would have been greatly increased but the
lists are confined to species which were actually experimented 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

the mere fact of more than half of

within the specified degree,

when

them being

but

;

sterile

insects are excluded,

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-fertilisation.
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
is

a striking one

;

for

;

* The plants in these two lists
are entomopliilous, or adapted for
fertilisation by insects, with the
exception of Zea and Beta, which
are auemophilous or fertilised by
the wind. I may therefore here
repeat that, according to Rimpan (' Landwirth. Jarbuch,' B. vi.
1877, pp. 192-233, and p. 1073),
Rye is sterile if the access of
pollen from other plants is prevented whereas wheat and barley
are quite fertile under these conditions. Rimpan states (p. 199) that
the different varieties of wheat behave differently with respect to
;

and cross-fertilisation. He
removed at an early age all the
self

anthers from the florets of one
variety of wheat, which nevertheless produced a considerable number of grains, being fertilised by
the surrounding plants. I state
this fact, because Mr. A. S. Wilson concludes from his excellent
experiments ('Gardeners' Chronicle 1874, March 21. p. 875) that
'

wheat is invariably self-fertilised,
and no doubt it is so generally.
Mr. Wilson believes that all the
pollen shed by the exserted anthers
is absolutely useless.
This is a
conclusion which it would require
very rigid proof to make
admit.

me

to

:
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which preand such flowers

flowers were selected for experiment

sented some remarkable structure

;

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
often require insect-aid.

;

excluded, only about twenty-one out of the forty-nine

any remarkable peculiarity.
Means of cross-fertilisation. The most important of
all the means by which pollen is carried from the
anthers to the stigma of the same flower, or from flower
are asymmetrical or present

to

flower,

are

insects,

—

belonging to the

Hymenoptera, Lepidoptera, and Diptera
parts of the world, birds.*

* I will here give all the cjises
to me of birds fertilising

known

flowers.

In South Brazil, hum-

ming

- birds
certainly
fertilise
various plants which are steiile
without their aid: (Fritz Miiller,
' Bot. Zeit.'
1870, pp. 274-5, and
'Jen. Zeit. f. Naturwiss.' B. vii.
Long-lxniked hum1872, 24.)
ming-birds visit tl e flowers of
Brugmansia, whilst some of the
short-beaked species often penetrate its large corolla in order to
obtain the nectar in an illegitimate
manner, in the same manner as
do bees in all parts of the world.
It appears, indeed, that the beaks
of humming-birds are specially
adapted to the various kinds
of flowers which they vi^it: on
tiie
they suck the
Cordillera
Salvia}, and lacerate the floweis
in Nicaragua,
of the Tacsoniaj
Mr. Belt saw tliem sucking the
flowers of Marcgravia and Erytlirina, and
tbus they carried
pollen from flower to flower. In
North America they are said to
frequent the flowers of Imputiens
;

Next
(Gould,

;

orders

of

and in some

in importance, but

Introduction to the TroGard.
120
Chronicle,' 1869, p. 389; 'The
Naturalist in Nicaragua,' p. 129;
'Journal of Linn. Soc. Bot.' vol.
xiii. 1872, p. 151.)
I may add
that I often saw in Chile a Mimus
with its head yellow with pollen
from, as I believe, a Cassia.
I
have been assured that at the
'

chilida?,' 18G1, pp. 15,

Cape

of

Good Hope,

;

'

Strelitzia is

by

the Ntctarini'^ae.
There can hardly be a doubt that
many Australian flowers are f( rtilised by the many honey-sucking
birds of that country.
Mr. Wallace remarks (Address to the Biological Section, Brit. Assoc. 1876^
that he has "often observed the
beaks and faces of the brushto ;igued lories of the Molu cas
covered with pollen."
In New
Zealand many specimens of the
fertilised

Anthorms melanura

ad the'r
heads coloured with pollen from
the flowers of an endemic species

of

Fucht^ia

New

:

Zealand

(Potts,

l

'

Transrtct.

Institute,' vol.

1870, p. 72.)
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in a quite subordinate degree, is the

some aquatic

wind

;

and with

plants, according to Delpino,* currents of

The simple

water.

Chap. X.

fact of the necessity in

many

of extraneous aid for the transport of the pollen,

cases

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 important one being the production
of sfeeds by any means, and the second, cross-ferti;

\j

lisation.

The advantages derived from

throw

cross-fertilisation

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

adjoining parts, such as the peduncles, bractese, even
true leaves, as with Poinsettia, &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

con-

gained at the expense even of the
reproductive organs, as with the ray-florets of many
Compositae, the exterior flowers of Hydrangea, and the
terminal flowers of the Feather-hyacinth or Muscari.
spicuousness

There

\

is

is

also reason to believe,

of Sprengel, that flowers

difi'er

and

this

was the opinion

in colour in accordance

^ w ith the kinds of insects which frequent them.
* See also Dr.
1871, p. 444.

Ascherson's intercBting essay in

'

Bot.

Zeitung,'

Chap. X.
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colours of flowers serve to

and marks

attract insects, but dark-coloured streaks

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
of the upper or lower petals or they may form

more

;

a dark ring round the tubular part of the corolla, or
be confined to the lips of an irregular flower. In the

white varieties of many flowers, such as of Digitalis
purpurea, Antirrhinum majus, several species of Dianthus, Phlox, Myosotis, Ehododendron, Pelargonium,

Primula, and Petunia, the marks generally persist,
whilst the rest of the corolla has become of a pure

but this may be due merely to their colour
more
intense and thus less readily obliterated.
being
Sprengel's notion of the use of these marks as guides
white

;

appeared to me for a long time fanciful for insects,
without such aid, readily discover the nectary and
bite holes through it from the outside.
They also
discover the minute nectar-secreting glands on the
Moreover, some
stipules and leaves of certain plants.
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-N^
trical flowers, the entrance into which would be apt to
puzzle insects, than on regular flowers. Sir J. Lubbock
has also proved that bees readily distinguish colours,
and that they lose much time if the position of honey
which they have once visited be in the least changed.^
The following case affords, I think, the best evidence
;

;

'

British

Wild Flowers

in relation to Insects,' 1875, p. 44.

;
;
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that these marks have really been developed in corre-

The two upper

lation with the nectary.

common Pelargonium are thus marked

petals of the

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
Therefore the nec-

of the upper petals loses its mark.

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
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 distinct 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.
Nageli 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.* It would appear that they
must be guided by the simultaneous action of sight
and smell, for M. Plateau j found that excellently
made, but not scented, artificial flowers never deceived
them. It will be shown in the next chapter that the
flowers of certain plants remain fully expanded for
;

*

'

Enstehung,

&c.,

der Natur-

hist. Art.'

t

'

1865, p. 23.
Proceedings of the

French

for the
Science,' 1876.

Assoc.

Advanceraent of
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(lays or

weeks and do not attract any insects
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and

;

it is

probable that they are neglected from not having as
yet secreted any nectar or become odoriferous. Nature

may

be said occasionally to try on a large scale the
as that by M. Plateau.
Not a fewflowers are both conspicuous and odoriferous.
Of all
colours, white is the prevailing one
and of white

same experiment

;

flowers a considerably larger proportion smell sweetly

than of any other colour, namely, 14*6 per cent. of
red, only 8 2 per cent, are odoriferous.*
The fact of
a larger proportion of white flowers smelling sweetly
may depend in part on those which are fertilised by
moths requiring the double aid of conspicuousness in
the dusk and of odour. Most flowers which are fertilised by crepuscular or nocturnal insects emit their
odour chiefly or exclusively in the evening, and they
are thus less likely to be visited and have their nectar
;

•

stolen

by ill-adapted diurnal

insects.

Some

flowers,

however, which are highly odoriferous depend solely

on

this quality for their fertilisation,

such as the night-

flowering stock (Hesperis) and some species of Daphne

;

and these present the rare case of flowers which are
fertilised by insects being obscurely coloured.

The

storage of a supply of nectar in a protected place

So

is

manifestly connected with the visits of insects.

is

the position which the stamens and pistils occupy,,

either permanently or at the proper
their

stand in

period through

when mature they invariably
the pathway leading to the nectary. The

own movements

;

for

shape of the nectary and of the adjoining parts are
likewise related to the particular kinds of insects which
* The colours and odours of
the flowers of 4200 species have
been tabulated by Laudj^rabe,

and by

Scliiibler

and

Kohbr,

I have not seen their original
works, but a very full abstract
Gardeners'
is given in Loudon's
Mag.' vol. xiii. 1837, p. 3G7.
'
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habitually visit the flowers

by H. Mtiller by
which are chiefly

;

this has

Chap. X.

been well shown

his comparison of lowland species

visited by bees, with alpine species
belonging to the same genera which are visited by
Flowers may also be adapted to certain
butterflies.*
kinds of insects, by secreting nectar particularly attracof which
tive to them, and unattractive to other kinds
;

most striking instance
visited exclusively by wasps.

fact EpipaotisJcitifoUa offers the

known

to

me, as

it

is

such as the hairs within the
which apparently
serve to exclude insects that are not well fitted to bring
pollen from one flower to another.! I need say nothing
here of the endless contrivances, such as the viscid
glands attached to the pollen-masses of the Orchideae
Structures also

exist,

corolla of the foxglove (Digitalis),

and Asclepiadae, or the viscid or roughened

state of

many plants, or the irritability of
stamens which move when touched by insects, &c.,

the pollen-grains of
+their

— as

all

these contrivances evidently favour or ensure

cross-fertilisation.

All ordinary flowers are so far open that insects can
an entrance into them, notwithstanding that

force

some, like

the

Papilionaceous

Snapdragon (Antirrhinum), various
and Fumariaceous flowers, are in

appearance closed.
openness

is

It

cannot be maintained that their

necessary for fertility, as cleistogamic flowers

which are permanently closed yield a

Vof

seeds.

Pollen contains

* 'Nature,' 1874, p.

110; 1875,
1876, pp. 210, 289.
'
t Belt, Tlie Naturalist in NiKerner
caragua,' 1874, p. 132,
lias shown in his admirable essay,
p.

190

;

Die Schutzmittel der Bliithen
gegen unberufene Gaste, 1826,'

'

—

that many structures hairs, viscid
glands, the position of the parts,

much

full

complement

nitrogen and phos-

&c.— protect the flowers from the
access of crawling or wingless
insects, which would steal the
nectar, and yet, as they do not
commonly carry pollen from one
plant to another, but only from
flower to flower on the same
plant, would confer no benefit to
the species.
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phorus the two most precious of all the elements for
the growth of plants but in the case of most open
flowers, a large quantity of pollen is consumed by
pollen-devouring insects, and a large quantity is
destroyed during long-continued rain. With many

—

is guarded against, as far as
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

plants this latter evil

is possible,

—
—

weather.
so

many

than

is

In order to compensate the

loss of pollen in

ways, the anthers produce a far larger amount

necessary for the fertilisation of the same flower.

this from my own experiments on Ipomoea,
given in the Introduction and it is still more plainly
shown by the astonishingly small quantity produced
by cleistogamic flowers, which lose none of their pollen,
in comparison with that produced by the open flowers
borne by the same plants and yet this small quantity

I

know

;

•

;

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 Paeony 3,654,000.J A single plant of Typha
produced 144 grains by weight of pollen, and as this
plant is anemophilous with very small pollen-grains.
suffices for the fertilisation of all their

* Mr. Blackley observed that
the ripe anthers of rye did not
dehisce whilst kept under a bellglass in a damp atmosphere,
whilst other anthers exposed to
the same temperature in the open
air dehisced freely. He also found
much more pollen adhering* to
the sticky slides, which were
attached to kites and sent high

up

in tlie atmosphere,

first fine

during the
after wet

and dry days

than at other tinus
Experimental Kesearches
on

weather,
'

Hay
t

:

Fever,' 1873, p. 127.
'

Die Schutzmittel des Pol-

lens,' 1873.

X

'Annals and

INIag.

of Nat.

Hist.' vol. viii. I84'2. p. 108.
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above weight must have been
of this from the following
facts
Dr. Blackley ascertained * by an ingenious
method, that in the three following anemophilous plants,
a single grain-weight of the pollen of Lolium perenne
contained 6,032,000 grains; the same weight of the
pollen of Flantago lanceolata contained 10,124,000
their

in

tlie

We may judge

prodigious.
:

grains and that of Scirpus laeustris, 27,302,050 grains.
Again Mr. A. S. Wilson estimated by micro-measurementf that a single floret of rye yielded 60,000 pollengrains, whilst one of spring wheat yielded only 6864
grains. The editor of the Botanical Kegister counted
the ovules in the flowers of Wistaria sinensis, and carefully estimated the number of pollen-grains, and he
;

'

'

found that for each ovule there were 7000 grains.^ With
Mirabilis, three or four of the very large pollen-grains
are sufficient to fertilise an ovule but I do not know
how many grains a flower produces. With Hibiscus,
Kolreuter found that sixty grains were necessary to fertilise all the ovules of a flower, and he calculated that
4863 grains were produced by a single flower, or eightyone times too many. With Geum urhanu7n, however,
according to Gartner, the pollen is only ten times too
much.§ As we thus see that the open state of all
ordinary flowers, and the consequent loss of much
pollen, necessitate the development of so prodigious an
excess of this precious substance, why, it may be asked,
are flowers always left open ?
As many plants exist
throughout the vegetable kingdom which bear cleistogamic flowers, there can hardly be a doubt that all
;

'

New

Observations on

Fever,' 1877, p. 14.
t Gardeners' Chronicle,'

Hay

'

1874, p.
X

March

37t5.

Quoted

in

'

Gard.

1846, p. 771.
^ Kolreuter, Vorlaufige Nnchricht,' 1761, p. 9.
Gartner, Beitrage zur Keuntniss,' &c. p. 346.
'

.

Chron.'

*
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open flowers might easily have been converted into
The graduated steps by which this proclosed ones.
cess could have been effected may be seen at the
present time in Lathyrus nissoliay Biophytuni senThe answer to the
sitivum, and several other plants.
above question obviously is, that with permanently
closed flowers there could be no cross fertilisation.
The frequency, almost regularity, with which pollen
is transported by insects from flower to flower, often
from a considerable distance, well deserves attention.*
This is best shown by the impossibility in many cases
of raising two varieties of the same species pure, if they
grow at all near together but to this subject I shall
;

presently return

;

also

by the many

cases of hybrids

which have appeared spontaneously both in gardens and
a state of nature. With respect to the distance from
which pollen is often brought, no one who has had any
experience would expect to obtain pure cabbage-seed,
for instance, if a plant of another variety grew within
two or three hundred yards. An accurate observer,
the late Mr. Masters of Canterbury, assured me that
he once had his whole stock of seeds " seriously affected
with purple bastards," by some plants of purple kale
which flowered in a cottager's garden at the distance of
half a mile no other plant of this variety growing any
;

*

An

experiment

made by Kol-

reuter (' Fortset^ung,' &c. 1763,
p. 69) affords good evidence on
IlihiKCUs vesicarius is
this bead.
strongly dichogamous, its pollen
being shed before the stigmas are

mature.
liowers,

other
every

Kolreuter marked 310
and put pollen from
on their stigmas

flowers
dny, so

that they were
thoroughly fertilised and' he left
the same number of other flowers
Afterto the agency of insects.
;

wards he counted the seeds of
both lots: the flowers which he
had fertilised with such astonishing care produced 11,237 seeds,
whilst those

produced

the insects
that is, a less
only 351
and thiii
left

10,88(5

number by

to

;

;

small inferiority is tully accounted
for by the insects not liaving

worked during some

day.-,

when

the weather was cold with continued rain.
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But the most striking case which has been reby 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
nearer.*

corded

P.

is

that

growing at the distance of above two

officinalis,

kilometres, or of about one English mile and a quarter.

who have long attended

All those

to hybridisation,

terms on the liability of castrated
flowers to be fertilised by pollen brought from distant
plants of the same species. J The following case shows
this in the clearest manner: Gartner, before he had
insist in the strongest

much

experience, castrated and fertilised 520
on various species with pollen of other genera
or other species, but left them unprotected for, as he
says, he thought it a laughable 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-

gained

flowers

;

;

;

Mr. W. 0. Marshall caught
than seven specimens of a
moth (Cucullia umbraticd) with

in his

the pollinia of the butterfly-orchis
{HabenaHa chloiantha) sticking
to their eyes, and, therefore, in
the proper position for fertilising
the flowers of this species, on an
i>land in Derwentwater, at the
distance of half a mile from any
place where this plant grew

Also Lecoq,

*

no

less

:

Nature,' 1872, p. 393.
t 'Revue des Sc. Nat.' 1875,
p. 331.
X See, for instance, the remarks
Amaryllidacese,'
by Herbert,
Also Gartner's
1837, p. 349.
strong expressions on this subject
*

'

p.

670

*

;

Bastarderzeugung.' 1849)
and Kenntniss der Be-

fruclitung,'

'

1844,
'

De

&c., 1845, p. 27.

pp.

510,

573.

la Fecondation,'

Some statements

have been published during late
years of the extraordinary ten-

dency of hybrid plants to revert
forms but as it is
not said how the flowers w^ere
protected from insects, it may be
suspected that they were often
fertilised with pollen
brought
from a distance from the parentto their parent

;

species.
§

'Kenntniss der Befruchtung,'

pp. 539, 550, 575, 57G.

—

CilAP.

pure plants, so that these flowers must have
by pollen brought by insects from a

fectly

been
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fertilised

and 600

distance of between 500

yards.*

It is of

course possible that some of these 202 flowers might
have been fertilised by pollen left accidentally in

but to show how
castrated
improbable this is, I may add that Gartner, during the
next eighteen years, castrated no less than 8042 flowers

them when they were

;

in a closed room and the seeds
from only seventy of these, that is considerably less
than 1 per cent., produced pure or unhybridised

and hybridised them

;

offspring.!

From

the various facts

now

given,

it is

evident that

most flowers are adapted in an admirable manner
cross-fertilisation.

present

likewise

Nevertheless, the greater

which

structures

are

manifestly

adapted, though not in so striking a manner, for

The

fertilisation.

chief of these

is

for

number
self-

their hermaphrodite

is, their including within
the same
male and female reproductive organs.
These often stand close together and are mature at
the same time so that pollen from the same flower

condition

;

that

corolla both the

;

cannot

be deposited at the proper period on the
There are also various details of structure

fail to

stigma.

for self-fertilisation.J
Such structures are
shown in those curious cases discovered by fl.
Miiller, in which a species exists under two forms,

adapted
best

one bearing conspicuous flowers
tion,

fitted for cross-fertilisa-

and the other smaller flowers

*
experiments
Henschel's
(quoted by Gartner, ' lieuntniss,'
&c., p. 574), which are worthless
in all other respects, likewi;;e

show how largely flowers are inHe castercrossed by insects.
trated many flowers on thirtyseven species, belonging to twenty-

fitted for self-fer-

two genera, and put on their
stigmas either no pollen, or pollen
from distinct genera, yet they all
seeded, and all the seedlings raised
from them were of coiirs(! pure,
Kenntniss,' &c. pp. 555, 576.
Miiller, Die Betruchtung,*
&c. p. 448.
f
j

*

H.

'

;

882

CROSS-FERTILISATIOX.

tilisation,

with

many

parts in

the
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latter

slightly-

modified for this special purpose.*

As two

most respects opposed, namely,
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.
objects in

cross-fertilisation

We can thus understand the great contrast in structure
between cleistogamic flowers, which are adapted exclusively for self-fertilisation, and ordinary flowers on the
same plant, which are adapted so as to allow of at least
The former are always
minute, completely closed, with their petals more or
less rudimentary and never brightly coloured
they

occasional cross-fertilisation.t

;

never secrete nectar, never are odoriferous, have very
small anthers which produce only a few grains of pollen,
and their stigmas are but little developed. Bearing

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,t the great contrast in appearance between these
two classes of flowers. Anemophilous flowers resemble

in

in

many

respects cleistogamic flowers, but differ widely

in not being

closed,

in producing an

* Nature,' 1873, pp. 44, 433.
f Fritz Miiller has discovered

the animal kingdom (' Jenaische Zeitschr.' B, iv. p. 451)
a case curiously analogous to that
of the plants which bear cleis-

in

togamic and perfect flowers.

He

finds in the nests of Termites, in
Brazil, males and females with

imperfect wings, which do not
leave the nests and propagate the
species in a cleistogamic manner,
but only if a fully-developed queen
after swarming dots not enter

extraordinary

The fully-devethe old nest.
loped males and females are
wingeti, and individuals from distiuct nests can hardly fail often
In the act of
to intercross.
swarming they are destroyed in
almost infinite numbers by a host
of enemies, so that a queen may
often fail to enter an old nest
and tlien the imperfectly developed males and females propagate
and kef-p up the stock,
X 'Journal of Linn. Soc' vol.
vii. Bot. 1863, p. 77.
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always incoherent, and
largely devehjpeJ or
We certainly owe the beauty and odour of
plumose.
our flowers and the storage of a large supply of honey
the stigma

in

is

being

often

to the existence of insects.

On

the Relation betiveen (he Structure

and Conspicuousand the Advan-

ness of Flowers, the Visits of Insects,
tages of Cross fertilisation.

been shown that there is no close
number of seeds produced by
flowers when crossed and self-fertilised, and the degree
to which their offspring are affected by the two processes.
I have also given reasons for believing that
the inefficiency of a plant's own pollen is in most cases
an incidental result, or has not been specially acquired
It has already

relation between the

for the sake of preventing self-fertilisation.

On

the

other hand, there can hardly be a doubt that dichogamy,

which prevails according

number

of species,

all

and

fertilisation

means

—

Hildebrand* in the greater

and that many mechanical structures
been acquired so as both to check self-

certain plants,

—have

to

—that the heterostyled condition of

to

favour

cross-fertilisation.

for favouring cross-fertilisation

The

must have been

acquired before those which prevent self-fertilisation
as
its

it

stigma should

unless

;

would manifestly be injurious to a plant that
it

fail

to

receive

its

own

had already become well adapted

pollen^

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

those of

many
*

—

for instance,

papilionaceous species.

Die Geschlechter Vertlieihing/ &c.

p. .S2.
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be admitted as almost certain that some
narrow elongated nectary, or a

structures, such as a

long tubular corolla, have been developed in order
that certain kinds of insects alone should obtain the

These insects would thus find a store of nectar
attacks of other insects
and
they would thus be led to visit frequently such
flowers and to carry pollen from one to the other.*
It might perhaps have been expected that plants
having their flowers thus peculiarly constructed would
profit in a greater degree by being crossed, than
ordinary or simple flowers; but this does not seem
Thus Tropwolum minus has a long
to hold good.
nectary and an irregular corolla, whilst Limnanthes
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 Ipomcea are regular; and the crossed seedlings of
nectar.

preserved from the

the

former

are

in

;

height to the self-fertilised as

100 to 76, whilst those of the Ipomoea are as 100 to
Fagopyrum is heterostyled and Anagallis collina
77.
is homostyled, and the crossed seedlings of both are
in height to the self-fertilised as 100 to 69.
With all European plants, excepting the comparatively rare anemophilous kinds, the possibility of
distinct individuals intercrossing depends on the
visits of insects; and H. Miiller 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

*

* See the interesting discussion on
Die Befruchtung,' &c. p. 431.

this

subject

by H.

Miiller,

INCONSPICUOUS FLOWERS.
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visited must be capable of self-fertilisation, otherwise
they would quickly become extinct. * There is, however, 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)

by small nocturnal Lepinumerous and are known to be

are not visited

doptera, which are so

strongly attracted by sugar, f The two lists given in
the early part of this chapter support Miiller's con-

and inconspicuous flowers are com-

clusion that small

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 inThe singularly inconspicuous
sects were excluded.

pletely self-fertile

;

Fly Ophrys

flowers of the

(0.

musci/era), as I have

elsewhere shown, are rarely visited by insects

;

and

it

a strange inslance of imperfection, in contradiction
to the above rule, that these flowers are not self-fertile,
is

so that a large proportion of

The converse

them do not produce

of the rule that

seeds.

plants bearing small

and inconspicuous flowers are self-fertile, namely, that
plants with large and conspicuous flowers are selfsterile, is far from true, as may be seen in our second
of spontaneously self-fertile species

list

;

for this list

Adonis
Verbascum thapsus, Pisum sativum, Lathyrus
odoratus, some species of Papaver and of Nymphaea,

includes such

species

as

Ipomoea purpurea,

mstivalis,

and

others.

The
*

'

rarity of the visits of insects to small flowers,

Befruchtung,'

&c.,

p. 426.

Nature/ 1873, p. 433.
t In answer to a question by
mo, the editor of an entomological

—

" The Deprosjournal writes
earia?, as is notorious to every

collector of Noctuse, come very
freely to sugar, and no doubt
naturally visit flowers :" the ' Entomologists' Weekly Intelligencer,'

18G0, p. 103.

2 0

;
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does not depend altogether on their inconspicuousness,

but likewise on the absence of some sufficient attraction
for the flowers of Trifolium arvense are extremely
small, yet are incessantly visited by hive and humblebees, as are the small and dingy flowers of the
The flowers of Linaria cymhalaria are
asparagus.
small and not very conspicuous, yet at the proper time
they are freely visited by hive-bees. I may add that,
according to Mr. Bennett,* there is another and quite
distinct 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 selffertilisation, as they shed their pollen before the flowers
expand.
That many flowers have been rendered conspicuous
for the sake of guiding insects to them is highly
probable or almost certain but it may be asked, have
other flowers been rendered inconspicuous so that they
may not be frequently visited, or have they merely
retained a former and primitive condition ? If a plant
were much reduced in size, so probably would be the
flowers through correlated growth, and this may possibly
account for some cases but the corolla, as I have elsewhere shown (' Difl"erent Forms of Flowers,' 1877, p.
143), is also liable to be greatly reduced, through the
direct action of unfavourable climate. Size and colour
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.

Papilionaceous flowers are manifestly

constructed in relation to the visits of insects, and

it

seems improbable, from the usual character of the
Nature,' 1869,

p. 11.

;
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group, that the progenitors of the genera Yieia and

minute and unattractive
and T. procumhens. 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 inconspicuous, so that they are now but little visited by
In either case they must also have acquired
insects.
retained
a high degree of self-fertility.
or
If it became from any cause advantageous to a species to have its capacity for self-fertilisation increased,
produced such

Trifolium

flowers as those of V. hirsuta

there

is

little difliculty in

believing that this could

readily be effected; for three cases of plants varying

manner as to be more fertile with their own
than they originally were, occurred in the
course of my few experiments, namely, with Mimulus,
Ipomoea, and Nicotiana. Nor is there any reason to
doubt that many kinds of plants are capable under
favourable circumstances of propagating themselves

in such a

pollen

very

for
is

many

generations by self-fertilisation.

the case with the varieties of

This

Pisum sativum and

of

Lathyrus odoratus which are cultivated in England, and
with Ophrys 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
We have

of the least use except for cross-fertilisation.

also seen reason to suspect that self-fertilisation is in

some peculiar manner
but
is

beneficial

to

certain plants

be really the case, the benefit thus derived
more than counterbalanced by a cross with a

if this

far

fresh stock or with a slightly different variety.

Notwithstanding the several considerations just
improbable that
it seems to me highly
plants bearing small and inconspicuous flowers have
been or should continue to be subjected to self2 c 2

advanced,
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fertilisation for a
so,

not from the

long series of generations. I think
evil which manifestly follows from

self-fertilisation, in

phila.

many

with Viola

ration, as
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Cyclamen, &c.

;

cases even in the

first

Sarothamnus,

tricolor,

gene-

Nemo-

nor from the probability of the

on this
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 cleistogamic, as they would thus have largely
benefited by having to produce only a small quantity
In coming to this conof safely-protected pollen.
clusion, I have been guided by the frequency with
which plants belonging to distinct orders have been
rendered cleistogamic. But I can hear of no instance
of a species with all its flowers rendered permanently
Leersia makes the nearest approach to
cleistogamic.
this state
but as already stated, it has been known
to produce perfect flowers in one part of Germany.
evil increasing after several generations, for
latter

;

Some

other plants of the cleistogamic class, for instance

Aspicarpa, have failed to produce perfect flowers during
several years in a hothouse

but it does not follow that
do so in their native country, any
more than with a Yandellia and Viola, which with me produced only cleistogamic flowers during certain years.*
Plants belonging to this class commonly bear both
kinds of flowers every season, and the perfect flowers
of Viola canina vield fine capsules, but only when
We have also seen that the seedlings
visited by bees.
of Ononis minutissima, raised from the perfect flowers
fertilised with pollen from another plant, were finer

they would

*

fail

;

to

These cases are given in

ch,

viii.

of my

'

Different

Forms of Flowers.'
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and

this

was

likewise the case to a certain extent with Vandellia.

As therefore no species which at one time bore perfect
though small and inconspicuous flowers has had all its
flowers rendered cleistogamic, I must believe that
plants now bearing small and inconspicuous flowers
profit by their still remaining open, so as to be occaIt has been one of
sionally intercrossed by insects.
my
work
in
that I did not
the greatest oversights
experimentise on such flowers, owing to the difficulty
of fertilising them, and to my not having seen the
importance of the subject.*
It should be remembered that in two of the cases in
which highly self-fertile varieties appeared amongst
my experimental plants, namely, with Mimulus and
Nicotiana, such 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 Fisum sativum and Lathyrus
odoratuSf which have been long propagated by selffertilisation.
Therefore until the contrary is distinctly
;

proved, I must believe that as a general rule small and

inconspicuous flowers are occasionally intercrossed by
insects

;

and that

after long-continued self-fertilisation.

Some of the species of Solabe good ones for such
experiments, for they are said by
H. MuUer (' Befruchtung,' p. 434)
to be unattractive to insects from
not secreting nectar, not producing
much pollen, and not being very
conspicuous.
Hence probably it
is that, according to Verlot (' Production des Varie'tes,' 1865, p. 72),
the varieties of " les aubergines
*

num would

et les

tomates" (species of Sola-

nura) do not intercross when they
are cultivated near together but
should be remembered that
it
thcbi: are
nut tudeniic fc^pecics.
;

On the other hand, the flowers of
the cominou potato (S. tuberosiiin)y
though they do not secrete nectar
(Kurr,
Bedeutung der Nehtarien,' 1833. p. 40), yet cannot bo
consiilered as inconspicuous, and
they are sometimes visited by
Diptera (Mullcr) and, as I have
by humble-bees.
Tinzseen,
manu (as quoted in 'Gardeners'
Chronicle,' ls40, p. 183) found
that some of the varieties did nut
bear seed whin fertilised with
pollen from the same variety, but
were fertile with that from an*
other variety.
'

MEANS OF CEOSS-FEKTILISATION.

390

Chap. X.

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.
if

Means

favour or ensure Flowers heing ferWe have seen
in four cases that seedlings raised from a cross between
flowers on the same plant, even on plants appearing
distinct from having been propagated by stolons or cuttings, were not superior to seedlings from self-fertilised
flowers and in a fifth case (Digitalis) superior only
Tlie

tilised

ivJiieh

with Pollen from a distinct Plant.

—

;

Therefore we might expect that
with plants growing in a state of nature a cross between

in a slight degree.

the flowers on distinct individuals, and not merely

between the flowers on the same plant, would generally
by some means. The fact of bees
and of some Diptera visiting the flowers of the same
species as long as they can, instead of promiscuously

or often be eflected

visiting various species, favours the intercrossing of
distinct plants.

search a large

On

the other hand, insects usually

number

of flowers on the

before they fly to another, and this
fertilisation.

is

same plant

opposed to cross-

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
as does the fact
the chance of cross-fertilisation
;

that they are not able to perceive without entering a
flower whether other bees have exhausted the nectar.

For

instance,

H. Miiller found* that
*

'Die Befruchtung,' &c.

four-fifths of the

p. 311.
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Lamium album which a humble-bee visited
had been already exhausted of their nectar. In order

flowers of

that distinct plants should be intercrossed,

it is

of course

indispensable that two or more individuals should grow

and this is generally the case. Thus
A. de CandoUe remarks that in ascending a mountain
the individuals of the same species do not commonly
disappear near its upper limit quite gradually, but

near one another

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 dioecious plants, distinct individuals

With monoecious
each other.
be carried from flower to flower,
there will always be a good chance of its being carried
from plant to plant. Delpino has also observed * the
curious fact that certain individuals of the monoecious
walnut (Juglans regia) are proterandrous, and others
proterogynous, and these will reciprocally fertilise each
other. So it is with the common nut (Corylus avellana), t
and, what is more surprising, with some few hermaphrodite plants, as observed by H. Miiller.t These
latter plants cannot fail to act on each other like
dimorphic or trimorphic heterostyled species, in which
the union of two individuals is necessary for full
and normal fertility.
With ordinary hermaphrodite
must always

fertilise

plants, as pollen has to

expansion of only a few flowers at the same
one of the simplest means for favouring the

species, the

time

is

intercrossing of distinct individuals; but this would
*
ii.

'

Ult. Osservazioni,' &c., part
ii. p. 337.
Nature,' 1875, p. 26.

fasc.

t

•

X

'

Die Befruchtung,'

285, 339.

«S:c.

pp.

;
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render the plants less conspicuous to insects, unless
the flowers were of large size, as in the case of several

bulbous plants.

Kerner thinks

*

that

it

is

for this

object that the Australian Villarsia parnassi/olia pro-

duces 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, distinct plants cannot fail to intercross.

So

with the American species of Drosera,^ and, as

it is

from Professor Caspary, with water-lilies.
Dichogamy, which prevails so extensively throughout
the vegetable kingdom, much increases the chance of
I hear

distinct individuals intercrossing.
species,

which

are

far

more

With proterandrous
common than pro-

young flowers are exclusively male
and the older ones exclusively female
bees habitually alight low down on the spikes

terogynous, the
in function,

and

as

of flowers in order to crawl upwards, they get dusted

with pollen from the upper flowers, which they carry
the stigmas of the lower and older flowers on

to

The degree

to which
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
But this whole
distinct plants should be intercrossed.

the next spike which they

visit.

distinct plants will thus be intercrossed

subject

requires

further investigation, as the

great

importance of crosses betw^een distinct individuals,
instead of merely between distinct flowers, has hitherto
been hardly recognised.
*
t

'

'

Die Schutzmittel,' &c. p. 23.
Transact. New Zealand In-

stitute,' vol. V. 1873, p. 356.

X

Asa Gray,

in

a review of this

work, in

'

American Journal of

Science,' vol.
135.

xiii.,

Feb. 1877, p.
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In some few cases the special movements of certain
organs almost ensure pollen being carried from plant
Thus with many orchids, the pollen-masse^
to plant.
after

becoming attached

insect do not

move

to the

head or proboscis of an \j

into the proper position for striking

the stigma, until ample time has elapsed for the insect

With

to fly to another plant.

Spiranthes autumnalis,

the pollen-masses cannot be applied to the stigma until

moved apart, and
With Fosoqueria fra-

the labellum and rostellum have
this

movement

very slow.*

is

grans (one of the Rubiacefc) the same end
the

movement

is

gained by

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
distinct 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

of

present subject,

is

that of a plant's

own

pollen over that

from a distinct species. If pollen from a distinct species
be placed on the stigma of a castrated flower, and then
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
If two varieties are treated in the same manner,
cases.
the result

nature

;

is

analogous, though of a directly opposite

for pollen

from any other variety

is

often or

generally prepotent over that from the same flower.

I

some instances the pollen of Mimulus luteus
regularly falls on the stigma of its own flower, for the

will give

:

'The Various Contrivances
15rilish and Foreign

by which

Orchids are fortilisotl,' 1st edit,
Second edit. 1877, p. 1 10.
p. 128.

1
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fertile
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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, Iheris umbellata is
;

spontaneously

self-fertile,

own

pollen from their
less,

and I saw an abundance of

flowers on the stigmas

;

neverthe-

of thirty seedlings raised from non-castrated flowers

of a crimson variety crossed with pollen from a pink
variety, twenty-four bore pink flowers, like those of the
male or pollen-bearing parent.
In these two cases flowers were fertilised with pollen
from a distinct variety, and this was shown to be
prepotent by the character of the offspring. Nearly
similar results often follow when two or more self-fertile
varieties are allowed to grow near one another and are
visited by insects.
The common cabbage produces a
large number of flowers on the same stalk, and when

insects are excluded these set

rich in seeds.

many capsules, moderately

I planted a white Kohl-rabi, a purple

Kohl-rabi, a Portsr.outh broccoli, a Brussels sprout,

and a Sugar-loaf cabbage near together and

left

them

Seeds collected from each kind were sown
in separate beds and the majority of the seedlings in
uncovered.

;

beds were mongrelised in the most complicated
manner, some taking more after one variety, and some

all five

after

another.

The

effects

of

the Kohl-rabi were

particularly plain in the enlarged stems of

many

of the

Altogether 233 plants were raised, of which
155 were mongrelised in the plainest manner, and of
the remaining 78 not half were absolutely pure. I
repeated the experiment by planting near together
seedlings.

two

varieties of

cabbage with purple-green and white-

;
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green laciniated leaves; and of the 325 seedlings
raised from the purple-green variety, 165 had whitegreen and IGO purple-green leaves. Of the 466 seedlings 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 distinct plants, were it not for the prepotency
of pollen from another variety.*
Several varieties of the radish (Baphanus sativus),
which is moderately self-fertile when insects are excluded, were in flower at the same time in my garden.
Seed was collected from one of them, and out of twentytwo seedlings thus raised only twelve were true to their
;

kind.t

The onion produces a large number of flowers, all
crowded together into a large globular head, each
flower having six stamens so that the stigmas receive
plenty of pollen from their own and the adjoining
anthers.
Consequently the plant is fairly self-fertile
when protected from insects.
A blood-red, silver,
globe and Spanish onion were planted near together
;

A

*
writer in the ' Gardeners'
Chronicle' (1855, p. 730) says
that he planted a bed of turnips
{Brassica rapd) and of rape {B.

ling was true to its kind, and
several closely resembled rnpe.
t Duhamel, as quoted by God-

itapus) close together, and sowed
the seeds of the former. The
result was that scarcely one seed-

makes an analogous

ron,

'

De

I'Espoce,' torn.

with respect

i.

p. 50,

statement

to this plant,

:
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and seedlings were raised from each kind in four
In all the beds mongrels of various
kinds were numerous, except amongst the ten seedlings
from the blood-red onion, which included only two.
separate beds.

Altogether forty-six seedlings were raised, of which
thirty-one had been plainly crossed.

A

similar result

is

of

many other plants,

I

refer

known
if

to follow with the varieties

allowed to flower near together

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 intercrossing but I have collected evidence on the natural
crossing of varieties of the tulip, hyacinth, anemone,
;

ranunculus, strawberry, Leptosiphon androsaeeus, orange,

rhododendron and rhubarb, all of which plants I believe
to be self-fertile.*
Much other indirect evidence could
be given with respect to the extent to which varieties
of the same species spontaneously intercross.
Gardeners who raise seed for sale are compelled by
dearly bought experience to take extraordinary preThus Messrs. Sharp
cautions against intercrossing.
*

With

respect to tulips and

some other
'

De

flowers, see Godron,
I'Espece,' torn. i. p. 252. For

anemones,
Gard. Chron.' 1859,
For strawberries, see Herp. 98.
'

Transact, of Hort. Soc*
The same observer
elsewhere speaks of the spontaneous crossing of rhododendrons.
Gallesio makes the same statemeat with respect to oranges, I
have myself known extensive
crossing to occur with the common
rhubarb. For Leptosiphon, Verlot

bert in

'

vol. iv. p. 17.

'

Des Viiriete's,' 18G5,

not included in
nation,

p. 20.

my

Nemophila,

list

or

I

have

the CarAntir-

rhinum, the varieties of wliich are
known to cross freely, because
these plants are not always selffertile.
I know nothing about
the self-fertility of TroUius (Lecoq,

'

p. 93),

De

la

Fe'condation,'

which genera tlie
largely.
it is

1862,

Mahonia, and Criuum, in

now

species intercross

With respect to Mahonia,
scarcely possible to pro-

cure in this country pure specimens of M. aquifolium or repens;
and the various species of Criuum
sent by Herbert (• Amaryllidaca?,'
p. 32) to Calcutta, crossed there
so freely that pure seed could not

be saved.

;
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" 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

same variety interowing to this circumstance, that certain villages have become famous for
pure seed of particular varieties.* Only two trials
were made by me to ascertain after how long an interval
of time, pollen from a distinct variety would obliterate
more or less completely the action of a plant's own
pollen.
The stigmas in two lately expanded flowers on
are strong in favour of plants of the

crossing

;

and

it is

in chief part

a variety of cabbage, called Kagged Jack, were well
covered with pollen from the same plant. After an
interval of twenty-three hours, pollen from the Early

Barnes Cabbage growing at a distance was placed on
and as the plant was left uncovered,
"both stigmas
pollen from other flowers on the Kagged 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
affected, for they grew much more vigorously than the
self-fertilised seedlings from the Eagged Jack planted
at the same time and under the same conditions.
Secondly, I placed on several stigmas of a long-styled
cowslip (Primula veris) plenty of pollen from the same
plant, and after twenty-four hours added some from a
short-styled dark-red Polyanthus, which is a variety of
;

:

With
see

'

respect to Messrs. Sharp,
Gardeners' Chronicle,' 185G,

p. 823. Lindley's
ticulture,' p. 319.

'

Theory of Hor-

;
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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

though placed on the stigmas twentyfour hours previously, was quite destroyed by that of

own

pollen,

the red variety. It should, however, be observed that
these plants are heterostyled, and that the second union

was a legitimate one, whilst the first was illegitimate
but flowers illegitimately fertilised with their own pollen
yield a moderately fair supply of seeds.
We have hitherto considered only the prepotent
fertilising power of pollen from a distinct variety over
a plant's own pollen, both kinds of pollen being

—

placed on the same stigma. It is a much more remarkable fact that pollen from another individual of
the same variety
as

is

prepotent over a plant's own pollen,
of the seedlings raised

shown by the superiority

from a cross of this kind over seedlings from selfThus in Tables A, B, and C, there
fertilised flowers.
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.*

For

instance, with Ipomoea purjmrea every single inter-

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
crossed

;

* These fifteen species consist of
Brassiea oleracea, Beseda odoraia
and lutea, Limnanthes douglasH,

Papaver vagum, Viscaria
Beta vulgaris, Lupinus

oculata,
luteus,

Ipomoea purpurea, Mimulus luteuSy
Calceolaria, Verhascum ihapsus,
Vandellia nummular /folia, Lactuca saliva, and Zea mays.

;
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one of the former was mucli heavier than the

With Papaver vagum, out

of fifteen

two of the crossed plants were
fertilised opponents.

Of eight

taller

latter.

all

but

than their

self-

pairs,

pairs of

Lupinus

luteus,

but two of the crossed were taller of eight pairs
and of fifteen pairs of Zea
of Beta vulgaris all but one
mays all but two were taller. Of fifteen pairs of Limnanthes douglasii, and of seven pairs of Lactuca sativa,
all

;

;

every single crossed plant was taller than its self-ferIt should also be observed that in
tilised opponent.
particular care was taken to crossno
experiments
these
fertilise the flowers immediately after their expansion
it

is

therefore almost certain that in

many

of these

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
cases

;

from

my

experiments has surprised

me

so

much

as this

of the prepotency of pollen from a distinct individual

over each plant's

own

pollen, as proved

constitutional vigour

evidence of prepotency

by the greater

of the crossed seedlings.
is

The

here deduced from the com-

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

parative growth of the two lots of seedlings

;
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the effects of cross-fertilising flowers which are selffertile and have not been castrated, w^e may conclude
that pollen brought by insects or by the wind from
a distinct plant will generally prevent the action of
pollen from the same flower, even though it may have
been applied some time before and thus the intercrossing 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 distinct 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 beneficial as a cross between flowers on distinct trees, as we

may

from the inefficiency of pollen taken from
have been propagated from the same
The number
stock, though growing on separate roots.
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
infer

plants which

been

expected.

Nevertheless,

if

w^e

consider

how

numerous are the flowers on a great tree, an incomparably larger number 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 many species only a few flowers on the same
peduncle produce a seed and that these seeds are
often the product of only one out of several ovules
within the same ovarium. Now we know from the
experiments of Herbert and others * that if one flower
;

* 'Variation under Domestication,' ch. xvii.

2nd

edit. vol.

ii.

p. 120.
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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,

cross-fertilised.

if

other and adjoining flowers were

Of the

annually produced

flowers

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
to compensate for the accidental destruction of many
flowers by spring-frosts or otherwise, would be a very
great advantage to the species and when we behold
our orchard-trees covered with a white sheet of bloom
;

in the spring,

we should not

falsely accuse nature of

wasteful expenditure, though comparatively little fruit
is

produced in the autumn.
Anemo]philous Plants.

—The

nature and relations of

the wind have been
admirably discussed by Delpino* and H. Miiller and

plants which are fertilised by

;

* Delpino, 'Ult. Osservazioni
Bulla Dicogamia,' part ii. fasc. i.

1870; and 'Studi sopra un Lig-

naggio anemofilo,' &c. 1871.
'Die
pp. 412, 442.

Miiller,

H.

Befriichtung,' &c.
Both these authori

2
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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 spontaneous movement through the water or over damp
surfaces, or have been carried by currents of water to
the female organs. That some of the most ancient
plants, such as ferns, possessed true sexual organs there
can hardly be a doubt and this shows, as Hildebrand
remarks,* at how early a period the sexes were separated.
As soon as plants became phanerogamic and grew on
the dry ground, if they were ever to intercross, it would
;

be indispensable that the male fertilising element
should be transported by some means through the

and the wind is the simplest means of transport.
There must also have been a period when winged
insects did not exist, and plants would not then have been
rendered entomophilous. Even at a somewhat later
period the more specialised orders of the Hymenoptera,
Lepidoptera, and Diptera, which are now chiefly conair

;

cerned with the transport of pollen, did not exist.
Therefore the earliest terrestrial plants known to us,
namely, the Coniferse and Cycadeae, no doubt were anemophilous, like the existing species of these same
groups.

A

vestige of this

likewise shown by

early

state

of things

is

some other groups of plants which

are anemophilous, as these on the whole stand lower
in the scale than entomophilous species.
remark that plants must have

came

been anemophilous before they
were entomophilous. H. Miiller
further discusses in a very in-

acquired

steps
by
entomophilous flowers be-

teresting

which

manner the

nectariferous and gradually
theii' present structure
through
beneficial
successive

changes.
*
Die Geschlechter-Vertheilung,' 1867, pp. 84-90.
'
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There is no great difficulty in understanding how an
anemophilous plant might have been rendered entomoPollen

philous.

is

a nutritious substance, and would'\|

soon have been discovered and devoured by insects

and

any adhered

;

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
but pollen in this state can adhere
is its incoherence
to the hairy bodies of insects, as we see with some
Leguminosie, Ericaceae, and Melastomacese. We have,
if

to their bodies it

;

however, better evidence of the possibility of a transition of the above kind in certain plants being now

by the wind and partly by insects.
The cofnmon rhubarb (Bheum rhaponticum) is so far

fertilised partly

in an intermediate condition, that I have seen

Diptera sucking the flowers, with

and yet the pollen

to their bodies;

that clouds of

much

it

are emitted

if

many

pollen adhering

is

so incoherent,

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.

Although

it is

probable that pollen was aboriginally

the sole attraction to insects, and although
plants

now

sively

by pollen-devouring

exist

many

whose flowers are frequented excluinsects,

yet

the

majority secrete nectar as the chief attraction.

great

Many

years ago I suggested that primarily the saccharine
matter in nectar was excreted f as a waste product of
chemical changes in the sap and that when the ex;

* DieBefruchtunpj,' &c. p. 342.

was regarded by
De CandoUe aud Dunal as an
t

Nectar

excretion, as stated by Martinet
' Annal.
des Sc. Nat.' 1872, torn,
xiv. p. 211.

in

2 D 2

\^

:
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to occur within the envelopes of a

was utilised for the important object of
cross-fertilisation, being subsequently much increased
in quantity and stored in various ways.
This view
is rendered probable by the leaves of some trees excreting, under certain climatic conditions, without the
flower,

it

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
judge. Dr. Maxwell Masters,
having heard the discussions on
this subject before the Horticultural Society, he feels
no doubt on this head. Prof. H. Hoffmann has lately
fact,

a most capable

informs

me

that, after

(1876) described the case of the leaves of a young
camellia secreting profusely, without the possibility of

The leaves, as well as
manna ash (Fraxinus ornus)

intervention of aphides.

the

the cut stems, of the
secrete in a like

manner saccharine matter.* According

do the upper surfaces of the leaves
during hot weather. Many analogous facts could be given.t There are, however,
a considerable number of plants which bear small
glands t on their leaves, petioles, phyllodia, stipules,
to Treviranus, so

of

Carduus

arctioides

* ' Gard. Chron.' 1876, p. 242.
t Kurr, ' Untersnchungen iiber
die Bedeutung der Nektarien,'
1833, p. 115.
large number of cases are
X
given by Delpino in the 'Bul-

A

letino

Entomologico,'

Anno

vi.

To these may be added
1874.
those given in my text, as well
excretion of saccharine
tbe
as
matter from the calyx of two
species of Iris, and from the braciesQ of certain Orchidese see Knrr,
'Bedeutung der Nektarien,' 1833,
pp. 25, 28. Belt also refers (' Nicaragua,' p. 224) to a similar
:

excretion by many epiphytal orchids and passion-flowers.
Mr.
Rodgers has seen much nectar
secreted from the bases of the
flower-peduncles of Yanilla. Link
says that the only example of a

hypopetalous nectary known to
him is externally at the base of
the flowers of Chironia decussata
see Reports on Botany, Ray Society,' 1846, p. 355.
An important memoir bearing on this subject has lately appeared by Reinke
('Gottingen Nachrichten,' 1873,
p. 825), who shows that in many
plants the tips of the serrations
'
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on the outside of their
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 excretion manifestly depends on changes in the sap, confor I repeatedly
sequent on the sun shining brightly
observed that as soon as the sun was hidden behind
clouds the secretion ceased, and the hive-bees left the
bracteae, or flower peduncles, or

calyx,

;

but as soon' as the sun broke out again, they
I have observed an analogous
fact with the secretion of true nectar in the flowers of
field

;

returned to their feast.*

Lobelia erinus.

Delpino, however, maintains

by any

that

the power

of

organ has
been in every case specially gained, for the sake of
attracting ants and wasps as defenders of the plant
against their enemies but I have never seen any
reason to believe that this is so with the three species
secreting a sweet fluid

extra-floral

;

observed by me, namely, Prunus laurocerasus, Vicia
sativa, and F. faha.
No plant is so little attacked by

enemies of any kind in this country as the
bracken-fern (Pteris aquilina)
on the leaves in the bud bear
glands which secrete only at a
very early age, and which have
the same morphological structure
as true nectar-secreting glands.
He further shows that the nectarsecreting glands on the petioles
of Prunus avium are not developed at a very early age, yet
wither away on the old leaves.
They are homologous with those
on the serrations of the blades of
the same leaves, as shown by
their structure and by transitionforms; for the lowest serrations
on the blades of most of the leaves
secrete nectar instead of resin

;

and

yet,

as

common

my

son

(harz).
* I published a brief notice of
this case in the ' Gard. Chronicle,'

1855, July 21, p. 487, and afterwards made further observations.

Besides

the hive-bee, another
species of bee, a moth, ants, and
two kinds of flies sucked the
drops of fluid on the stipules.
The larger drops tasted sweet.
The hive-bees never even looked
at the flowers which were open
at the same time; whilst two
species of humble-bees neglected
the stipules and visited only the
flowers.
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discovered, the large glands at the bases

lias

of the fronds, but only whilst young, excrete

sweetish fluid, which

is

belonging to Myrmica

ants, chiefly

much

eagerly sought by innumerable

and these ants
any
however, ants attracted by the
;

certainly do not here serve as a protection against

enemy.

In

S. Brazil,

secretion to this plant, defend

it,

according to Fritz

Muller,* against other leaf-devouring and highly destructive ants

so that, if this fern originated in tropical

;

America, the capacity of secretion may have been
acquired for this special purpose. Delpino argues
that sugar-secreting glands ought never to be considered as merely excretory, because if they were so,
they would be present in every species but I cannot
see much force in this argument, as the leaves of some
plants excrete sugar only during certain states of the
S.

;

That in some cases the secretion serves to
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 Acaeia spJimrocephala, and on passionThis acacia likewise produces, as an additional
flowers.
weather.

attract insects as defenders of the plant,

much

attraction to ants, small bodies containing

oil

and protoplasm, and analogous bodies are developed
by a Cecropia for the same purpose, as described by
Fritz Miiller.t

The

excretion

of a sweet fluid

by glands seated

Nature,' June
sou Francis,

Acacia.

wiih interestino: extracts from a
letter by Fritz Muller.
t Mr. Kelt has given a most
The Natuinteresting account

My son

Francis has described the
microscopical structure and development of these wonderful foodbodies in a paper read before the

ralist in Nicaragua,' 1874, p.

Linnean Society.

*

See a

letter in

1877, p. 100, by

'

my

218)

of the paramount importance of
ants as defenders of the above

With

cropia, see

p. 398.

'

respect to the CeNature,' 1876, p. 304.
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means

rarely utilised as a

by the aid

of insects

;

but this

for

the

is

case with several species of Euphorbia and with the
bracteae of the Marcgraviacese, as the late Dr. Criiger

me from actual observation in the West
and as Delpino inferred with much acuteness

informed
Indies,

from the relative position of the several parts of their
Mr. Farrer has also shown f that the flowers

flowers.*

of Coronilla are curiously modified, so that bees
fertilise

them whilst sucking the

fluid secreted

may
from

With one of Malpighiaceae,
gnaw the glands on the calyx, and in doing so

the outside of the calyx.
bees

get their abdomens dusted with pollen, which they
It further appears probable
carry to other flowers.J

from the observations of Rev. W. A. Leighton, that the
fluid so abundantly secreted by glands on the phyllodia
of the Australian Acacia magnijica, 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 transported by the wind, are both surprisingly great. Mr.
Hassall found, as before stated, that the weight of
pollen produced by a single plant of the bulrush

* *Ult. Osservaz. Dicogamia,'
1868ir69, p. 1.S8.
f 'Nature,' 1874, p. 169.
j As described by Fritz Miiller
in * Nature,' Nov. 1877, p. 28.
§ * Annals and Mag. of Nat.
In
Hist.' vol. xvi. 18G5, p. 14.
work on the ' Fertilisation of
Orchids,' and in a paper subsequently published in the ' Annals
and Mag. of Nat. History,' it has
been shown that although certain
kinds of orchids possess a nectary,
no neclar is actually secreted by
it
but that insects penetrate the
inner walls and suck the fluid

my

;

contained

in the intercellular
spaces.
I further suggested, in
the case of some other orcliids
which do not secrete nectar, that
insects gnawed the labellum
and
this suggestion has since been
proved true. H. Midler and Del;

pino have now shown that some
other plants have thicken^id petals which are sucked or gnawed

by insects,

their fertilisation being
All the known facts

thus aided.

on this head have been collected
by Delpino in his Ult. Osserv.*
'

part

ii.

fasc.

ii.

1875, pp. 59-63.

ANEMOPHILOUS PLANTS.

408

(Typha) was 144 grains.

Chap. X.

Bucketfuls of pollen, chiefly

of Coniferae and Graminese, have been swept off the

decks of vessels near the North American shore;
and Mr. Eiley 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

Kerner has seen the
and
]\Ir. Blackley found numerous pollen-grains, in one
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 uncovered by a special mechanism.
It is remarkable that in these experiments there
were on an average nineteen times as many pollengrains in the atmosphere at the higher than at the

least

400 miles

to the south.

snow-fields on the higher Alps similarly dusted

Considering these

lower levels.*
surprising as

it

facts,

it

is

;

not so

at first appears that all, or nearly all

the stigmas of anemophilous plants should receive

them by mere chance by the wind.
During the early part of summer every object is thus
dusted with pollen; for instance, I examined for

pollen brought to

another purpose the labella of a large number of

Fly Ophrys (which is rarely visited by
and found on all very many pollen-grains of
other plants, which had been caught by their velvety

flowers of the
insects),

surfaces.

The extraordinary quantity and
*

For Mr. Hassall's observaAnnals and Mag. of
see

tions

'

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
Riley,
the decks of a vessel.
'
Fifth Report on the Noxious
Insects of Missouri,' 1873, p. 86.

Kerner,

lightness of the

'Die

Schutzmittel des

Pollens,' 1873, p. 6. This author
has also seen a lake in the Tyrol
so covered with pollen, that the

water no longer appeared blue,
Mr. Blackley, Experimental Researches on Hay-fever,' 1873,
'

pp. 132, 141-152.
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anemopliilous plants are no doubt

both

necessary, as their pollen has generally to be carried

and often distant flowers for,
most anemophilous plants have

to the stigmas of other
as

we

shall soon see,

their sexes separated.
is

;

The

fertilisation of these plants

generally aided by the stigmas being of

large

and in the case of the Coniferae,
plumose
by the naked ovules secreting a drop of fluid, as
Although the number of aneshown by Delpino.
mophilous species is small, as the author just quoted
remarks, the number of individuals is large in comparison 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
size

or

;

are less favourably

situated.

We

see this

in

our

and other trees, such as oaks,
beeches, birches, ashes, &c. and in the Gramineae,
Cyperaceae, and Juncaceae, which clothe our meadows
and swamps all these trees and plants being fertilised

forests

of

Coniferse

;

;

by the wind. As a large quantity of pollen is wasted
by anemophilous plants, it is surprising that so many
vigorous species of this kind abounding with individuals
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

should

;

appetites of insects with incomparably greater safety

than by the wind. That such a conversion is possible
can hardly be doubted, from the remarks lately made

on the existence of intermediate forms; and apparently
it has been effected in the group of willows, as we may
infer from the nature of their nearest allies.*
It seems at first sight a still more surprising fact
*

H.

Mliller, 'Die Befruclitung,' &c. p. 149.

;
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that plants, after having been once rendered entomo-

become anemophilous
but this has occasionally though rarely occurred, for
instance, with the common Poterium sanguisorha, as may
be inferred from its belonging to the Eosacese. Such
philous, should ever again have

cases are, however, intelligible, as almost all plants

require to be occasionally intercrossed
and if any
entomophilous species ceased altogether to be visited
by insects, it would probably perish unless it were
rendered anemophilous, or acquired a full capacity for
;

self-fertilisation

suspect that

it

;

but in this latter case we may
to suffer from the long-

would be apt

continued want of cross-fertilisation. A plant would
be neglected by insects if nectar failed to be secreted,
unless indeed a large supply of attractive pollen was 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 nec;

tar still retaining

coloured guiding-marks, the failure

of the secretion cannot be considered as a very im-

The same result would follow to a
winged insects ceased to exist in any
became very rare. Now there is only

probable event.
certainty,
district,

if

or

a single plant in the great order of the Cruciferae,

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

plants
*

is

anemophilous
is, they are

that they are often diclinous, that

The Rev. A.

E. Eaton in 'Proc. Ptoyal Soc' vol. xxiii. 1875,

p. 351.
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on the
on distinct
plants.
In the class Mona3cia of Linna3us, Delpino
shows* that the species of twenty-eight genera are
anemophilous, and of seventeen genera entomophilous.
In the class Dioecia, the species of ten genera are
anemophilous and of nineteen entomophilous. The
larger proportion of entomophilous genera in this
latter class is probably the indirect result of insects
having the power of carrying pollen to another and
sometimes distant plant much more securely than the
wind. In the above two classes taken together there
are thirty-eight anemophilous and thirty-six entomophilous genera
whereas in the great mass of
hermaphrodite plants the proportion of anemophilous
to entomophilous genera is extremely small.
The
cause of this remarkable difference may be attributed
to anemophilous plants having retained in a greater
degree than the entomophilous a primordial condition, 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,
It is indeed difficult to avoid this conNageli.f
clusion, if we admit the view, which seems highly
either monoecious with their sexes separated

same

phxnt, or dicecious with their sexes

;

that the conjugation of the Algae 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
probable,

;

between the

cells

which

conjugate can

be traced,

thus leading apparently to the development of the

* ' Studi sopra im T.igiiaggio
anemofilo dclle Gompositic,' 187L

Entstehung und Begriflf der
f
naturhidt. Art,' 1805, p. 22,
'
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We

have

also

seen
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that

plants became affixed to the ground and were

as

more

highly developed so as to be rendered phanerogamic,
they would be compelled to be anemophilous in
order to intercross.

Therefore all plants which have

not since been greatly modified, would tend

still

to

be both diclinous and anemophilous; and we can
thus understand the connexion between these two
states, although they appear at first sight quite 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 hermaphroditism and
fertilisation

by means of

insects is likewise to a certain

extent intelligible.

Why the

descendants of plants which were originally
and which therefore profited by always intercrossing with another individual, should have been

dicBcious,

converted into hermaphrodites, may perhaps be explained 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

* See the interesting discustion on this whole subject by O.
Biitschli in his ' Studien iiber die
ersteu Entwickehmgsvorgange der
Eizelle,' &c. 1876, pp. 207-219.

Infusoria, whether permanent or
temporary (in this latter case
called by him copulation) does not
lead to the development of true
ova, b it to the reorganisation or

Also, Dr. A. Dodel, " Die Kraushaar-Alge," Pringsheims Jahrb.
Also, Enwiss. Bot.' B. X.
f.

rejuvenescence of the individual.
There seems to be a close analogy
in such a result with that which
follows from the union of tlie
male and female elements of distinct plants, for the seedlings thus
raised may be said to show regeneration or rejuvenescence in
their greatly increased constitu-

'

Kelmann, " Ueber Entwickelung
von Infusorien," 'Morphol. Jahrbncli,'

B,

i,

p. 573.

An

abstract

of this important memoir has
appeared in Archives de Zoolog.
'

expe'rimentale,' Tom.
Engelmann
xxxiii.

v.

1876, p.

concludes
that the conjugation of various

tional vigour.
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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 hermaphrodite 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
monoecious condition, and this is probably the first
step towards hermaphroditism
for if very simple
male and female flowers on the same stock, each consisting of a single stamen or pistil, were brought close
together and surrounded by a common envelope, in
evil,

;

nearly the same manner as with the
Compositse,

florets of

we should have an hermaphrodite

the

flower.*

There seems to be no limit to the changes which
organisms undergo under changing conditions of life

;

and some hermaphrodite plants, descended as I am led
to believe from aboriginally diclinous plants, have had
That this has occurred,
their sexes again separated.
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
But a conversion of this kind will
in Lychnis dioica.
* Mr. W. Thiselton Dyer, in a
very able review of this work
('Nature,' Feb. 1877, p. 329),
takes an exactly opposite view,

and advances weighty arguments
in favour of the belief that all
were aboriginally herplants
maphrodites. I will only remark
that I had in my mind organ-

much lower in the scale than
Ferns or Selaginella. Mr. Dyer
adds that my notion of very
simple male and female flowers
being brouglit together and surrounded by a common envelope,
oflers very considerable morphoisms

logical difficulties.

;
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not have occurred unless cross-fertilisation was already-

by the agency

assured, generally

of insects

;

but why

the production of male and female flowers on distinct
plants should have been advantageous to the species,

having been previously assured, is
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. I remarked in my
cross-fertilisation

far

from obvious.

;

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.*

It

is,

however, doubtful

holds good generally, and
in Australia.
of

the

But

how

far this rule

certainly does not do so

I have been assured that the flowers

prevailing

Myrtaceae,

it

Australian

swarm with

insects,

* I find in the * London Catalogue of British Plants,' that there
are thirty-two indigenous trees
and bushes in Great Britain,
classed under nine families but
to err on the safe side, I have
counted oidy six species of willows. Of the thirty-two trees and
;

bushes, nineteen, or more than
have their sexes separated
and this is an enormous proporwith other British
compared
tion

half,

New Zealand abounds
plants.
with diclinous plants and trees
and Dr. Hooker calculates that
;

out of about 756 phanerogamic
plants inhabiting the islands, uo
less than 108 are trees, belong-

ing

namely, the
they are dicho-

trees,

and
to

if

thirty-five

families.

Of

trees,
these 108
fifty-two,
or
very nearly half, have their sexes
more or less separated. Of bushes
there are 149, of which sixtyone have their sexes in the same
state; whilst of the remaining
500 herbaceous plants only 121,
or less than a fourth, have their
sexes separated.
Lastly, Prof.
Asa Gray informs me that in the
Uuiteil States there are 132 native
trees (belonging to twenty-five
families) of which ninety-five (belonging to seventeen families)
"have their sexes more or less
separated, for the greater part
decidedly separated."
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practically diclinous.*

As

far

anemophilous plants are concerned, we know that
they are apt to have their sexes separated, and we can
see that it would be an unfavourable circumstance for
them to bear their flowers very close to the ground, as
their pollen is liable to be blown high up in the air t
but as the culms of grasses give sufficient elevation,
we cannot thus account for so many trees and bushes
We may infer from our previous
being diclinous.
discussion that a tree bearing numerous hermaphrodite
flowers would rarely intercross with another tree,
as

;

except by means of the pollen of a distinct individual
being prepotent over the plant's own pollen. Now the
separation of the sexes, whether the plant were anemophilous or entomophilous, would most effectually bar

and this may be the cause of so many
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,
self-fertilisation,

trees

than

if it

were hermaphrodite

numerous flowers would be

its

But

;

for in the

former case

less liable to

continued

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 impregnation occasionally failing and seeds not being proself-fertilisation.

it

duced, than in the case of short-lived plants.
it

probably

is,

as

Hence

Lecoq has remarked, that annual

plants are rarely dioecious.
*

With respect to the Proteacese
Australia, Mr. Beutham remarks (' Journal Linn. Soc. Bot.'
vol. xiii. 1871, pp. 58, 64) on the
various contrivances by which the
Btigma in the several genera is
screened from the action of the
pollen from the same flower. For
instance, in Synaphea " the stigma

of

is

held by the eunuch

(i.e.,

one

of the stamens which is barren)
safe from all pollution from ber
brother anthers, and is preserved
intact for any pollen that may be
inserted by insects and other
agencies."
'
Schutzmittel
t Kerner,
Pollens,' 1873, p. 4.

des
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Finally, we have seen reason to believe that the
higher plants are descended from extremely low forms
which conjugated, and that the conjugating individuals differed somewhat from one another, the one
representing the male and the other the female so

—

that plants were aboriginally dioecious.

—

At a very

period such lowly organised dioecious plants
probably gave rise by budding to monoecious plants
with the two sexes borne by the same individual and

early

;

by a

still

closer

union of the sexes to hermaphrodite

which are now much the commonest form. *
as plants became affixed to the ground, their
pollen must have been carried by some means from
plants,

As soon

flower to flower, at first almost certainly by the wind,
then by pollen-devouring, and afterwards by nectarDuring subsequent ages some few
seeking insects.
entomophilous plants have been again rendered anemophilous, and some hermaphrodite plants have had their
sexes again separated; and we can vaguely see the
advantages of such recurrent changes under certain
conditions.

Dioecious plants, however fertilised, have a great
advantage over other plants in their cross-fertilisation
being assured. But this advantage is gained in the
case of anemophilous species at the expense of the
production of an enormous superfluity of pollen, with
some risk to them and to entomophilous species of
their fertilisation occasionally failing.
Half the individuals, moreover, namely, the males, produce no
*

There

is

a

considerable

amount

of evidence that all the
higher animals are the descendants of hermaphrodites and it is
a curious problem whether such
;

hermaphroditism may not have
been the result of the conjugation
of two slightly different indivi-

duals, which represented the two
incipient sexes. On this view, the

higher

animals

may now owe

their bilateral structure, with all
their organs double at an early
embryonic period, to the fusion
or conjugation of two primordial
individuals.

CiiAP.

X.
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and this might possibly be a disadvantage.
Delpino remarks that dioecious plants cannot spread so
easily as monoecious and hermaphrodite species, for a
single individual which happened to reach some new
but it may be
site could not propagate its kind
doubted whether this is a serious evil. Monoecious
anemophilous plants can hardly fail to be to a large
extent dioecious in function, owing to the lightness of
their pollen and to the wind blowing laterally, with
the great additional advantage of occasionally or often
producing some self-fertilised seeds. When they are
also dichogamous, they are necessarily dioecious in
Lastly, hermaphrodite plants can generally
function.
produce at least some self-fertilised seeds, and they are
at the same time capable, through the various means
seed,

;

specified in this chapter, of cross-fertilisation.

their

structure

When

absolutely prevents self-fertilisation,

they are in the same relative position to one another
as monoecious or dioecious plants, with what may be
an advantage, namely, that every flower is capable
of yielding seeds.

2 E
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XI.

Insects in relation to the Fertilisation op

Flowers.
flowers of the same species as long as they can — Cause
—Means by which bees recognise the flowers of the
same species — Sudden secretion of nectar — Nectar of certain flowers

Insects visit

tlie

of this habit

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-bees EtFects of habit The motive for per-

—

—
—Flowers

forating flowers to save time

—

growing in crowded masses

chiefly perforated.

Bees and
instinct to

various other insects must be directed by

search flowers

for

nectar and pollen, as

they act in this manner without instruction as soon
Their instincts,
as they emerge from the pupa state.
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,
ler,

'

and

Wild

on this

siibject,

Befruchtung,' &c.
Sir J. Lubbock's
Flowers,' &c. p. 20.

H. Miilp.
'
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;

British

Muller

assigns ('Bienen Zeitung,' June
1876, p. 119) good reasons for his
belief that bees and many other

Hymenoptera have inherited from
some early nectar-sucking progenitor greater skill in robbing
flowers than that which is dis-

played by insects
the other Orders.

belonging

to

Chap. XI.
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hive-bee more than 2000 years ago, and was noticed
by Dobbs in a paper published in 1736 in the Phih)sophical

Transactions.

one, both with hive

may

It

be observed by any
in every flower-

and humble-bees,

garden; not that the habit

invariably followed.

is

jMr.

hours* many plants of
Lamium album, L. purpureum, and another Labiate
plant, Nepeta glechoma, all growing mingled together

Bennett watched

for several

on a bank near some hives
bee confined

its visits

to the

and he found that each
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.
I
have repeatedly seen humble-bees flying straight from
a plant of the ordinary red Bidamnus fraxinella 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 passing by other genera, and thus acted as if the two speH. Miiller also has seen
cies were merely varieties.
hive-bees flying from flower to flower of Ranunculus
hulhosiis and arvensis, and of Trifolium fragiferum
and repens ; and even from blue hyacinths to blue

violets.f

Some

species of Diptera or flies

'Nature,'
p. 92.

1874,

June

4th,

f

keep

to the flowers

'Biencn Zeitung,' July 1876

p. 183.

2 E 2
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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 Bliingia rostrata acting in
this manner with the flowers of Lychnis dioiea, Ajuga
reptans, and Vicia sejnum.
Volucella plumosa and Empis
cheiroptera flew straight from flower to flower of Myosotis
Dolichopus nigripemiis behaved in the same
sylvatica.
manner with Potentilla tormentilla ; and other Diptera
\^ith Stellaria holosfea, Helianthemum vulgare, Bellis
;

and chamoedrys ; but some
two latter
species.
I have 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

p)erennis, Veronica hedersefolia
flies

visited indifferently the flowers of these

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

—

would not aid in the cross-fertiliand this statement has now been
shown by Hildebrand to be erroneous. As the spathes
of Arum maculatum are furnished with filaments apparently adapted to prevent the exit of insects, they
resemble in this respect the flowers of Aristolochia and
on examining several spathes, from thirty to sixty
minute Diptera belonging to three species were found
in some of them and many of these insects were lying
dead at the bottom, as if they had been permanently
entrapped. In order to discover whether the living
ones could escape and carry pollen to another plant, I
tied in the spring of 1842 a fine muslin bag tightly
round a spathe; and on returning in an hour's time
several little flies were crawling about on the inner
this case the insects

sation of the plant

;

;

;

Chap.
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I then gathered a spathe and
of the bag.
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

surface

;

three of them fly to another plant about a yard off;
they alighted on the inner or concave surface of the
I then
spathe, and suddenly flew down into the flower.
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

another flower

flies

little flies

by some other insect. In
were crawling about, and I

or

saw them leave pollen on the stigmas.
I do not know whether Lepidoptera generally keep
but I once observed
to the flowers of the same species
many minute moths (I believe Lampronia (Tinea)
;

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

calthella)

three of these moths alight on the stigmas. Lepidoptera
are probably often induced to frequent the flowers of the

same species, whenever these are provided with a long
and narrow nectary, as in this case other insects cannot
suck the nectar, which will thus be preserved for those
having an elongated proboscis. No doubt the Yucca
moth* visits only the flowers whence its name is derived, for a most wonderful instinct 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, I have seen Meligethes covered with pollen
flying from flower to flower of the same species and
;

*

Described by Mr. Riley in the 'American Naturalist,'

Oct. 1873.

vol. vii.
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as, according to M. Brisout,
of the species affect only one kind of plant." *

must not be supposed from these several statements
same

that insects strictly confine their visits to the

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 OEnothera, 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,
and these stigmas, though scarcely
w^ere examined
;

larger than a split needle, were covered not only with

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
pollen of

the plant, as

to

it

the cross-fertilisation of

favours

distinct individuals of the

same

but no one
manner for the good

species

will suppose that insects act in this

;

The cause probably

lies in insects being
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.f

of the plant.

thus enabled to work quicker

;

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

\f

them.

*

May

seem much

Insects, or at least bees,

fluenced by habit in

all their

As quoted in American
'

Nat.'

1873, p. 270.
t Since these remarks were
written, I find that H. Miiller lias
come to almost exactly the same

manifold operations

;

in-

and

conclusion with respect to the
cause of insects frequenting as
long as tiiey can the flowers of the

same

species

July 1876,

:

'

Bienen Zeitung,'

p. 182.

;
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good in their

felonious practice of biting holes through the corolla.
It is a curious question

how bees recognise the

That the coloured

of the same species.

chief guide cannot be doubted.

On

hive-bees were incessantly visiting the

flowers

corolla

is

little

the

when

a fine day,

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

The removal of the two
upper petals alone made no difference in their
visits.
Mr. J. Anderson likewise states that when he removed the corollas of the Calceolaria, bees never visited
the flowers.* On the other hand, in some large masses of
Geranium j^h^um 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
actually crawled over them.
little

;

:

*

'

Gardeners* Chronicle,' 1853,

Kurr cut olF the nectaries
from a large number of flowers of
several species, and found that
the greater number yielded seeds
but insects probably would not
p.

534.

perceive the loss of the nectary
until they had inserted their proboscides into the
holes thus
formed, and in doing so would
He also refertilise the flowers.
moved the whole corolla from a
considerable number of flowers,
and these likewise yielded seeds.
Flowers which are self- fertile

would naturally produce
under these circumstances

seeds
but I
am greatly surprised that Delphiwell
as annium consolida, as
other species of Delphinium, and
Viola tricolor, should have produced a fair supply of seeds when
thus treated; but it dots not appear that he compared the number
of the seeds thus produced with
those yielded by unmutilated
flowers left to the free access of
Bedeutung der Nekinsects
tarien,' 1833, pp. 123-135.
:

'

;
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the white-flowered Spiranthes aiitumnalis, growing on

and these
bees often flew within a few inches of several other
short turf at a considerable distance apart

;

plants with white flowers, and then without further examination passed onwards in search of the Spiranthes.
Again, many hive-bees which confined their visits to the
commoti ling {Calluna vulgaris), repeatedly flew towards

Erica

tetralix,

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
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
clearly

bore very differently coloured flowers.

I observed also

bees flying in a straight line from one clump of a yellowflowered (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
In these cases the bees knew the position of each
side.
plant in the garden perfectly well, as we

the directness of their flight

^ by experience and memory.

;

may

infer

so that they were

But how did they

by

guided

discover

above varieties with differently coloured
Improbable as
flowers belonged to the same species ?
it may appear, they seem, at least sometimes, to recognise plants even from a distance by their general
On three
aspect, in the same manner as we should do.
occasions I observed humble-bees flying in a perfectly
straight line from a tall larkspur (Delphinium) which
was in full flowei 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
at first that the

a faint tinge of blue.

Here neither odour nor the

Chap. XI.
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memory

of former visits could have

and the tinge of blue was
have served as a guide.*

The conspicuousness
to induce repeated

some odour emitted.

into play,

so faint that it could hardly

of the corolla does not suffice

from

insects, unless nectar is

secreted,

together perhaps with

visits

same time

the

at

come
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I watched for a fortnight

many

times daily a wall covered with Linaria cymbalaria

and never saw a bee even looking at
There was then a very hot day, and suddenly
many bees were industriously at work on the flowers.
in full flower,
one.

It appears that a certain degree of heat is necessary for

the secretion of nectar; for I observed with Lobelia
erinus that

if

the sun ceased to shine for only half an

hour, the visits of the bees slackened and soon ceased.

An

analogous fact with respect to the sweet excretion
from the stipules of Vicia sativa has been already

As

given.

in the case of the Linaria, so with PecUcu-

laris sylvatiea, Folygala vulgaris, Viola tricolor,

and some
day

species of Trifolium, I have watched the flowers
after

denly

day without seeing a bee

how did

at work,

the flowers were visited by

all

so

many

and then sud-

many

bees.

Now

bees discover at once that the flowers

were secreting nectar ? I presume that it must have been
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

by

;

presently see,

when we

treat of the perforation of the

corolla, that bees are fully capable of profiting

*

A

mentioaed

fact

by

H.

Miiller ('Die Befruchtung,' &c.,
p. 347) shows that bees possess
acute powers of vision and discrimination for those engaged in
collecting pollen from Primula
elatior invariably passed by tlie
;

by the

flowers of the long-styled form, in
which the anthers are seated low
down in the tubular corolla. Yet
the difference in aspect between
the long-styled and short-styled

forms

is

extremely slight.
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Memory also comes into play,
know the position of

labour of other species.
for, as

Chap. XI.

already remarked, bees

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
species

;

to another

and distant one

of the

same

although, owing to the intervention of other

plants, the two were not in sight of each other.
It

would appear that either the

the nectar of certain

flow^ers is

humble-bees, or to both

;

taste or the odour of

unattractive to hive or to

for there

seems no other reason

w^hy certain open flowers which secrete nectar are not
visited

The small quantity

by them.

by some

of nectar secreted

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-

Even the bees from

cerasus.

visit different

different hives

kinds of flowers, as

is

sometimes

said to be the case

and Viola
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 Einfactis latifolia is never touched
by hive- or humble-bees, although I have seen them
and yet the nectar has a pleasant
ilying close by
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,
Scrophularia aquatica, Hedera helix, Symplioricarims
racemosa;\ and Tritoma the three former plants being
endemic, and the two latter exotic. As wasps are so

by Mr.

G-rant with respect to the Polyanthus

tricolor*

I

;

;

*

'

t

The same

Gard. Chron.' 1844, p. 374.
fact
apparently
holds good in Italy, for Dclpino
says that

the flowers

of

these

three plants are alone visited by
wasps
Nettarii Estranuziali,
Bullettino Entomologico,' anno vi.
:

'
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fond of sugar and of any sweet fluid, and as tliey do
not disdain the minute drops on the glands of Prunus
laurocerasuSf

it is

the nectar of

a strange fact that they do not suck

many open

flowers,

without the aid of a proboscis.

which they could do
Hive-bees

visit

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 I have seen, those
of the Scrophularia aquatica ; although they do visit
the flowers of Scroijhularia 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 w^ork so industriously and effectually, that even in the case of
social plants, o^ which hundreds of thousands grow
flowers of the

together, as with

the several kinds of heath, every

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 w^as able to ascertain in the case
single flower

males from their curious habit of calling at

of the
*

is visited,

'

Silliniau's

Amerioon 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 eijmhalaria ; another bee visited
in the same time twenty-two flowers of the Symphoricarpus raeemosa ; and another seventeen flowers on two
In the course of fifteen
plants of a Delphinium.

minutes a single flower on the summit of a plant of
QEnothera was visited eight times by several humblebees,
it

and I followed the

last of

these bees, whilst

visited in the course of a few additional minutes

every plant of the same species in a large flower-

In nineteen minutes every flower on a small
In one
minute six flowers of a Campanula were entered by
and bees when thus
a pollen-collecting hive-bee
employed work slower than when sucking nectar.
Lastly, seven flower-stalks on a plant of Dictamnus
fraxinella were observed on the 15th of June 1841 during
ten minutes they were visited by thirteen humble-bees,
each of which entered many flowers. On the 22nd the
same flower-stalks were visited within the same time by
eleven humble-bees. This plant bore altogether 280
flowers, and from the above data, taking into consideration how late in the evening humble-bees work,
each flower must have been visited at least thirty times
daily, and the same flower keeps open during several
The frequency of the visits of bees is also somedays.
times shown by the manner in which the petals are
scratched by their hooked tarsi I have seen large beds
of Mimulus, Stachys, and Lathyrus with the beauty
garden.

plant of Nemophila insignis was visited twice.

;

;

;

of their flowers thus sadly defaced.

Perforation of the Corolla hy Bees,

—

I

have already

;

Chap. XI.

429

PERFORATION OF THE COROLLA.

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

the world.

which actually depends on
insects entering the flowers, will fail to produce seed
when their nectar is thus stolen from the outside and
even with those species which are capable of fertilising
themselves without any aid, there can be no crossfertilisation, 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 Bournemouth, where there were formerly extensive heaths.
I took a long walk, and every now and then gathered
a twig of Erica tetralix, and when I had got a handThis
ful examined all the flowers through a lens.
process was repeated many times but though many
hundreds were examined, I did not succeed in finding
a single flower which had not been perforated.
Humble-bees were at the time sucking the flowers
through these perforations. On the following day a
large number of flowers were examined on another
heath with the same result, but 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 Fentstemon argutus (?) had every flower perI have seen
forated, and many scores were examined.
whole fields of red clover (TrifoUum pratense) in the
same state. Dr. Ogle found that 90 per cent, of the

plants, the fertilisation of

;

:

;
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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 introduced 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 lor the work
by possessing powerful mandibles but hive-bees afterwards profit by the holes thus made. Dr. H. Miiller,
how^ever, writes to me that hive-bees sometimes bite
holes through the flowers of Erica tetralix. 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 w^ould be
advantageous to them to perforate certain flowers.
There is an abundant supply of nectar in the nectary
of Tropseolum tricolor, yet I have found this plant
untouched in more than one garden, while the flowers
of other plants had been extensively perforated but
a few years ago Sir J. Lubbock's gardener assured
me that he had seen humble-bees boring through
the nectary of this Tropseolum. In the United Stcites
flowers of Salvia glutinosa

;

;

;

the

common garden

Bailey,

is

Tropaeolum, as I hear from Mr.
Miiller has observed humble-

often pierced.

suck at the mouths of the flowers
and of an Aquilegia, and, failing
in their attempts, they made holes through the
corolla but they often bite holes, although they could
bees trying to

of

Primula

elatior

;

little more trouble obtain the nectar
manner by the mouth of the corolla.
Dr. W. Ogle has communicated to me a curious

with very

in a

legitimate

* Dr. Ogle, 'Pop. Science

view,'

July 1869,

p.

267.

Ke-

Bailey,

'

American

Gentry,

Nat.,'

ibid.

Nov

May

case.

1873. p. 690.
1875, p. 264.
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Ho

gathered in Switzerland 100 flower-stems of the
common blue variety of the monkshood (Aconitum
napellus), and not a single flower was perforated
ho
then gathered 100 stems of a white variety growing
;

close by,

and every one of the open flowers had been

perforated.

the flowers

This surprising difference in the state of
be attributed with much probability

may

to the blue variety being distasteful to bees,

presence of the acrid matter which

Kanunculaceao, and to

its

is

from the

so general in the

absence in the white variety

in correlation with the loss of the blue tint.

ing to Sprengel,* this plant

is

Accord-

strongly proterandrous

;

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
it

were always bitten instead of being properly entered

would fail to yield the full number
and would be a comparatively rare plant,
as Dr. Ogle informs me was the case.
Bees show much skill in their manner of w^orking,
for they always make their holes from the outside
close to the spot where the nectar lies hidden within
the corolla. All the flowers in a large bed of Staehys
coccinea had either one or two slits made on the upper

by the

bees,

of seeds

side of the corolla near the base.

The

flowers of a

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
Mirabilis

;

corolla invariably perforated.

The flowers of Pentstemoii

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 Entdecke,'

&c. p. 278.
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made on the
protuberance which re-

rJimixm majus one or two holes had been

lower side, close to the

little

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

Lathyrus

The

me,

is

that of the perforation of the flowers of

sylvestris, as

described by

nectar in this plant

is

my

son Francis.*

enclosed within a tube,

formed by the united stamens, which surround the
so closely that a bee is forced to insert its
but two natural rounded
proboscis outside the tube
pistil

;

passages or orifices are

left in

in order that the nectar

the tube near the base,
reached by the bees.

may be

Now my son

found in sixteen out of twenty-four flowers
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 bite holes
through the standard-petal, and they always operated
on the left side over the passage, which is generally
the larger of the two. My son remarks " It is difficult
to say how the bees could have acquired this habit.
Whether they discovered the inequality in the size of
the nectar-holes in sucking the flowers in the proper
way, and then utilised this knowledge in determining
where to gnaw the hole or whether they found out
the best situation by biting through the standard at

on

this plant,

—

:

;

and afterwards remembered its situation
But in either case they show a
remarkable power of making use of what they have
It seems probable that bees
learnt by experience."
owe their skill in biting holes through flowers of all
various points,

in visiting other flowers.

• 'Nature,' Jan. 8, 1874, p.

J

83.

;;
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kinds to their having long practised the instinct of
moulding cells and pots of wax, or of enlarging their
for they are tlius
old cocoons with tubes of wax
compelled to work on tlie inside and outside of the
;

same

object.

In the early part of the summer of 1857 I wjis
led to observe during some weeks several rows of tlie
scarlet kidney-bean (Phaseolus multifiorus), whilst
attending to the fertilisation of this plant, and daily
saw humble- and hive-bees sucking at the mouths

But one day

of the flowers.

I

found several humble-

bees employed in cutting holes in flowef after flower
and on the next day every single hive-bee, without
exception, instead of alighting on the left wing-petal

and sucking the flower in the proper manner,

flew

straight without the least hesitation to the calyx, and

sucked through the holes which had been made only
the day before by the humble-bees; and they con-

many

tinued this habit for

following days.*

JMr.

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
up sucking at the

nevertheless, all the hive- bees gave

mouths

of the flowers

Now how

ones.

and visited exclusively the bitten

did the hive-bees find out so quickly

that holes had been

made

?

Instinct seems to be out

is an exotic.
The holes
cannot be seen by bees whilst standing on the wingpetals, where they had always previously alighted.
From the ease with which bees were deceived when the
petals of Lohelia eriiius were cut ofl", it was clear that
in this case they were not guided to the nectar by its
and it may be doubted whether they were
smell

of the question, as the plant

;

*

'

Gard. Chrou.' 1857,

p. 725.

2 F

;
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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

the outside of the flowers and use the holes?

on

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
Even with animals high in the scale,
to the nectar.
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 distinct species, and profited by it.
I have repeatedly observed with various kinds
of flowers that all the hive and humble-bees which
were sucking through the perforations, flew to them,
whether on the upper or under side of the corolla,
without the least hesitation; and this shows how
quickly all the individuals within the district had
acquired the same knowledge. Yet habit comes into

many

of the other

Ogle, Messrs.

Farrer and

play to a certain extent, as in so
operations

of bees.

Dr.

Belt liave observed in the case of Phaseolus multiflorus*
that certain individuals went exclusively to the perforations,

while others of the same

species

visited

only the mouths of the flowers. I noticed in 1861
exactly the same fact with TrifoUum pratense. So persistent is the force of habit, that

been

bitten, it

* Dr. Ogle,

'

Pop, Science Re-

view,' April 1870, p. 167. Mr.
Farrer, Annals and Mag. of Nat.
'

comes

when a bee which

is

one which has not
does not go to the mouth, but instantly

visiting perforated flowers

to

Hist.'

4th

258.

Mr. Belt

t^eries,

in

vol.

ii.

1868, p.

a letter to me.
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flies

away
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in search of another bitten flower.

Never-

once saw a humble-bee visiting the hybrid
Rhododendron azaloides, and it entered the mouths
Dr.
of some flowers and cut holes into the others.
H. Miiller informs me that in the same district he has

theless, I

seen some individuals of Bomhus mastrucatus boring

through the calyx and corolla of Rhinanthus alecteroDifferent
loplius, and others through the corolla alone.
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 humblebees of another kind sucking the little drops of fluid
Mr. Beal of Michigan
excreted by the stipules.
;

informs

me

that the flowers of the Missouri currant

{Rihes aureum)

abound with

nectar, so that children

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
often

;

mind what I have before said 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 oriole calls to
certain species of

the corolla seems to be the saving of time, for they
lose

much time

flowers,

and

They were

in

climbing into and out of large

in forcing their heads into closed ones.

able to visit nearly twice as

as far as I could judge, of a Stachys

* The flowers of the Ribes are
how( ver sometimes perforated by
humble-bees, and Mr. Bundy says
that they were able to bite

many

flowers,

and Pentstemon

through and rob seven flowers
minute:
of their honey in a
'

American

Naturalist,'

238.

2 F 2

1876,

p,
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by aligliting on the upper surface
and sucking through the cut holes,
in the
it

proper way.

has had

much

making each new

Chap. XI.

of

the corolla

as

by entering

Nevertheless each bee before

practice,

must

lose

perforation, especially

some time in

when the

per-

made through both calyx and

foration

has to be

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 instinct, that is, of
working for the good of other members of the community, may here likewise play a part ?
Many years ago I was struck with the fact that
humble-bees as a general rule perforate flowers only
when these grow in large numbers near together. In
a garden where there were some very large beds of
Stachys coceinea and of Fentstemon argutus, every single
flower was perforated, but I found two j)lants 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
on the 19th of July humble-bees were
several times
sucking the flowers of Stachys coceinea and Salvia
grahami in the proper manner, and none of the corollas
were perforated. On the 7th of August all the flowers
were perforated, even those on some few plants of the
Salvia which grew at a little distance from the great
On the 21st of August only a few flowers on the
bed.
summits of the spikes of both species remained fresh,
and not one of these was now bored. Again, in my own
garden every plant in several rows of the common bean
;

:
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had many
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but I found

in separate parts of the garden which

tliree
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plants

had sprung up

and these had not a single flower perGeneral 8trachey formerly saw many perforated 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 perforation by the bees there held good, and was answered
in the affirmative.
Mr. Bailey informs me that the
Gerardia pedicularia which is so largely perforated,
and Impatiens fulva, are both profuse flowerers. Hence
accidentally,
forated.

it

follows that the red clover (Trifolium pratense)

the

common bean when

and

cultivated in great masses in

growing in large numbers
—that Erica
—rows of the scarlet kidney-bean in the
kitchen-garden, — and masses of any species in the
flower-garden, — are
eminently liable to be pertetralix

fields,

on heaths,

all

forated.

The explanation of this fact is not difficult. Flowers
growing in large numbers afford a rich booty to the
They are
bees, and are conspicuous from a distance.
consequently visited by crowds of these insects, and I
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, isuch as
*

'

Nature,' Jan.

8,

1874, p. 189.
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those of most species of Salvia, of Trifolium lyratensey
Pliaseolus multijiorus, &c., will
fail

to

produce seeds

The

to the perforations.

fertilising themselves,

will yield only self-fertilised seeds,

consequence be

will in

or less completely

perforated flowers of those

which are capable of

species,

more

the bees confine their visits

if

and the seedlings

less vigorous.

Therefore

all

some degree when bees obtain
their nectar in a felonious manner by biting holes
through the corolla and many species, it might be
thought, would be thus exterminated. But here, as
plants must suffer in

;

so general throughout nature, there is a tendency
If a plant suffers
towards a restored equilibrium.
from being perforated, fewer individuals will be

is

reared,

and

if its

nectar

is

highly important to the

and decrease in
what is much more effective, as soon as
the plant becomes somewhat rare so as not to grow
in crowded masses, the bees will no longer be stimubees, these in their turn will suffer

number

lated to

;

but,

gnaw

holes

in

the flowers, but will enter

More seed will then be
produced, and the seedlings being the product of

them

in a legitimate manner.

be vigorous, so that the species
tend to increase in number, to be again checked,
as soon as the plant again grows in crowded masses.
cross-fertilisation will

will
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General Results.
Cross-fertilisation

jurious

— Allied

proved

be beneficial, and

to

species differ greatly in the

self-fertilisation

means by which

—

in-

crots-

and self-fertili.sation avoided The benefits
two processes depend on the degree of difiereiitiation
ill the sexual elements
The evil effects not due to the combination of
morbid tendencies in the parents Nature of the conditions to which
plants are subjected when growing near together in a state of nature
or under cultur*^, and the effects of such conditions Theoretical
fertilisation is favoured

and

evils of the

—

—

—

considemtions with respect to the interaction of differentiated sexual
elements Practical lessons— Genesis of the two sexes Clo.se correspondence between the effects of cross-fertilisation and self-fertilisation, and of the legitimate and illegitimate unions of heterostyled
plants, in comparison with hybrid unions.

—

—

The
may

first

and

self-fertilisation often injurious, at least

and most important of the conclusions

Avliicli

be drawn from the observations given in this
volume, is that generally cross-fertilisation is beneficial,
plants on

which

I

experimented.

continued self-fertilisation

is

with the

Whether long-

injurious

to all plants

another and difficult question. The truth of these
conclusions is shown by the difference in height,
is

vigour, and fertility of the
and self-fertilised flowers, and
seeds produced by the parent-plants.

weight, constitutional

offspring from crossed
in the

number

With

respect to the second of the two propositions,

of

self-fertilisation is often injurious, we have
abundant evidence. The structure of the flowers in
such plants as Lohelia ramosa, Digitalis jvirjmrea, &c.,

namely, that

renders the aid of insects almost indispensable for
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fertilisation
and bearing in rnind the prepotency of pollen from a distinct individnal over that
from the same individual, such plants will almost cer-

their

;

tainly have been crossed during

must

many

or all previous

owing merely to the
prepotency of foreign pollen, with cabbages and various
other plants, the varieties of which almost invariably
The same inference
intercross when grown together.
may be drawn still more surely with respect to those
plants, such as of Eeseda and Eschscholtzia, which
So

generations.

are

sterile

it

be,

own

with their

pollen, but

fertile

with

any other individual. These several plants
must therefore have been crossed during a long series
of previous generations, and the artificial crosses in my
experiments cannot have increased the vigour of the
offspring beyond that of their progenitors. Therefore
the difference between the self-fertilised and crossed
plants raised by me cannot be attributed to the supethat from

riority of the

crossed, but to the inferiority of the

due

self-fertilised seedlings,

to the injurious effects of

self-fertilisation.

Notwithstanding the evil which many plants suffer
from self-fertilisation, they can be thus propagated
under favourable conditions for many generations, as
shown by some of my experiments, and more especially
by the survival during at least half a century of the
same varieties of the common pea and sweet-pea. The
same conclusion probably holds good with several other
exotic plants, which are never or most rarely crossfertilised in this country.

as they

have been

a fresh stock.

But

all

these plants, as far

tried, profit greatly

Many

by a

cross with

species which bear small

and

inconspicuous flowers are never, or most rarely, visited

by

insects

during the day;

and Hermann Miiller

infers that they must be always, or almost always,
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But the evidence appears to me incan be shown that such flowers are
during the night by any of the innumerable

self-fertilised.

sufficient, until it

not visited

kinds of small moths. From the simple fact of these
small flowers expanding, and from some of them
secreting nectar, it seems probable that they are at

and intercrossed by nocturnal
be desired that some one should
such plants and compare the

least occasionally visited
insects.

cross

It is

and

much

to

self-fertilise

growth, weight, and fertility of the offspring.

The

Rev. Gr. Henslow* remarks that the plants which have
spread the most widely through the agency of man into
new countries, and have there grown most vigorously,
commonly bear small and inconspicuous flowers; and,
as he assumes that these are always self-fertilised,
he infers that this process cannot be at all injurious
He believes that " as long as a plant is
to plants.
" self-fertilising, it remains in the same condition, and
" retains its average standard, hut does not degenerate
"in amj way. It cannot be benefited, as it cannot
" introduce anything new into its system, so long as it
" lives in the same place hence its results are negative,
"If, however, self-fertilising plants can migrate, and
"so obtain new peculiarities from fresh surrounding
"media, then they may acquire astonishing vigour,
" and even oust the native vegetation of the country
"they have invaded." According to this view the
male and female sexual elements must become in such
;

cases

differentiated

through the action of the new

* Mr. Henslow has published
an elaborate review of the present
work in the Gar(h;ners' Clironicle
from Jan. loth to May 5th,
LS77, also in
Science and Art,'
May 1st, 1877, p. 77 from which

passages in this book, and endeavoured to make others clearer,
owing to Mr. Henslow's criticisms,
but I can by no means agree with

latter journal tlie quotation is
I have modified some
taken.

Hermann

'

'

'

;

many of his
also profited
April 1877,

inferences.
I have
by an able review by

IMiiller
p. 57.

in

'

Kosmos,*
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conditions; and this seems not improbable, judging
from the remarkable effects of changed conditions on
the reproductive system of Abutilon and Eschscholtzia.
Some few plants, owing to their structure, for instance, Ophrys ainfera, have almost certainly been
propagated in a state of nature for thousands of
generations without having been once intercrossed
and whether they would profit by a cross with a fresh
stock is not known. But such cases ought not to make
us doubt that as a general rule crossing is beneficial
and self-fertilisation injurious, any more than the
;

existence of plants which,

l)ropagated asexually, that
stolons, &c.*

should

make

(their

in a

is,

state of nature

are

exclusively by rhizomes,

flowers never

producing seeds),

us doubt that seminal generation must

have some great advantage, as it is the common plan
followed by nature. Whether any species has been
reproduced asexually from a very remote period cannot,
Our sole means for forming
of course, be ascertained.
any judgment on this head is the duration of the
varieties of our fruit trees which have been long proAndrew Knight formerly
pagated by grafts or buds.
maintained that under these circumstances they always
become weakly, but this conclusion has been warmly
disputed by others. A recent and competent judge,
Prof. Asa Gray,t leans to the side of Andrew Knight,
which seems to me, from such evidence as I have
been able to collect, the more probable view, notwithstanding many opposed facts.
With respect to the first of the two propositions
at the head of this chapter, namely, that cross-fertilisation is generally beneficial, we have excellent evidence.
* I

my

have given several cases in
'Variation under Dotnestica-

tion,' ch. xviii.
p. 152.

2nd

edit. vol.

ii.

Essays and
Darwiniana
f
Keviews pertaining to Darwinism,'
1876, p. 388
*

:

;
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Plants of Ipomoea were intercrossed for nine successive
generations they were then again intercrossed, and
;

at the

same time crossed with a plant

of a fresh stock,

one brought from another garden and the
offspring of this latter cross were to the intercrossed
plants of the tenth generation in height as 100 to 78,
and in fertility as 100 to 51. An analogous experiment with Eschscholtzia gave- a similar result, as far
In neither of these cases
as fertility was concerned.
were any of the plants the product of self-fertilisation.
Plants of Dianthus were self- fertilised for three generabut when
tions, and this no doubt was injurious
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 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 have come into play. We
may therefore conclude that the above two propositions
that

is,

;

;

are true,

—that

cross-fertilisation is generally beneficial

and self-fertilisation often injurious to the offspring.
That certain plants, for instance, Viola tricolor,
Digitalis purpurea, Sarothamnus scoparius, Cyclamen
persicum, &c., which have been naturally cross-fertilised
lor

many

or all previous generations, should suffer to

an extreme degree from a single act of self-fertilisation
is an astonishing fact.
The evil does not depend in
* See

150.

'

Variation under Domestication,* eh. xix. 2nd edit. vol.

ii.

p.
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any corresponding degree on the pollen of the selffertilised parents acting inefficiently on the stigmas of
for in the case of the Ipomoea,
the same flowers
Mimulus, Digitalis, Brassica, &c., the self-fertilised
parents yielded an abundant supply of seeds never;

;

from these seeds were
markedly inferior in many ways to their cross-fertiAgain with Keseda and Eschscholtzia
lised brethren.
the

theless

plants

raised

the more self-sterile individuals profited

in a less
degree by cross-fertilisation than did the more selfWith animals no manifest evil
fertile individuals.
has been observed to follow in the first few generations
from close interbreeding but then we must remember
;

that the closest possible interbreeding with animals,

that

between brothers and

is,

sisters,

cannot be con-

sidered as nearly so close a union as that between the

pollen and ovules of the same flower.

Whether with

plants the evil from self-fertilisation goes on increas-

ing during successive generations is not as yet known
but we may infer from my experiments that the increase,
;

if

any,

is

from rapid.

far

pagated by

After plants have been pro-

self-fertilisation for several generations,

a

single cross with a fresh stock restores their pristine

vigour

;

and we have a

strictly

analogous result with

The good
transmitted by plants

our domestic animals.*
tilisation are

ration

;

pea, to

and judging from the

many

effects of cross-fer-

to the

next gene-

varieties of the

succeeding generations.

But

common
may

this

merely be that crossed plants of the first generation
are extremely vigorous, and transmit their vigour, like
any other character, to their successors.
The means for favouring cross-fertilisation and preventing
*

'

self-fertilisation, or

Variation under Domestication,'

conversely for favouring

cli.

xix.

2nd

edit. vol.

ii.

p. 159.
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and preventing

to a certain extent
wonderfully diversified and it
remarkable that these differ widely in closely allied

self-fertilisation

cross-fertilisation, are
is

plants,*

— in the

;

species of the

same genus, and some-

times in the individuals of the same species.

It is

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 proterandrous and proterogynous species, t Several genera
include both heterostyled (dimorphic or trimorphic
forms) and homostyled species.
Ophrys offers a
remarkable instance of one species having its structure
manifestly adapted for self-fertilisation, and other
species as manifestly adapted for cross-fertilisation.
Some con-generic species are quite sterile and others
not rare to

find

;

•

quite fertile with their

causes we

own pollen.

often find within

the

From

these several

same genus species

which do not produce seeds, while others produce an
abundance, when insects are excluded. Some sj)ecies
bear cleistogamic flowers which cannot be crossed, as
well as perfect flowers, whilst others in the same genus
never produce cleistogamic flowers. Some species exist
under two forms, the one bearing conspicuous flowers
adapted for cross-fertilisation, the other bearing inconspicuous flowers adapted for self-fertilisation, whilst
other species in the same genus present only a single
Even with the individuals of the same species,
form.
the degree of self-sterility varies greatly, as in Keseda.
With polygamous plants, the distribution of the sexes
*

Hildebrand

has

insisted

strongly to this effect in his
valualMe observations on the fertilisation of the Gramineie: 'Mo-

natsbericht K. Akad. Berlin,' Oct.
1872, p. 763.
Bot. Zeitung,'
t Dr. Engler,
1868, p. 833.
'
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same species. The relawhich the sexual elements in the same

differs in tlie individuals of the

tive period at

flower are mature, differs in the

gonium

;

varieties

of Pelar-

and Carriere 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,
but in a directly opposed manner and dependent on
variable conditions.

SeK-fertilisation assures the pro-

and the necessity
by the average
length of life of the plant, which largely depends on
the amount of destruction suffered by the seeds and
This destruction follows from the most
seedlings.
various and variable causes, such as the presence of
animals of several kinds, and the growth of surroundduction of a large supply of seeds

;

or advantage of this will be determined

ing plants.

The

possibility of cross-fertilisation de-

pends mainly on the presence and number of certain
insects, often of insects belonging to special groups,
and on the degree to which they are attracted to the
flowers

of

any particular species

other flowers,

—

all

in

preference to

circumstances likely to

change.

Moreover, the advantages which follow from cross-

much

fertilisation differ

in different plants, so that

it

is probable that allied plants would often profit in
Under these
different degrees by cross-fertilisation.

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,

*

'

Des

it

is

Yarietes,' 1865, p. 30.

not surprising
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that allied forms should exhibit an extreme diversity
in the

means which favour

either end.

If,

as there is

is in some
more than counterbalanced

reason at least to suspect, self-fertilisation
respects beneficial, although

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
differ

tlie

several species within the

same genus

in their degree of superiority over their self-

brethren
but I should expect that this
would often prove to be the case from what was
observed with the two species of Lobelia and with the
individuals of the same species of Nicotiana.
The
species belonging to distinct genera in the same family

fertilised

;

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 crossfertilisation, and the degree to which their offspring
but we may easily err on this
profit by this process
head, as there are two means for favouring cross-fertilisation which are not externally perceptible, namely,
self-sterility and the prepotent fertilising influence of
pollen from another individual. Lastly, it has been
shown in a former chapter that the effect produced by
cross and self-fertilisation on the fertility of the parent;

plants does not always correspond with that produced

on the height, vigour, and fertility of their offspring.
The same remark applies to crossed and self-fertilised
seedlings when these are used as the parent-plants. This
want of correspondence probably depends, at least in
part, on the number of seeds produced being chiefly
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determined by the number of the pollen-tubes which
reach the ovules, and this will be governed by the reaction 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 mysterious virtue in the mere union of two
distinct individuals, but from such individuals having
been subjected during previous generations to different conditions, or to their having varied in a

commonly

their sexual elements
entiated.

manner

called spontaneous, so that in either case

And

have been in some degree

differ-

secondly, that the injury from

self-

from the want of such differentiaThese two propositions
tion in the sexual elements.
are fully established by my experiments.
Thus, when
plants of the Ipomoea and of the Mimulus, which had
been self-fertilised for the seven previous generations
and had been kept all the time under the same conditions, were intercrossed one with another, the offspring
did not profit in the least by the cross. IMimulus
offers another instructive case, showing that the
benefit of a cross depends on the previous treatment
plants which had been self-ferof the progenitors
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
fertilisation follows

:

;
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the same self-fertilised

mother-plant

and the latter seedlings were
100 to 52, and in fertility
height
as
former
in
to the
parallel experiment was
exactly
4.
An
100
to
as
tried on Dianthus, with this difference, that the plants
had been self-fertilised only for the three previous generations, and the result was similar though not so strongly
marked. The foregoing two cases of the offspring of
Ipomoea and Eschscholtzia, derived from a cross with a
crossed by a fresh stock

fresh stock, being as

;

much

superior to the intercrossed

plants of the old stock, as these latter were to the selffertilised offspring, strongly support the
sion.

seems

A cross with
to

same conclu-

a fresh stock or with another variety

be always highly beneficial, whether

not the mother-plants have been intercrossed or
fertilised for several previous generations.

The

or

self-

fact

that a cross between two flowers on the same plant

does no good or very

little

our

good,

likewise a strong

is

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 distinct individuals,
sometimes varying and differing from one another in

corroboration

of

conclusion

structure or constitution.

the benefit from

;

Thus the proposition that

cross-fertilisation

depends on the

plants which are crossed having been subjected during

previous generations to somewhat different conditions,
or to their having varied from
if

some unknown cause

they had been thus subjected,

is

as

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 sav,
2 G
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common

to the closely

the two sexes of hermaphrodite plants.
injury has

thus

of consti-

related parents, or to

Undoubtedly

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

often

resulted

;

she had been unhealthy she would have

transmitted half her morbid tendencies to her crossed

But plants appearing perfectly healthy,
some of them growing wild, or the immediate offspring
offspring.

selected for experiment.
species which were tried,

common

garden-plants, were
Considering the number of
it is nothing less than absurd

of wild plants, or vigorous

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 selffertilised seedlings, many hundreds in number, were
rendered
vigour,

inferior

and

in

height,

weight,

over, this belief cannot be

Moreextended to the strongly

marked advantages which invariably

my

constitutional

fertility to their crossed offspring.

follow, as far as

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.
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 concerned, 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
It is hardly necessary to advance evidence
disputed.

on this head

;

we can perceive the difference between

;
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the same species which have
somewhat more shady or sunny, dry or damp
Plants which have been propagated for some
places.
generations under different climates or at different
individual plants of

grown

in

seasons of the year transmit different constitutions to
their seedlings. Under such circumstances, the chemical constitution of their fluids and the nature of
Many other such
their tissues are often modified.*
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

tends to act on

its

an organism in any way, likewise

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 reproductive 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
produce offspring, though the confinement may be far
from close and of plants rendered sterile by cultiBut hardly any cases afford more striking
vation.
evidence how powerfully a change in the conditions uf
life acts on the sexual elements, than those already
given, of plants which are completely self-sterile in
one country, and when brought to another, yield, even
;

* Numerous cases together with
references are given in my Vaiiation under Domestication,' ch.
xxiii. 2nd edit. vol. ii. p. 26+.
With respect to animals, Mr.
'

has well shown
Contribution to the Theory of
Diathesis,' Edinburgh, 18G9) that

Brackeuridge
('

A

the different organs of animals
are excited into different degrees
of activity by differences of tomperature and food, and become to a
certain extent adapted to them.
f 'Variation under Domestication,'

ch.

xii.

2nd

edit.

p. 46G.

2 G 2

vol.

i.
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generation, a fair supply of self-fertilised

seeds.
it may be said, granting that changed conditions
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 to exactly the same
conditions ? Although this question has been already
considered, it deserves further consideration from
In my experiments with
several points of view.
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
The crossed and self-fertilised plants raised
distance.
from the seeds thus obtained, produced flower-stems
in number as 100 to 47, and in average height as 100
Therefore the cross between these two plants
to 70.
but how could their sexual
was highly beneficial
elements have been differentiated by exposure to
If the progenitors of the two
different conditions ?
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,

But

act

;

—such as the intercrossed plants of the ninth generaplants of the
tion of Ipomoea, — or the
eighth generation of Mimulus, — or the offspring from
case a cross
flowers on the same plant, — and in
self-fertilised

this

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
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know from the admirable

Lawes and Gilbert* that different
plants require and consume very different amounts of
inorganic matter. But the amount in the soil would

researches of Messrs.

probably not make so great a difference to the several
individuals of any particular species as might at

first

for
the surrounding species with
expected
different requirements would tend, from existing in
greater or lesser numbers, to keep each species in a

be

;

what it could obtain
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
Nevertheless, as
traces of former ridges and furrows.
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 I allowed the plants on rather
more than a square yard of turf which had been closely
mown for several years, to grow up and nine species
out of twenty were thus exterminated but whether
this was altogether due to the kinds which grew up
robbing the others of nutriment, I do not know.
Seeds often lie dormant for several years in the
ground, and germinate when brought near the surface
by any means, as by burrowing animals. They would
probably be affected by the mere circumstance of having
sort of equilibrium, with respect to

from the

soil.

;

;

;

;

*

part

'

Journal of the Royal Agricultural Soc. of England,'

i.

vol. xxiv,

;
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long lain dormant; for gardeners believe that the
production of double flowers and of fruit is thus influenced.

Seeds, moreover, which were matured during

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
Therefore one of the parents or
plant to plant.
ancestors of our two plants of Digitalis may have been
crossed by a distant plant growing under somewhat
diflerent seasons, will

diflerent

Plants thus crossed often pro-

conditions.

duce an unusually large number of seeds

;

a striking

by the Bignonia, previously mentioned, which was fertilised by Fritz Miiller
with pollen from some adjoining plants and set hardly
any seed, but when fertilised with pollen from a disinstance of this fact

is

afi'orded

tant plant, was highly fertile.
of this kind

Seedlings from a cross

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
or obliteration

ex-

and this is due to the augmentation
of some of these characters, and to

ternal characters

;

the reappearance of former ones through reversion

and

so

it

will be, as

we may

feel

almost sure, wdth any

slight differences in the constitution of their sexual

Anyhow,

my

experiments indicate that
have been long subjected to
almost though not quite the same conditions, is the
elements.

crossing plants which
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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.
theless,

the continued

intercrossing

of

Never-

plants

thus

treated does tend to obliterate such differentiation, as

may

be inferred from the lessened benefit derived from

intercrossing such plants, in comparison with that from

a cross with a fresh stock.

It

seems probable, as I

may

add, that seeds have acquired their endless curious

adaptations for wide dissemination,* not only that the
seedlings should thus be enabled to find

new and

fitting

homes, but that the individuals which have been long
subjected to the same conditions should occasionally
intercross with a fresh stock.

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
There is at least
to absolutely the same conditions.
in
believing
that
such
plants
have been
difficulty
no
subjected to sufficiently distinct conditions to differentiate their sexual elements

;

for

we know that a plant

propagated for some generations in another garden in
the same district serves as a fresh stock and has high
fertilising powers. The curious cases of plants which
can fertilise and be fertilised by any other individual
of the same species, but are altogether sterile with their
own pollen, become intelligible, if the view here propounded is correct, namely, that the individuals of the
*

See Prof Hilclebrantl's excellent

Pflauzen,' 1873.

treatise,

'

Verbreitungsmittel der
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same species growing in a state of nature near together,
have not really been subjected during several previous
generations to quite the same conditions.
Some naturalists assume that there is an innate
tendency in all beings to vary and to advance in
and
organisation, independently of external agencies
;

they would,
differences

same

I

presume,

thus

which distinguish

all

explain

the

slight

the individuals of the

species both in external characters

and

in con-

both
No two
between nearly allied varieties.
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
They
different rates and grow more or less vigorously.

stitution, as well as the greater

differences

in

respects

;

and other unfavourable conditions differently.
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
They have different powers* of transmitting
disease.
and many analogous
their characters to their offspring

resist cold

They would

;

Now, if it were true that
could be given.
in a state of nature had
together
near
plants growing

facts

been subjected during

many

previous generations to

absolutely the same conditions, such differences as those
but they
just specified would be quite inexplicable
;

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.
a species is first brought under culture, it may

When

* Vilmoriii, as

quoted by Verlot,

'

Des

Varie'tes,' pp. 32, 38, 39.
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may not be subjected to a change of climate-, but it
always grown in ground broken up, and more or less
manured it is also saved from competition with other
The paramount importance of this latter
plants.

or
is

;

is proved by the multitude of species
which flourish and multiply in a garden, but cannot
exist unless they are protected from other plants.
When thus saved from competition they are able to
get whatever they require from the soil, probably
often in excess and they are thus subjected to a great
change of conditions. It is probably in chief part
owing to this cause that all plants with rare exceptions 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 for if a plant
varies very little, like most species in a state of nature,
frequent intercrosses tend to give uniformity of

circumstance

;

;

;

character to

it.

I 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
slightly different conditions.

This does not apply to

the individuals of the same species

when

cultivated in

ground in the same garden. But if their
flowers are visited by insects, they will intercross
and
cleared

;

this

will

give to their sexual

number

elements

during

a

of generations a suflicient

amount

of differentiation for a cross to be beneficial.

More-

considerable
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exchanged or procured from
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 cross with a fresh stock.
I have been led to the views just advanced with

over, seeds are frequently

other gardens having a different kind of soil

;

respect to the causes of the differentiation of the sexual

elements and of the variability of our garden plants,

by the

results of

especially

my

by the four

various experiments, and

more

cases in which extremely incon-

after having
been self-fertilised and
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
generation, differed somewhat in the successive generations.
Now, under these circumstances, the sexual
elements of the plants which were intercrossed in each
generation retained sufficient differentiation during
several years for their offspring to be superior to
the self-fertilised, but this superiority gradually and
manifestly decreased, as was shown by the difference

stant

species,

grown

;
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in the result between a cross with one of the inter-

crossed plants and with a fresh stock.

These

crossed plants tended also in a few cases to

somewhat more uniform in some of
racters than they were at

plants which were

first.

inter-

become

their external cha-

With

self-fertilised in

respect to the
each generation,

their sexual elements apparently lost, after

some

years,

between them did no
more good than a cross between the flowers on the
same plant. But it is a still more remarkable fact, that
although the seedlings of Mimulus, Ipomcea, Dianthus,
and Petunia which were first raised, varied excessively in
the colour of their flowers, their offspring, after being
self-fertilised and grown under uniform conditions for
some generations, bore flowers almost as uniform in
tint as those on a natural species.
In one case also
the plants themselves became remarkably uniform in
all

differentiation, for a cross

height.

The conclusion

that

the advantages

depend altogether on the

of

a

cross

differentiation of the sexual

elements, harmonises perfectly with the fact that an
occasional and slight change in the conditions of
is

beneficial

to

plants and animals.*

all

life

But the

offspring from a cross between organisms which have

been exposed to different conditions, profit in an incomparably higher degree than do young or old beings
from a mere change in their conditions.
In this
latter case we never see anything like the effect
which generally follows from a cross with another
individual, especially from a cross with a fresh stock.
This might, perhaps, have been expected, for the
blending together of the sexual elements of two differentiated beings will affect the whole constitution at
* I have given sufficient evidence on this head in my Vaii'

aticn under Domestication,' ch.
xviii. vol. ii. 2nd edit. p. 127.

460

GENERAL RESULTS.

Chap. XII.

a very early period of life, wliilst the organisation is
highly flexible. We have, moreover, reason to believe
that changed conditions generally act differently on

the several parts or organs of the same individual

;*

we may further believe that these now slightly
differentiated parts react on one another, the harmony
and

if

between the beneficial effects on the individual due to
changed conditions, and those due to the interaction of
differentiated sexual elements, becomes still closer.

That wonderfully accurate observer, Sprengel, who
showed how important a part insects play in the
fertilisation of flowers, called his book
The Secret
of Nature Displayed
yet he only occasionally saw
that the object for which so many curious and beautiful
adaptations have been acquired, was the cross-fertilisation of distinct plants
and he knew nothing of the
benefits which the ofl'spring thus receive in growth,
vigour, and fertility.
But the veil of secrecy is as
first

*

;

'

;

yet far from lifted

why

it is

;

nor will

until

it be,

we can say

beneficial that the sexual elements should

be differentiated to a certain extent, and why, if the
differentiation be carried still further, injury follows.
It is an extraordinary fact that with many species,
even when growing under their natural conditions,
flowers fertilised with their own pollen are either
absolutely or in some degree sterile if fertilised with
pollen from another flower on the same plant, they are
sometimes, though rarely, a little more fertile; if
fertilised with pollen from another individual or variety
;

same species, they are fully fertile
but if
with pollen from a distinct species, they are sterile

of the

;

in all possible degrees, until utter sterility
* See, for instance, Brackenridge,
1869.

'

Theory of

is

reached.

Diathesis,'

Edinburgh,
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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

one of the higher plants depends,
on the mutual action of the pollengrains and the stigmatic secretion or tissues, and afterwards on the mutual action of the contents of the
Both actions, judging from
l)ollen- grains and ovules.
the increased fertility of the parent-plants and from the
increased powers of growth in the offspring, are favoured
by some degree of differentiation in the elements
which interact and unite so as to form a new being.
Here we have some analogy with chemical affinity or
attraction, which comes into play only between atoms
in the

fertilisation of

first

place,

or molecules of a different

remarks

nature.

As

Prof. Miller

" Generally speaking, the greater the

:

dif-

ference in the properties of two bodies, the more intense
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
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 distinct species for although some substances which
are extremely dissimilar, for instance, carbon and

is

.

.

.

;

;

*

•

Elements of Chemistry,' 4th

Dr.
i.
p. 11.
Frankland informs me that similar
edit.

1867, part

views with respect to chemical
aflBiiity are generally accepted by
chemists.
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have a very feeble affinity for each other,
cannot be said that the weakness of the affinity
depends in such cases on the extent to which the

chlorine,

yet

it

substances

amount

It

differ.

is

differentiation

of

known why

not
is

a certain

necessary or favourable

chemical affinity or union of two substances,
for the fertilisation or union of two
organisms.

for the

any more than

Mr. Herbert Spencer has discussed this whole subject
at great length,

throughout

and

nature

" that

after stating that all the forces

tend

towards

an

equilibrium,

the need of this

union of spermcell and germ-cell is the need for overthrowing this
equilibrium and re-establishing active molecular
change in the detached germ a result which is
probably effected by mixing the slightly-different

remarks,

—

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

We do not know what is the nature or
degree of the differentiation in the sexual elements
our ignorance.

which

is

favourable for union, and what

is

union, as in the case of distinct species.

say

why the individuals

injurious for

We

cannot

of certain species profit greatly,

and others very little by being crossed. There are some
few species which have been self-fertili*sed for a vast
number of generations, and yet are vigorous enough
to compete successfully with a host of surrounding
Highly self-fertile varieties sometimes arise
plants.
* 'Principles of Biology,' vol.

i.

In my Origin of
Species,* published in 1859, I
spoke of the good effects from
slight changes in the conditions of
ffom cross-fertilisation,
life and
and of the evil effects from great
p. 274, 1864.

'

changes in the conditions and
from crossing widely distinct forms
(i.e.,

species), as a series of facts

" connected

common
which

but

together

essentially
the principle of life."
is

by some

unknown

bond,

related

to
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among

plants which have been self-fertilised and
grown under uniform conditions during several generations.
We can form no conception why the

advantage from a cross

is

sometimes directed excluand sometimes to the

sively to the vegetative system,

commonly to both. It is
why some individuals of the same

reproductive system, but

equally inconceivable

species should be sterile, whilst others are fully fertile

with their own pollen
either

lessen or

;

why a change

increase

of climate should

the sterility of self-sterile

species; and why the individuals of some species should
be even more fertile with pollen from a distinct 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

horticulturists

sions at

may

and

learn something from the conclu-

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 constitution common to the related parents, and only
indirectly on their relationship, in so far as they are
apt to resemble each other in all respects, including
their sexual nature. And, secondly, that the advantages
of cross-fertilisation depend on the sexual elements of
the parents having become in some degree differentiated
by the exposure of their progenitors to different
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

;
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observation, have acted on this principle,

and have kept
more distant and
They have then coupled

stocks of the same animals at two or
differently situated farms.

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 propagation to breeders in other places.
As some kinds of
plants suffer

much more from

others, so

probably

it

The

is

self-fertilisation than do
with animals from too close

on
be deterioration 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 different soil, so as to avoid raising plants for a long
succession of generations under the same conditions
but with all the species w^hich 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 would yield far more
favourable results than a mere exchange of seeds. We
have seen in my experiments how wonderfully the
interbreeding.

effects of close interbreeding

animals, judging again from plants,

wwld

;

;

and ferby crosses of this kind. For instance, plants of
Ipomoea thus crossed were to the intercrossed plants
of the same stock, with which they grew in competition,
offspring profited in height, weight, hardiness,
tility,

*

2nd

'

Variation of Animals and Plants under Domestication,* ch. xvii-

edit. vol.

ii.

pp. 98, 105.

;

CiiAP.

XIL
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100 to 78 in height, and as 100 to 51 in fertility
and plants of Eschscholtzia similarly compared were
In comparison with selfas 100 to 45 in fertility.
fertilised plants the resnlts are still more striking;
thns 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
as

each fleeting variety of colour,

if

they will

flowers of the desired kind with their

fertilise

own

the

pollen for

half-a-dozen generations, and grow the seedlings under

But a

the same conditions.

any other

cross with

in-

dividual of the same variety must be carefully prevented, as each has

its

own

a dozen generations of

peculiar constitution.

self-fertilisation, it is

After

probable

new variety would remain constant even if
grown under somewhat different conditions and there
would no longer be any necessity to guard against intercrosses between the individuals of the same variety.
With respect to mankind, my son George has endeavoured to discover by a statistical investigation *
that the

;

whether the marriages of first cousins are at all inalthough this is a degree of relationship
which would not be objected to in our domestic
animals and he has come to the conclusion from his

jurious,

;

own

researches and

those of Dr. Mitchell that the

evidence as to any evil thus caused

on the whole points
facts

to its

given in this volume we

mankind the marriages

is

conflicting, but

From the

being very small.

may

that with

infer

some
and ancestors had lived under very
different conditions, would be much less injurious than
that of persons who had always lived in the same
of nearly related persons,

of whose parents

* ' Journal of Statistical Soc' June 1875, p. 153
Review,' June 1875.
,

;

and Fortnightly
•

2

H

466

GENERAL RESULTS.

Chap. XII.

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 counterbalance any evil from marriages between healthy and
somewhat closely related j^ersons.

Under

a theoretical point of view

science to

know

that numberless

maphrodite plants, and

some gain

it is

structures

to

in her-

probably in hermaphrodite

animals, are special adaptations for securing an occasional cross between tAVO 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

embryo
a mature plant
that the

is

somewhat

differentiated, so

benefited in the same

manner

as is

animal by a slight change in its
conditions of life, although in a much higher degree.
Another and more important result may be deduced
from my observations. Eggs and seeds are highly
serviceable as a means of dissemination, but we now
know that fertile eggs can be produced without the
aid of the male.

or

There are also many other methods

by which

organisms can be propagated asexually.
Why then have the two sexes been developed, and
why do males exist which cannot themselves produce
offspring ?
The answer lies, as I can hardly doubt, in
the great good which is derived from the fusion of two
and with the
somewhat differentiated individuals
;

exception of the lowest organisms this

by means

is

possible only

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

;
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offspring from the union of two distinct individuals,
if their progenitors have been subjected to
very different conditions, have an immense advantage
in height, weight, constitutional vigour and fertility

especially

over the self-fertilised offspring from one of the same
parents.

And

this fact is

amply

sufficient to account

for the development of the sexual elements, that is, for
the genesis of the two sexes.
It is a different question why the two sexes are
sometimes combined in the same individual and are
As with many of the lowest
sometimes separated.
plants and animals the conjugation of two individuals
which are either quite similar or in some degree different, 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,

and the

other,

which

is

may

be called the female

often smaller

may

and more

loco-

be called the male though these sexual
names ought hardly to be applied as long as the
whole contents of the two forms are blended into one.

motive,

The

;

object gained

by the two sexes becoming united

in the same hermaphrodite form probably
of occasional

or frequent

is

to allow

self-fertilisation, so

as

to

ensure the propagation of the species, more especially
in the case of organisms affixed for life to the

same
There does not seem to be any great difficulty
in understanding how an organism, formed by the
conjugation of two individuals which represented the
two incipient sexes, might give rise by budding first
to a moncecious and then to an hermaphrodite form
and in the case of animals even without buddino: to
an hermaphrodite form, for the bilateral structure of
animals perhaps indicates that they were aboriginally
formed by the fusion of two individuals.
2 H 2

spot.

;

GENERAL RESULTS.

468

Chap. XII.

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 naturalthe advantages which follow from a division of

ists to

The principle is intelligible
when the same organ has to perform at the same time
physiological labour.

diverse functions but it is not obvious why the male
and female glands when placed in different parts of
the same compound or simple individual, should not
perform their functions equally well as when placed in
two distinct individuals. In some instances the sexes
may have been re-separated for the sake of j)reventing
;

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
if endowed with a highly complex organi-

withstand,
sation

;

and that

at the

same time there was no need
produce young, and conseon the contrary, good resulted

for all the individuals to

quently that no injury,
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

distinct

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
and all experimentalists have found that
is formed
;

it

is

much

influenced by the conditions to which the
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plant's

own pollen

strongly prepotent over that of any other species,

so that if

it is

placed on the stigma some time after

foreign pollen has been applied to

the latter

that not only
their pollen

is

are

more

often in a

The degree

dition.

any

effect

from

the parent species, but the hybrids

them

raised from

it,

It is also notorious

quite obliterated.

is

or less sterile

more

and that

;

or less aborted con-

of sterility of various

hybrids

does not always strictly correspond with the degree of
difficulty in uniting the parent forms.

are capable of breeding inter

more

or less sterile,

When

hybrids

their descendants are

se,

and they often become

still

more

but then close interbreeding has hitherto been practised in all such cases.
The more sterile hybrids are sometimes much dwarfed

sterile in the later generations

in

stature,

;

and have a feeble

constitution.

Other

be given, but these will suffice for us.
Naturalists formerly attributed all these results to
the difference between species being fundamentally
distinct from that between the varieties of the same
facts could

species

The

;

and

this is still the verdict of

results of

my

experiments in

some

naturalists.

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
own pollen yield

of species flowers fertilised with their

sometimes

much

fewer seeds, than those fertifrom 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 Eschscholtzia and Abutilon. The effects of pollen from the

fewer

lised with pollen

;

same plant are obliterated by the prepotent influence
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of pollen from another individual or variety, although

the latter

may have been

placed on the stigma some

The offspring from self-fertilised
themselves more or less sterile, sometimes

hours afterwards.
flowers are

highly

and

sterile,

imperfect condition

is sometimes in an
but I have not met with any case

their pollen
;

of complete sterility in self-fertilised seedlings, as
so

common

with hybrids.

The degree

is

of their sterility

does not correspond with that of the parent-plants when
first

self-fertilised.

plants

suffer

in

The

stature,

offspring

of

self-fertilised

weight, and constitutional

vigour more frequently and in a greater degree than
do the hybrid offspring of the greater number of
crossed species.

Decreased height

is

transmitted to

the next generation, but I did not ascertain whether
this applies to decreased fertility.

have elsewhere shown * that by uniting in various
ways dimorphic or trimorphic heterostyled plants,
which belong to the same undoubted species, we get
I

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
from a plant belonging to a distinct form. They sometimes yield no seed, not even an empty capsule, like
a species fertilised with pollen from a distinct genus.

The degree

of sterility

is

much

affected

by the condi-

which the plants have been subjected. The
pollen from a distinct form is strongly prepotent over
that from the same form, although the former may
have been placed on the stigma many hours afterwards.
tions to

*

'

The

Diflferent

1877, p. 240.

Forms of Flowers on Plants of the same

species,*

—
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The

offspring from a union between plants of the same
form are more or less sterile, like hybrids, and have

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

their pollen in a

in detail,

—such

;

as their sterility not corresponding

in degree with that of the parent plants,
of the

sterility

latter,

when

—the unequal

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 distinct species. With respect to the difference
between seedlings raised from cross and self fertilised
flowers, there is good evidence that this depends altogether on whether the sexual elements of the parents
have been sufficiently differentiated, by exposure to
different conditions or by spontaneous variation.
The
manner in which plants have been rendered heterostyled is an obscure subject, but it is probable that the
two or three forms first became adapted for mutual
fertilisation, that is for cross-fertilisation,

through the

and pistils in length, and
that afterwards their pollen and ovules became coadapted the greater or less sterility of any one form
with pollen from the same form being an incidental
Anyhow, the two or three forms of heteroresult.*
styled species belong to the same species as certainly
We have
as do the two sexes of any one species.
therefore no right to maintain that the sterility of
species when first crossed and of their hybrid offspring,
variation of their stamens

;

* This subject has been discussed
Flowers &c.,' pp. 260-268.

iu

my

'Different

Forms

ot
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determined by some cause fundamentally different
from that which determines the sterility of the individuals both of ordinary and of heterostyled plants

is

when united

in

aware that

will

it

various

take

ways.

many

Nevertheless, I
years to remove

am
this

prejudice.

There is hardly anything more wonderful in nature
than the sensitiveness of the sexual elements to external

and the delicacy of their affinities. We see
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

influences,

this in slight

health.

We

see

how

sensitive the sexual elements of

those plants must be, which are completely sterile with
their

own

either

any other
Such plants become
subjected to changed

pollen, but are fertile with that of

individual of the same species.

more

or less self-sterile if

conditions, although the

The ovules

change may be

of a heterostyled

far

from great.

trimorphic plant are

by pollen from the three sets
same species. AA^ith ordinary plants the pollen of another variety or merely of
another individual of the same variety is often strongly
affected very differently

of stamens belonging to the

prepotent over

own

when both

are placed
In those great
families of plants containing many thousand allied
species, the stigma of each distinguishes with unerring certainty its own pollen from that of every

at the

its

pollen,

same time on the same stigma.

other species.

There can be no doubt that the sterility of diswhen first crossed, and of their hybrid
offspring, depends exclusively on the nature or affitinct species

nities of their sexual elements.

We

see this in the

want of any close correspondence between the degree
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and the amount of external di ffe reneo
and still more clearly

species which are crossed

;

in the
in the

wide difference in the results of crossing reciprocally
that is, when species A is
the same two species
crossed with pollen from 1>, 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

Long-continued domestication
eliminates, as I have shown in my Variation under
Domestication,' the mutual sterility which distinct
species lately taken from a state of nature almost always
exhibit when intercrossed and we can thus understand
the fact that the most different domestic races of animals
But whether this holds good
are not mutually sterile.
with cultivated varieties of plants is not known, though
period than varieties.

*

;

some

facts indicate that it does.

The elimination

of

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 withstand 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

sterility

;

that

the difference in the affinities

of

the sexual

elements of distinct 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

474
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having thus acquired firmly fixed affinities. However
may be, with the two great classes of cases before
us, namely, those relating to the self-fertilisation and
cross-fertilisation of the individuals of the same species,
and those relating to the illegitimate and legitimate
this

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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Antirrhinum majus (red var.), 363
perforated corolla, 432
(white var.), 363
(peloric var.), 363
;

Apium

petroselinum, 172 result of
experiments, 277
Argemone ochroleuca, 366
Aristotle on bees frequenting flowers
of the same species, 418
;

Aristolochia, 420

measurements,

W.

Kalmia

of

sterility

J.,

359 on nectar in Rihes
aureum, 435
Bean, the common, 435
Bees distinguish colours, 373; frequent the flowers of the same
species,
4 1 8,
423
guided by
coloured corolla, 423; powers of
vision and discrimination, 425
memory, 426; unattracted by
odour of certain flowers, 426
industry, 427; profit by the corolla perforated by humble-bees,
430 skill in working, 431 habit,
434 foresight, 436
humble, recognise varieties
as of one species, 419
colour
not the sole guide, 424; rate of
flying, 427
number of flowers
visited, 428; corolla perforated
by, 429, 436; skill and judgment,
432
latifolia,

;

;

;

;

;

,

;

;

Mr., the hairs of Digitalis
purpurea, 82
Phaseolus multinot visited by bees
florus, 151
in Nicaragua, 360
hummingbirds carrying pollen, 371
secretion of nectar, 404
in Acacia
passionspherocephalus
and
flower, 406 perforation of corolla,

Belt,

;

;

;

;

;

;

Arum maculatum, 420
B.
Bailey, Mr., perforation of corolla,

430

;

result of experiments,

277
Bartsia odontites, 369

;

Acanthacex, 96

;

433
Bennett, A. W., on Viola tricolor,
123; structure of Impatiensfidca,
367; plants flowering in winter,
386 bees frequenting flowers of
;

same

species,

419

;

;;
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BKKTHAM.

CONVOLVULUS.

Bentham,

on protection of the
stigma in Synaphea, 415
Beta vulgaris, 228
measurements,
crossed not exceeded
229, 280
by self-fertilised, 289, 367; prepotency of other pollen, 399
Bignonia, 363
Birds means of fertilisation, 371
Blackley, Mr., weights of pollen of
anemophilous plants, 377, 378
on anthers of rye, 378
pollen
carried by wind, experiments with
a kite, 408
Boraginacefe, 185
Borago officinalis, 185, 276 mea;

;

;

;

surements, 186
of crossed, 293

;

;

early flowering
seeds, 323
par;

tially self-sterile,

362

Boulger, Mr., on moths frequenting
Petunias, 188
Brackenridgc, Mr., organism of animals affected by temperature and
food,
446; different effect of

changed conditions, 455
Bmssica oleracea, 98
measure;

ments,

weight, 101, 102;
experiments, 262
superiority of crossed, 288 period
of flowering, 292
seeds, 322

remarks

100;

on

;

;

365

self-fertile,

napus, 395
rapa, 395
Brisout, M., insects

Cabbage, Eagged Jack, 397
Calceolaria, 87, 369
Calluna vulgaris, 424

Campanula carpathica, 174, 364
Campanulacex, 174
A. de, on ascending
a mountain the flowers of the
same species disappear abruptly,

Candolle,

391

Canna

icarscewiczi, 230
result of
crossed and self-fertilised, 278;
period of flowering, 294
seeds,
323, 325 highly self-fertile, 369
Catmacese, 230
;

;

;

Carduus

arctioides,

404

Carnation, 132
Carriere, relative period of the maturity of the sexual elements on
same flower, 446
Caryopliyllacex, 130
Caspary, Professor, on Corydalis
cava, 331
Nymphxacex, 358
Euryale ferox, 365 ; on flowers of
water-lilies, 392
;

Cecropia, food-bodies of, 404
Centradenia florihunda, 364
Cereals, grains of, 354
Cheeseman, Mr., on Orchids in

New

Zealand, 392
Chenopodiacex, 228
Cineraria, 335
Clarkia elegatis, 1 69 measurements,
early flowering of self-fer170
seeds, 316
tilised, 294, 296
Cleistogamic flowers, 90
Coe, Mr,, crossing Phaseolus vulgaris, 153
Colgate, K., red clover never sucked
by hive-bees in New Zealand,
361
Colour, uniform, of flowers on plants
;

frequenting

flowers of same species, 422
Broom, 163
Brugmansia, 371
hummiag-birds
boring the flower, 435
Bulrush, weight of pollen produced
by one plant, 407, 408
Bundy, Mr., Bihes perforated by
bees, 435
Burbidge, references on the germination of small seeds, 355
Biitschli, O., sexual relations, 412
;

;

;

self fertilised

and grown

under

similar conditions for several generations, 306,

307

Colours of flowers attractive to insects, 372
not the sole guide to
;

bees,

C.

424

Compositae, 173

Cabbage, 98

;

affected

by pollen of

purple bastard, 379; prepotency
of other pollen, 395, 399

Coniferx, 402
Convolvulus major, 28
tricolor, 55

;
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COROLLA.
Corolla, removal
by bees, 428
Coronilla, 407

CorydaUs

of,

423

;

358

intermedia, 331

,

G„

on marriages with

first

cousins, 465

hUea, 359

359

ocJiroleuca,

Conjd<dis solida, 358
Con/Jus avellana, 390
Cowslip, 219

Crinum, 396
Crossed plants,

greater

285
Cross-fertilisation, 371

constitu-

of,

:

see Fertilisa-

tion.

same

on

flowers

i)lant,

297
Cruciferse, 98
effects of,

Criiger, Dr., secretion of sweet
fluid in Marcgraviacec-e, 407

Cuphen purpurea, 323, 3G2

Decaisne on Delphinium consolida,
129
De CandoUe, nectar as an excretion,
403
Delphinium consolida, 129; measurements, 130 seeds, 322 par
tially
sterile, 358;
corolla
removed, 423
Delpino, Professor, Viola tricolor,
123; Phaseolus multiflorus, 150;
intercrossing of sweet-pea, 156;
Lobelia ramosa, 176; structure
of the Cannacex, 230 wind and
water carrying
pollen,
372
Juglans regia, 391
aiiemophilous plants, 401
fertilisation of
Plantago,
excretion
403
of
nectar, 404, 407
secretion of
nectar to defend the plant, 406,
407; aneraopliilous and entomophilous plants, 411;
dioecious
plants, 417
Denny, Pelargonium zonale, 142
;

;

;

;

Cycadese, 402

;

Cyclamen persicum, 215 measureearly flowering of
ments, 216
crossed. 293;
seeds, 317, 323;
;

;

self-sterile,

;

432

halleri, 331

Crossing

F., ntrufture of Phaseolus
muUiJloruH, 150
Pteris aquilina,
405 on nectar glands, 406 perforation of Lathyrm sylvestris,
;

j

c<iva, 331,

tional vi<i;our

Darwin,

perforation

;

362,

self-fertilization

injurious, 448

rcpdiidum, 215
Cytims laburnum, 362

;

;

Diagram showing mean height of
Ipomoea purpurea, 53
Dianthus caryophi/llus, 132 crossed
and self-fertilised, 133-136 measurements, 135-138; cross with
fresh stock, 136 weight of seed,
139; colour of flowers, 139; remarks on experiments, 263, 274
early flowering of crossed, 292
uniform colour of self-fertilised,
309; seeds, 316, 319, 323, 325;
few capsules, 360
;

D.

;

Dandelion, number of pollen-grains,
377
Darwin, C, self-fertilisation
in
Pisum sativum, 161 sexual affinities, 209
on Primtda, 219 bud
variation,
constitutional
298 ;
vigour from cross parentage in
connnon pea, 305
hybrids of
Gladiolus and Cistus, 306
Fhaseolus midtiflorus, 360
nectar
in orchids, 407
on cross-fertilisation, 440, 442, 443; inheritance of acquired modifications,
451 change in the conditions of
;

;

;

;

;

;

;

;

life

beneficial

animals, 459

to

plants

and

;

;

;

Dickie,

Dr.,

self-fertilisation

in

Cannacex, 230
Dictamnus fraxinella, 419
Digitalis purpurea, 81
meagnirements, 84-87; effects of intercrossing, 85, 299
superiority of
crossed, 288, 452
self-sterile,
363
Dipsacex, 172
;

;

;

;

;;
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DOBBS.

Dobbs, bees frequenting flowers of
same species, 419
Dodel, Dr. A., sexual reproductiou,
412
Duhamel on Baphanus sativus,
395
Dunal, nectar as an excretion,
403
Dyer, Mr. Thiselton, on Lobelia
ramosa, 176; on Cineraria, 335;
origin of Hermaphroditism, 413

Faivre, Professor,
of

Farrer,

T.

flowers, 5

Epipactis latifolia, attractive only
to wasps, 376, 426
perforated
424
corolla, 429, 437
Errara, M., on self-fertilisation,
352
Erythrina, 360
109
Eschscholtzia
californica,
measurements, llU plants raised
weight,
from Brazilian seed, 111
113; seeds, 115, 116, 315, 319,
experiments on, 2G3, 275
322

Erica

tetralix,

;

;

;

papilionaceous
;

;

;

on Coronilla, 407
Fermoud, M., Phaseolus
Jlorus,

151

;

multiP. eoccineus hybridus,

151
or

insect-aid,

self-fertilisation of
W.,
Lathyrus odoratus, 153
Eaton, Rev. A. E., on Pringlea, 410
Engelmann, development of sexual
forms, 412
Engler, Dr., on dichogamous Saxifraga, 440
Entomopbilous plants, 411

;

;

sterile,

Earley,

H.,

Lupinus

Inteus, 147
Phaseolus multiflorus, 150, 434
Pisum sativum, 160 cross-fertilisation of Lobelia ramosa, 176

Fertilisation,

E.

self-fertilisation

Cannacex, 230

means

356

plants
so without
plants fer-

of,

partially

357-364

;

;

without insect-aid, 365-369
means of cross-fertilisation, 371
humming-birds, 371; Australian
flowers
fertilised
by honeysucking birds, 371 in New Zealand by the Anthornis melanura,
371 attraction of bright colours,
372; of odours, 374;
flowers
adapted to certain kinds of insects,
large amount of pollen375
grains,
transport of
377, 378
pollen by insects, 379-380 structure
and conspicuousness of
flowers, 383
pollen from a distinct
plant,
prepotent
390
pollen, 394-401
Fertility, heights and weights, relative, of plants crossed by a
tile

;

;

;

;

;

;

;

fresh stock,
intercrossed

self-fertilised,*

(Table

C),

or

245-

;

superiority of self-fertilised over
early flowering,
crossed, 290;

294; artificially self-fertipollen from other
332
selfflowers more effective. 340
efiects
sterile in Brazil, 343, 358
292,

lised,

D), 312

;

relative, of crossed

and

;

;

;

of

252
Fertility of plants as influenced by
cross and selt'-fertilisation (Table

changed conditions on repro-

ductive system, 444, 449

Euphrasia qffieinalis, 368
Euryale amazonica, 358
ferox, 365

(Table E),
314-319; innate, from a cross
with fresh stock (Table F), 319
relative, of flowers crossed with
pollen from a distinct plant and
thek own pollen (Table G), 320
self-fertilised parents

;

;

crossed and
flowers, 324, 325

of

F.

Fabricius on AristolocMa, 420
Fagopyrum esculentum, 228 early
flowering of crossed plant, 293
;

self-fertilised

Flowering, perioil of, superiority of
crossed over self-fertilised, 291297
Flowers, artificial, 374
Flowers, cleistogamic, 90; white.

,

;
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HILDEBBAND.

larger proportion smelling sweetly
S75 structure and conspicuoutiness of, 382 conspicuous and inconspicuous, 38(3 papilionaceous,
fertilised with pollen from
38(3
a distinct plant, 390
Forsi/thia viridissima, 841
Foxglove, 81
Franklaud, Dr., chemical affinity,

pollen of P. officinalis, 380 tulips,
;

396
Gould, humming-birds frequenting
Impatiens, 371
Graminaceie, 233, 445
Grant, Mr., bees of different hives
visiting difierent kinds of flowers,
426
Gray, Asa, flowers of Drosera,
392; sexual relations of trees
in United States, 414
on sexual
reproduction, 442

;

;

;

;

461

Fraxinm ornus, 404
Fumaria capreolata, 366
officinalis,

;

366

H.
G.

Galium aparine, 369

i

spontaneous crossing of
oranges, 396
Mr.,
Limnanthes douglasii,
Galton,
report on the tables of
146
measurements, 16-19, 146, 234
self-fertilised plants, 290, 291
superior vigour of crossed seedlings in Lathyrus odoratus, 353,
Galleslo,

;

;

Heartsease, 123

;

Hedychium, 3G4
Hedi/sarum onobrychis, 361

;

Heights, relative, of crossed and
self- fertilised plants (^Table Ay,

355

240-243

Gartner, excess of pollen injurious,
24 plants fertilising one another
at a considerable distance, 152;
Lobelia fulgens, 179, 330 sterility
of Verbascum nigrum, 'S'dO number
of pollen-grains to fertilise Geum
urbanum, 378 experiments with

Heights,

;

tion

;

380

self-fertilised flowers,

Gesneria pendulina, 92
ments, 92 seeds, 322
Gesmriaccx, 92

352-355
measure;

;

Geum urbanum, number

i

in

SarothamMus

Glaucium luteum, 366
Gotlron, intercrossing of carrot, 172
Primula grandiflora allected by
;

scajxirins,

164; on self-fertilisation not injurious, 441
Herbert on cross-fertilisation, 7
pollen brought
from
distant
plants, 380 spontaneous crossing
of rliododendrons, 396
Hero, descendants of tne plant, 4751, 258; its self-fertilisation, 349
Heferocentron mezicanum, 361
Hibiscus africanus, 140
measurements, 140; result of experiments,
early flowering of crossed
277
plant, 292, 296 number of pollengrains for fertilisation, 378
Hildebrand on pollen of Digital i!i
purpurea, 82
Thunbcrgia alata,
96 experiments on Eschscholtzia,
.

I

j

I

;

;

;

of pollen-

grains for fertilisation, 378

fertility,

Henschel's experiments with pollen,
381
Henslow, Eev. G., cross-fertilisa-

;

Gentry, Mr., perforation of corolla,
430
Geraniacex, 142
Geranium pJueum, 423
Gerardia pedicularia, 430, 437
Germination, period of, and relative
weight of seeds from crossed and

and

weights,

summary, 238-284

;

pollen,

Hallet, Major, on selection of grains
of cereals, 354
Hassall, Mr., number of pollengrains in Paiony and Dandelion,
377 weight of pollen produced
by one plant of Bulrush, 407-408

;

;

;

;;
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110
Viola tricolor,
123; Lobelia ramosa, 17(5 on moths
frequenting; Petunias, 188; Fago•pyrum esculentum,228 self-fertilisation of Zea mays, 233 Corydalis
By^jecoum grandicava, 331;
and //. proflorum, 331, 359
cumbens, 331, 366 sterility of Eschscholtzia, 332 experiments on selffertilisation, 340 Corydalis lutea,
359 spontaneously self-fertilised
flowers, 366
various mechanical
structures to check self-fertilisation, 383
early separation of tlie
sexes, 400 on Aristolochia, 420
fertilisation of the Gr amines, 445
wide dissemination of seeds, 455
californi'ca,

;

;

;

;

;

;

I

;

;

;

;

;

;

;

Hoftmann, Prof. H., self-fertilised
capsules of Papaver somniferum,
108, 366 Adonis sestivalis, 129,
spontaneous variability of
365
;

;

Fhaseolus multiflorus, 151 selffertilisation of kidney-bean, 152
Papaver alpinum, 331 sterility
of Corydalis solida, 358; Linum
usitatissimum, 366 on honey-dew
from a camellia, 404
Honey-dew, 404
Hooker, Dr., Euryale ferox and
Victoria regia, each producing
several flowers at once, 365 on
sexual relation of trees in New
Zealand, 414
Horse-chestnut, 401
Humble-bees, 419 see Bees
Humboldt, on the grains of cereals,
354
Humming-birds a means of crossfertilisation, 371
Hyacinth, 396
Hybrid plants, tendency to revert to
their parent forms, 380
;

;

;

;

:

Hypecoim

by fresh stocks, 105
remarks on experiments, 262
cross

sup. riority of crossed over selfrtilistd seedlings, 289; early
flowering, 292; number of seeds,
f<

highly self-fertile, 365;
315;
prepotency of other pollen, 394
amara, 365
Impatiens frequented by hummingbirds, 371
barbigera, 366
fulva, 341, 367
noli-me-tangere, 367
pallida, 341
Inheritance, force of, in plants, 305
Insects,

means

of cross-fertilisation,

371 attracted by bright colours,
372
by odours, 374
by conspicuous
flowers,
384;
dark
streaks and marks as guides for,
373
flowers adapted to certain
kinds, 376
Ipomoea purpxirea, 28; measurements, 29-49; flowers on same
plant crossed, 41-44; cross with
fresh stock, 45-47
descendants
of Hero, 47-51
summary of
measurements, 52 diagram showing mean heights, 53 summary
of observations, 53-62 of experiments, 257-259; superiority of
crossed, 289;
early flowering,
291, 297 effects of intercrossing,
300; uniform colour of self-fertilised, 308
seeds, 314, 322, 324
highly self-fertile, 368
prepotency of other pollen, 399
Iris, secretion of saccharine matter
from calyx, 404
Isotoma, i76, 364
;

;

;

;

;

;

;

;

;

•

;

;

grandiflorum, 331, 359

procumbens, 331, 366

Juglans regia, 391

I.

Uteris umbellata (var. kermesiana),

103

;

;

measurement,

104-106

;

Kalmia latifolia, 359
Kerner, on protection

of

flowers

;;

;;
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KIDNEY.

LUPINUS.

from crawling insects, 376; on
protection of the pollen, 377;
on the single tliily flower of
polVillarsia parnassi folia, 892
len carried by wind, 408, 415
Kidnoy-bean, 152
Kitchener, Mr., on the action of the
stigma, 64 on Viola tricolor, 123
Knight, A., on the sexual intercourse

Fumariacesp,, 359 ; annual plants
rarely dioecious, 415
Leersia oryzoides, 350

;

;

of plants, 7 crossing varieties of
sexual reproduction,
peas, 163
;

;

442
prepotency of pollen,
394
Kolreuter on cross-fertilisation, 7
number of poUen-giains nect ssary
for fertilisation, 24 sexual affiniVerhascum
ties oi Nicotiana^lia
phnpniceum,
experiments
330
with pollen of Hibiscus vesicarius, 378
Kuhn adopts the term cleistogamic,
90
Kurr, on excretion of nectar, 404
removal of corolla, 423
Kohl-rabi,

;

;

;

Lef/uininosiv, 147

summary on

;

the,

168

Lehmann. Prof., on seedlings from
large and small seeds, 3.")5
Leighton, Rev. W. A., on Vlumeohu
midtijiorus, 151

;

Acacia magnijica,

407
Leptosiphon androsaceus, 3G8
Leschenaultia formosa, 364
Lettuce, 173
Lilium auratum, 341
Limnanthes douglasii, 145 measurements, 146
eiirly flowering of
crossed, 293; seeds, 316, 323;
highly self-fertile, 367
prepotency of other pollen, 399
Linaria vidgaris, 9, 88 seeds, 322
self-sterile, 363
cymbalaria, 385, 426
Lindley on Fumariacex, 359
Link, hypopetalous nectary
in
Chironia decussata, 404
Linum grandiflorum, 343
;

;

;

;

usitatissimum, 366
1.

Lahiatx, 93
Lactuca sativa, 173, 369 measurement, 174 preijotency of other
pollen, 399
Lamium album, 391, 419
puriyureim, 419
Lathyrus odoratus, 153-160; mea157-1 GO
surements,
remarks
on expeiiments, 265 period of
flowering, 295 cross-fertilisation,
304 seeds, 316, 325 self-fertile,
367
grandiflorus, 155, 360
nissolia, 367
;

;

;

;

;

;

;

sylvestris, perforation of corolla,

432

Lawes and

Gilbert,

Messrs., con-

sumption of inorganic matter by
plants, 453
Laxton, Mr., crossing varieties of
peas, 163, 305
Lecoq, Cyclamen repandum, 215 on
;

Loasacae, 170
Lobelia eriuus, 176; secretion of
nectar in sunshine, 405 experi;

ments

423
179 measurements,

witii bees,

Lobelia f idgens,
180-182"; summary of experiments, 274; early flowering of
;

self-fertilised,

seeds, 323

;

294,

291,

295;

sterile unless visited

by humble-bees, 364
ramosa, 176

measurements,

;

early flowerhig of
177, 178;
seeds, 325
crossed, 293, 295
;

364
tenuior, 176

self-sterile,

on

Loiseleur-Deslongcliiimp,
grains of cereals, 354
Lotus cornicidatus, 361

Lubbock, Sir

the

J., cross-fertilisation

of flowers, 6; on Viola tricolor,
123; bees distinguishing colours,
373 instinct of bees and insects
sucking nectar, 418
;

Lupinus

luteus,

147

;

measurements,

2

I

;

;;
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148

;

MULLER.

early flowering of self-ferti-

29G self-fertile, 367
prepotency of other pollen, 399
Lupinus pilosus, 149
self-fertile,
lised, 294,

;

;

;

h67
Lychnis dioica, 413

Miner, Mr., red clover never sucked
by hive-bees in the United States,
361
Mirahilis, dwarfed plants raised by
using too few pollen-grains, 298 ;

number

of grains necessary for

fertilisation,

378

Mitchell, Dr., on first-cousins inter-

M.

Macnab, Mr., on the shorter or
longer stamens of rhododendrons,
298

marrying, 465
Monoclisetum emiferum, 364
Moore, Mr., on Cinerarias, 335
Midler,
Fritz,
on
Posoqueria
fragrans, 5, 393 experiments on
hybrid Abutilons and Bignonias^
large number
306;
of
305,
orchidaceous genera sterile in
their native home, also Bignonia
;

Mahonia aquifoUum, 396
repens, 396
Malvacex, 140

Marcgraviacese, 407

Marck, Dr., on seedlings from large
and small seeds, 355

and

]M asters, Mr., cross-fertilisation in
cabbages
Pisiim sativum, 161
affected by pollen at a distance,

californica,

;

379

404
Measurements, summary of, 241
Table B,
Table A, 240-243
244 Table C, 245-252
Medicago lupuUna, 368
Meehan, Mr., fertilising Petunia
violacea by night moth, 188
Melastomacex, 298
Melilotus officinalis, 360
Mercurialis annua, 421
JMiller, Professor, on chemical affinity, 461
;

:

;

Mimulus
10;

Tahernxmontana
;

ecliinata,

of Eschscholtzia
332, 342
Ahutilon

sterility

;

m

darwinii, 334;
self-fertilisation,

experiments
340 self-sterile
;

plants, 341
incapacity of pollentubes to penetrate the stigma,
342 ; cross-fertilisation by means
of birds, 371
imperfectly deve;

Dr. Maxwell, on honey-dew,

,

331

luteus, etfects of crossing,

and

crossed

self-fertilised

plants, 64-70 measurements, 7078 cross with adistinct stock, 7275 ; intercrossed on same plant,
75-78 ; summary of observations,
;

;

of experiments, 259-261
superiority of crossed plants, 286
simultaneous flowering, 294, 296
intercrossing, 301
of
effects
uniform colour of self-fertilised,
307; seeds, 315, 319, 322, 324;
highly self-fertile, 348, 369 prepotency of other pollen, 393, 399

78-81

;

;

;

;

roseus,

63

;

loped male and female Termites,
381 on ferns and ants, 406 foodbodies in Cecropia, 406; on the
glands on calyx of Malpighiacefe,
;

;

407
Miiller,

Hermann,

fertilisation

of

flowers by insects, 6, 7;
ou
Digitalis tmrpurea, 82; Calceolaria, 87 ; Linaria vulgaris, 88 ;

Verhascum

nigrum, 89;
the
cabbage, 98; Papaver
duhium, 107 Viola tricolor, 123,
structure of Delphinium
124
consolida, 129 of Lupinus luteus,
147 ; flowers of Pisum sativum,
on Sarothamnus scopa160, 161
rius not secreting nectar, 164 ;
Apium petroselinum, 172 Borago
officinalis, 185 red clover visited
by hive-bees in Germany, 361

common

;

;

;

;

;

;

insects rarely visiting

Fumaria

comparison of
lowland and alpine species, 376
structure of plants adapted to
cross and self- fertilisation, 381

officinalis,

366

;

;
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large conspicuous flowers more
frequently visited by insects than
small inconspicuous ones, 384;
Solanum generally unattractive

Nolana

Lamium album,
to insects, 389
390,391 on anemophilous plants,
401
fertilisation of Flantago,
secretion of nectar, 407
403
instinct of bees sucking nectar,
418; bees frequenting flowers of
the same species, 419; cause of
it,
powers of vision and
421
discrimination of bees, 425

self-fertile, 368
Nolanacex, 186
Nymphiea, 358, 365

ments,

187;

measure-

186;

and

cros.^ed

self-

fertilised plants, 277; number of
capsules and seeds, 321, 323

;

;

;

;

prostrata,

;

0.

;

Odours emitted by flowers attractive
I

Midler,

Dr.

j

Ogle,

calyx and
430
Rhinanthus alecterolophus bored by Bombus mastrucatus, 435
Munro, Mr., some species of Oncidium and Maxillaria sterile
with own pollen, 334
Myrtacex, 414

Erica

tetralix,

j

;

corolla of

I

;

;

and self-fertilisation, 345,
of pollen-grains

24
Petunia violacea, 188
Nectar regarded as an excretion, 403
Nemophila insignis, 1 82 measuremeuts, 183-185; early flowering
of crossed plant, 293
effects of
cross and self-fertilisation, 303;
seeds, 316, 323
Nepeta glechoma, 419
Nicotiana glutinosa, 210
tabaciim, 203
measurements,
205-208 cross with fresh stock,
measurements, 212-215;
210;
for

fertilisation,

;

;

;

;

i

|

,

of experiments, 266,
superiority of crossed
267, 279
plants, 288-290
early flowering,
293-295; seeds, 323, 325; experiuients on, 349; self-fertile,
;

;

368

ments, 95; early flowering
crossed plant, 292
etFects
intercrossing, 301
;

of
of

|

j

i

P.

i

!

Pajony,
i

i

;

summary

;

395
Ononis miiiutissiina, 167 measurements, 168; seeds, 323; selffertile, 367
Ophrijs apifera, 350, 369, 408, 442
muscifera, 385, 408
Oranges, spontaneous crossing, 395
Orchidex, 364, 369
excretion of
saccharine matter, 404
Orchis, fly, 408
Origanum vulgare, 94; measure-

346
necessary

;

Onion, prepotency of other pollen,

Nageli on odours attracting insects,
374; sexual relations, 411
Natural selection, etfect upon self-

Naudin on number

Dr.,

;

'

N.

sterility

374
on Digitalis purpurea,
82 Gesneria, 92 Fhaseolus mnltiflorus, 151. 360, 434; perforntion of corolla, 429
case of the
Monkshood, 431
Onagracex, 169
to insects,

H., hive-bees occasionally perforate the flower of

j
i

t

i

i

number

of

pollen -grains,

377
Papaveracex, 107
Papaver alpinum, 331, 358
argemonoides, 366
hracteatum, 108
dubium, 1 07
oriental e, 108
rha;as,

lo7

soinniferum, 108, 331, 365

vagum,

107

;

measurements,

;
;
,

;;;
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PAPILLAE.

109

PTERIS.

number

;

of capsules, 315
prepotency pf other

seeds, 358
pollen, 398
Papillae of the Viola tricolor
tractive to insects, 124:
;

at-

Parsley, 172
Passiflora alata, 330, 334
;

276;
365

;

323;

seeds,

self -fertile,

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

P]ia!^eolus vulgaris,

153;

self-fertile,

168, 367

;

;

seldom

summary

of

intercross,

experiments,

self-fertile,

169

;

264,

367

constigreater
Plants, crossed,
tutional vigour, 285
Plateau, M., on insects and artificial flowers, 374,

Pleroma, 364

;

lanceolata, Scirpus Jacustris,

and

Wistaria sinensis, 378 number
necessary for fertilisation, 378
transported from flower to flower,
379 prepotency, 393-401 aboriginally the sole attraction to inquantity produced by
sects, 403
;

;

;

;

anemophilous plants, 407
Polyanthus, prepotency over cowslip,

397-8

Polygonese, 228
Posoqueria fragrans, 5, 393
Potato, 389
Poterium sanguisorha, 410
Potts, heads of Anthornis melanura
covered with pollen, 371
Primrose, Chinese, 225
Primula elatior, 425, 430
grandijiora, 380
mollis,

368

380
362

officinalis,

scotica,

sinensis,

ments, 227

measure225, 279
early flowering of
;

;

crossed, 293, 296
veris i,var. officinalis), 219
measurements, 221 ; result of
experiments,
267,
268 ; early
seeds,
flowering of crossed, 293
;

Pisum sativum, 160 measurements,

278;

;

;

measure-

;

effects of inter143
almost self-sterile,
crossing, 301
359
Pentstemon argutus, perforated corolla, 429, 431, 436
measurePetunia violacea, 188
ments, 189-203 weight of seed,
196 cross with fresh stock, 196201 relative fertility, 201-203
colour, 203 summary of experiments, 265, 274 superiority of
crossed over self-fertilised, 289
early flowering, 293, 294 uniform
of self-fertilised, 309
colour
seeds, 316, 319, 323, 325; selfsterile, 362
Phalaris canariensis, 235 measurements, 236, 237 early flowering
of crossed, 293
Phaseolus coccineus, 150
multiflorus, 150; measurement,
152; partially sterile, 168, 360;
crossed and self-fertilised, 276
enrJy flowering of crossed, 293
seeds, 316 perforated by humblebees, 433, 438

ments,

;

324 sterile with their own,
330^338
semi -self-sterile, 338number of
loss of, 377
340
grains in Dandelion and Pseony,
377 in Lolium perenne, Plantago
len,

;

Passifloracex, 171, 357
Pea, common, 160, 351
Pelargonium zonale, 142

162

;

;

measurements,
171
crossed and self-fertilised

gracilis,

171

Polemoniacese, 182
Pollen, relative fertility of flowers
crossed from a distinct plant, or
with their own, 320 difference
of results in Nolana prostrata, 321
crossed and self-fertilised
323
plants,
again crossed from a
distinct plant and their own pol-

375

317; self-fertility, 351; prepotency of dark red polyanthus,
397-398
Primulacex, 215
Pringlea, 410
Proteacex of Australia, 415
Pruniis avium, 405
laurocerasiis, 405
Pteris aquilina, 405

;

;
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ScAdnom utro-purjmrm, 172; meaHurenients, 172, 173
Scarltt-runner, 150
Scott, J., Pajjaver somniferum, 108

R.

Radish, 395
lianunculaceoi, 128

llauunculus acris, 365
Haplianus sativus, 305, 395
Keiiike, nectar-secreting glands of
Primus avium, 405
measurements,
Reseda lutea, 117
118, 119; result of experiments,
339 self- fertile, 3G5
odorata, 119; measurements,
120-123 self-fertilised scarcely exceeded by crossed, 289 seeds, 31G

;

!

I

I

I

'

;

;

;

!

want of corresi)ondence between
seeds and vigour of ofispring,
328; result of experiments, 33li;
sterile and self-fertile, 358, 305
117
liheum rhaponticum, 403
Ehexia glandulosa, 304
Khododendron, spontaneous crossing, 390
Bhododcndron azaloides, 435
Rhubarb, 390, 403
Ribes aureum, 435
Riley, Mr., pollen carried by wind,
408 Yucca moth, 421
Rimpan, on the cross-fertilisation
of Rye, 341 on the self-fertility
of wheat, 370
Rudt>;ers, Mr., secretion of nectar in
Vanilla, 404
Rye, experiment on pollen of, 377
Jtesedaceas,

;

;

;

;

;

;

;

Verbascum, 330 Ouon
cidium and MuxUlaria, 331
small seeds of Fapaver, 355 on
Primula scoiica and Curtusa matthioli, 362
ScrophulariaceiB, 63
Seeds, size and germination of, 352.
SelagineUa, 413
Self-fertile varieties, appearance of,
347-351
Self-fertilisation, mechanical structure to check, 383
Self-sterile plants, r'.29-347; wide
distribution
throughout
the
diftervegetable kingdom, 341
sterility of

;

ence in plants, 342; cause of
affected by
self-sterility, 343
;

344-340
conditions,
necessity of differentiation in the
sexual elements, 317
Senecio cruentus, 335, 364

changed

heritieri, 3:^5

maderensis, 335
poimlifolius, 335
tussilaginis,

335

Sharp, Messrs., precautions against

396

intercrossinof,

Snow-flake, 176
Solanaceie, 188
Solanuin tuberosum, 362, 389
Specularia perfoliata, 174
speculum, 174 measurements,
175, 176; cro.-5Scd and self-fertilised, 276
early floweriog of
;

;

selfseeds, 323
369
Spencer, Herbert, chemical aflinitv,
462
Spiranthes autumnalis, 391, 424

crossed, 293

S

;

;

fertile,

Salvia coccinea, 93 measurements,
early flowering of- crossed,
93
;

;

292

322 partially
363
glutinosa, 430
Salvia grahami, 429, 431, 436
tenori, 362
Sarotliamnus scoparius, 163
measurenients, 165-167
superiority
of crossed seedlings, 285, 289
seedi, 323 self-sterile, 360
;

seeds, 315,

;

self-sterile,

;

;

;

;

Sprengtd,
flowers

feltili^auon of
Viola
5, 0
colours in 11> >\vers at-

K.,

C.

by

insects,

;

123
tract and guide
tricolor,

;

insects', 372-374
on Aristolochia, 419; Aeon it nm

napellus, 431

;

;

importance

or

sects in fertilisino: flowers, -160
StachijS coccinea, 430, 431, 430

in-

;;
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VAXDELLIA.

STELLARIA.
Stellaria media, 367
Strachey, General, perforated flowers
in the Himalaya, 436

V.

Strawberry, 396
Strelitzia fertilised

Vandellia nummularifolia, 90, 278
seeds, 315, 322
self-fertUe, 369

by the Nectarini-

dea3, 371
Structure of plants adapted to cross

and

self fertilisation,

;

Vanilla, secretion of nectar, 404
Verhascum lychnitis, 89, 341, 369
nigrum, 89, 330, 341
phosniceum, 330, 341, 364
thapsus,
89
measurements,

381

Mr., garden lupine not visited
by bees in New Zealand, 150

Svviile,

Sweet-pea, 153

;

90 self-fertile, 341, 369
Verlot on Convolvulus tricolor, 55
intercrossing of NemopMla, 183
of Leptosiphon, 394
Veronica agrestis, 369
;

T.

Tahernxmoniana echinata^ 331, 362
Tables of measurements of heights,

hedemefolia, 369
Vicia faba, 360, 405
liirsuta,

Termites,

I

Thyme, 421
Tinzmaun, on Solanum tuberosum,
362, 389
Tobacco, 203
Transmission of the good effects
of a cross to later generations,
303
Trees, separated sexes, 414
Trifolium arvense, 367, 386
incarnatum, 361
minus, 368
pratense, 361, 429, 438

procumhens, 3G8
repens, 361
Tropxolum minus, 144 ; measureearly flowering of
ments, 145
crossed, 293 seeds, 316, 323
tricolor, 430 ; seeds, 323
Tulips, 396
Typha, 377, 408
;

;

U.

369

cliamoedrys,

weights, and fertility of plants

240-270
developed
imperfectly
males and females, 382
Thunhergia alata, 96, 277, 331

;

I

[

I

367

sativa, 367, 405
Victoria regia, 365
Villarsia parnassifolia, 392

Vilmorin on transmitting character
to offspring, 456
Vinca major, 362
rosea, 362
Viola canina, 357
tricolor, ] 23
measurements,
126, 127
superiority of crossed
plants,
286,
289:
period of
flowering, 292, 296; effects of
cross-fertilisation,
304
seeds,
316, 325
partially sterile, 358
corolla removed, 423
Violacex, 123
Viscaria oculata, 130; measurement, 132
average height of
crossed and self-fertilised, 276
simultaneous
flowering,
295
seeds, 316, 323 self-fertile, 367
:

;

;

;

;

;

;

;

Wallace,

IVIr.,

the beaks and faces
covered

of brush-tongued lories

UmheUiferx, 172
Urban, Ig., fertilisation of Medicago
lupulina, 368

with pollen, 371

Wasps

attracted

folia,

376

by Epipactis

lati-
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INDEX.
WEIGHTS.

Weights, relative, of crossed and
self-fertilised plants, 244, 283;
and period of germination of
seeds, 852-355
Wilder, Mr., fertilisation of flowers
with their own pollen, 341
Wilson, A. J., superior vigour of
ciossed seedlings in Brassica
campestris ruta haga, 353; selffertility of wheat, 370; on size
of pollen-grains, 378
Wistaria sinensis, 378, 430.

Y.

Yucca moth, 421
Z.

Zea mays, 16, 233 measurements,
16-18, 234 difference of height
between crossed and self-fertilised,
early flowering of crohsed,
288
293 self-fertile, 3G9 prepotency
of other pollen, 399
;

;

;

;

;
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Jeremiah.

EKIEL.
( EZE]
VL ]dan
lEL.
(

The New Testament.

{Introduction.
18s.

ecclesiastes.
i^SoNG OF Solomon.
Isaiah.

(

20s.

Vol.

nicles, Ezra, Nehemiah,

Bible Commentary.
Vol.

Psalms.
Proverbs.

(
1

Joshua, Judges, Ruth,
Samuel, Kings, Chro-

Vols. II.

Job.

[

Vol. IV.

Leviticus.

Matthew.

4 YoLS. Medium 8vo.
/Romans, Corinthians,
Galatians, Philippians,

j

Mark.

Vol. IIL

]

28s.

I

Luke.

St. John.
Acts.

Vol. IV.
28s.

The

Mini
nor Prophets.

Student's

Edited by John M. Fuller,
completed in 6 Volume 3.) Vols.

Ephesians. Colossians,
Thessaloxians, Pasto-

l^RAL Epistles, Philemon.
Hebrews, St. James, St.
(
A Peter,
St. John, St.
(

JuDE, Revelation.

Edition

Abridged

and

M.A., Vicar of Bexley. (To be
I. to IV.
Crown Svo. 7s. 6d. each.

BIGG-WITHER

(T. P.). Pioneering- in South Brazil; Three Years
of Forest and Prairie Life in the Province of Parana. Map and Illustrations. 2 vols.
Crown 8vo. 24s.

BIRD

(Isabella). Hawaiian Archipelago; or Six Months among
the Palm Groves, Coral Reefs, and Volcanoes of the Sandwich Islands.
Illustrations.

Crown

Svo.

7s. 6d.

Unbeaten Tracks in Japan

:

Travels of a

Lady

in the

intorior, including Visits to the Aborigines of Yezo and the Shrines of
Illustrations. 2 Vols. Crown Svo. 2is.
Ise.

Nikko and
- Lady's

Life

Post Svo.

7s. 6c?.

CISSET

(Sir John).

in

the

Rocky Mountains.

Sport and

War

1867, with a Narrative of the
trations. Crown Svo. lis.

Illustrations.

in South Africa from 1834 to
lUus
of Edinburgh's Visit.

Duke

BLUNT

(Lady Anne). The Bedouins of the Euphrates Valley.
With some account of the Arabs and their Horses. Illustrations.
2 Vols.
Crown Svo. 24?.

A

Pilgrimage to Nejd, the Cradle of the Arab Race, and
Arab Emir. Illustrations. 2 Yols. Post

a Visit to the Court of the
Svo. 24s

-

PUBLISHED BY MR. MURRAY.
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BLUNT

(Rev. J. J.). Undesigned Coincidences in the Writings of
the Old and NewTestament8,an Argiiment of their Veracity. Post 8vo. 6s.

History of the Christian Church in the First Three
Post 8vo.

Centuries.

6s.

Parish Priest; His Duties, Acquirementp, and Obliga-

—

tions.

Post 8vo.

6s,

University Sermons.

Post 8vo.

Gs.

BOOK OF COMMON PRAYER.

Illustrated with Coloured
Borders. Initial Letters, and Woodcuts. Bvo. IBs.
(George). Bible in Spain; or the Journeys, Adventures,
and Imprisonments of an Englishman in an Attempt to circulate the
Scriptures in the Peninsula.
Post Bvo. 5s.
Gypsies of Spain ; their Manners, Customs, Religion, and Language.
With Portrait. Post Bvo. 5s.
Lavengro ; The Scholar The Gypsy and the Priest.
Post Bvo. 5s.
Romany Rye a Sequel to " Lavengro." Post 8vo. 5s.

BORROW

—

—

—

Wild Wales
Post Bvo.

:

People,

its

Language, and Scenery.

5s.

Romano Lavo-Lil ; Word-Book of the Romany, or
English Gypsy Language; with Specimens of their Poetry, and an
account of certain Gypsyries. Post Bvo. 10*. 6d.
BOSWBLL'S Life of Samuel Johnson, LL.D. Including the
Tour t) the Hebrides.
Seventh Mition.
Edited by Mr. Croker.
Portraits.

1vol.

Medium

BRACE

(C. L.).
Manual of
World. Post Bvo. 6s.

Bvo.

12s.

Ethnology; or the Races of the Old

BREWER

(Rev. J. S.). English Studies, or Essays on Engliwh
History and Literature. Bvo. lis. Contents
Sources of English Historv.
The Stuarts.
Green's Short History of the
Sbakspeare.
English People.
Study of IIistokv and English
Royal Supremacy.
History.
Hatfield House.
Ancient I^ondon.
:

New

|

I

'

BRITISH ASSOCIATION REPORTS.
York and Oxford, 1831-32,
Cambridge, 1833, 12s.
Edinburgh, 1834, 15s.
Dublin, 1836, 13s. 6d.
Bristol, 1836, 12s.
Liveqjool, 1837, 16s. 6d.
Newcastle, 1838, 15s.
Birmingham, 1839, 13s. dd.
Glasgow, 1840, 15s.
Plymouth, 1841, 13s. 6d.
Manchester, 1842, 10s, 6d.
Cork, 1843, 12s.
York, 1844, 20s.
Cambridge, 1845, 12s.
Southampton, 1846, 15s.

Oxford, 1847,

Swansea, 1848,

Birmingham,

Cambridge, 1862,

Birmingham,

Exeter, 1869. 22j.
Liverpool, 1S70, ISs.

Edinburgh, 1871, Kis.
Brighton, 1872, '2i-.
Bmdford, 1873, 25s.

9s.

Belfast, 1874, 255.
Bristol, 1875, 25s.

15s.

Glasgow. 1876. 'J:-.:.
Plymouth, 1877, 21s.

Ipswich, 1851, 16s. 6d.
Belfast, 1S52, 15s.

Glasgow, 1855, 15s.
Cheltenham, 1856,

IBs.

1865, 2cs,

Nottingham, 1866, 24s.
Dundee, 1867. 26s.
Norwich, 1868, 25s.

1849, 10s.

Hull, 1853, 10s. 6d.
Liverpool, 1854, 18s,

20s.

Newcastle, 1863, 25s.
Bath, 1864, IBs,

IBs.

Edinburgh, 1850,

8vo.
Dublin, 1857, 15s.
Leeds. 1B58, 20*.
Aberdeen, 1859, 15s.
Oxford, 1860, 25s.
Manchester, 1861, 15s.

13s. 6d.

'

Dut)lin, 1378. 2-ks.
ShelUeld, 1879, 24«.
Swansea, 1880, 24s,

LIST OP
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BRUGSCII

WORKS

A History of Egypt, under the
Derived entirely from Monumenfs, with a Memoir on the
Israelites.
New and revised Edition. Maps. 2 vols.

(Professor).

Pharaohs.

Exodus of the
8vo.

32s.

BUNBURY (E. H.). A History of Ancient Geography, among the
Greeks and Romans, from the Earliest Ages till the Fall of the
Empire. With Index and 20 Maps. 2 Vols. 8vo. 42s.

BURBIDGE

Roman

A

The Gardens of the Sun: or
Naturalist's
W.).
Journal on the Mountains and in the Forests and Swamps of Borneo and
the Sulu Archipelago. With Illustrations. CrowuSvo. 14s.
(F.

BURCKHARDT'S

Cicerone ; or Art Guide to Painting in Italy.
Translated from the German by Mrs. A. Olough. New Edition, revised
J. A. Crowe. PostSvo. 6s.
Dictionary of Naval and Military Technical
(Col.).
Terms, English and French French and English. Crown 8vo. 15s.
Lexilogus ;
a
Critical Examination
of the
Meaning of numerous Greek Words, chiefly in Homer and Hesiod.
By Rev. J. R. Fishlake. Bvo. 12s.

by

BURN

—

BU^TMANN'S

BUXTON

(Charles).

Bart.

Portrait.

of Sir Thomas Fowell Buxton,
Popular Edition, Fcap. 8vo. 5*.

Memoirs

Bvo.

16s.

(Sydney C). A Handbook to the Political Questions
6s.
of the Day with the Arguments on Either Side. Bvo.
BYLES (Sir John). Foundations of Religion in the Mind and

.

;

Heart of Man.

Post 8vo.

6s.

AND

WORKS :—
(Lord) LIFE
By Thomas Moore. Cabinet
Life, Letters, and Journals.
IBs. or One Volume, Portraits.
Edition. Plates. 6 Vols. Fcap. Bvo.

BYRON'S

;

Royal

Bvo., 7s. 6tZ.

Life and
2 vols.

Poetical

Royal Bvo.

Works.

Popular Edition.

Portraits.

15s.

Poetical Works.
Poetical Works.
Poetical Works.
Poetical Works.
Poetical Works.

Library Edition. Portrait. 6 Vols. 8vo. 45*.
Cabinet Edition. Plates. 10 Vols. 12mo. 305.
Pocket Ed. 8 Yols. 16mo. In a case. 21s.
Popular Edition. Plates. Royal 8vo. 7s. 6d.
Pearl Edition.
Crown Bvo. 2s. 6d.
With 80 Engravings. Crown 8vo. 12s.
Ciiilde Harold.
CiiiLDE Harold. 16mo. 2s. Qd.
Ciiilde Harold. Vignettes. 16mo. Is.
Portrait.
16mo. 6d.
Ciiilde Harold.
Tales and Poems. 16mo. 2s. 6d,
Miscellaneous. 2 Vols. 16mo. 5s,
Dramas and Plays. 2 Vols. 16mo. 5s.
Don Juan and Beppo. 2 Vols. 16mo. 5s.
Beauties. Poetry and Prose. Portrait. Fcap. Svo. Za.6d.
CAMPBELL (Lord). Life Based on his Autobiography, with
.

'

:

selections from Journals, and Correspondence.
Portrait, 2 Vols. Bvo. 30s.

Edited by Mrs. Hard-

castle.

Lord

Chancellors

and

Keepers

of

the

Great

Seal of England. From the Earliest Times to the Death of Lord Eldon
Crown Svo. 6s. each.
10 Vols.
in 1838.

—

.

Chief Justices of England. From the Norman
Death of Lord Tenterden. 4 Vols. Crown Bvo. 6s. each.
Essay on English Poetry.
(Thos.)
With Short
Lives of the British Poets. Post Bvo. 3s. 6d,
Conquest

to the

PUBLISHED BY MR. MURRAY.

CARNARVON

Portugal,

(Lord).
Post 8vo.

Provinces.

Sm. Hvo.

and

Gallicia,

Basque

the

3s. 6rf.

The Agamemnon

CARNOTA

7

from

Translated

:

^Eschylus.

6s.

oNDB

(C

Memoirs

da).

An

Teaching.

With

S'aresiuau.

bvo
32s.
Jesuits: their Comtitution

The

(W. C).

and

Soldier
2 Vols,

;

CARTWlilGHT

and Eventful Career

of the Life

of F.M. the Duke of Saldanha
Selections from his Correspondence.

Historical Sketch,

CAVALCASELLE'S WORKS.

8vo.

and

9s.

[See Crowe.]

CESNOLA

Tombs

and Tem(Gen.).
Cyprus; its Ancieiu Cities,
Ke.searches and Excavations duringTen Years' Residence in that
Island.
With 400 Illustrations. Medium 8vo. 50».

ples.

CHILD

(Chaplin). Benedicite ; or, Song of the Three Children
being Illustrations of the Power, Beneficence, and Design manifested
his Works.
Post 8vo. 6s,
(Mrs.).
Perils of the Polar Seas; True Stories of
Arctic Discovery and Adventure. Illustrations. Post 8vo. 6<.

by the Creator in

CHISHOLM

CHURTON

(Archdeacon).
Portrait.

Iniitati- ns.

Being Lectures

By Eminent
Post 8vo.

OLIVE S

CLODE

deliver' d

Divines.

7s. 6d.

7s. 6d.

ENGLISH CHURCH.

at

St.

James',

Westminster, in

With lutrcductiou by

J. E.

Kompe.

1877-8.
2 Vols.

each.

By Rev,

(Lord) Life.

Post 8vo.

G. R. Gleig.

Military Forces of the Crown
and Government. 2 Vols. Bvo. '21s. each.

(C. M.).

tion

and

Poetical Remains, Translations

Post 8vo.

PREACHERS OF THE

CLASSIC

;

3«. 6d.

their Administra-

Administration of Justice under Military and Martial
to the Army, Navy, Marine, and Auxiliary Forces.

Law, as applicable
Us.

8vo.

COLERIDGE'S (Samuel

Taylor) Table-Talk. Portrait. 12mo.

3s. 6d.

COLONIAL LIBRARY. [See Home and Colonial Library.]
COMPANIONS FOR THE DEVOUT LIFE. Lectures on
known Devotional Works.
Kenipe, M. A. Crown

J. E.

By Eminent
8vo.

De imitatione Chbisti.
pENsfiES OF Blaise Pascal.
S. FRANfoi.- DE Sales.
Baxter's Saints' Rest.

well-

With Preface by

Divines.

6s.

FiiNi^LON's ffiuvRES Spirituelles.

1

Andrkwes' Devotions.

Augustine's Confessions.
Taylor's Holy Living and Dying.

CiiKisTiAN Year.
Paradi.se Lost.
Pilgrim's Progress.

S.

Prayer Book.

Theologia Geumanica.

CONVOCATION PRAYER-BOOK. (See Prayer-Book.)
COOKE (E. W.). Leaves from my Sketch-Book. Being
tion from Sketth s
2 Vols.

50 Plates.

COOKER Y

Small

folio.

31s. >'d each.

(Modern Domestic). Founded on

and Practical Knowledge, and Adapted
Lady. Woodcuts. Fcap. 8vo. 6s.

CRAB BE

(Rev. George).

Royal 8vo,

CRIPPS

Life

&

Letters, &c.

Poetical Works.

its

New

:

and

Illufetrations.

Ecclesiastical, Decorative,
With a Comi lete Table of Date

Makers and Marks.
Edition. Wiih 70 Illustrations.

Old French Plate; Furnishing

Letters,

Principles of Economy
By a

for Private Families.

75.

(Wilfred). Old English Plafe

and Domestic,

—

a SelecWith Descripuve Text.

made during many Tours.

Facfcimiles of Other Marks.

W

J\Iedium 8vo.

bles of the Paris
i.ii

16s.

Da'e

illustrations. Bvo. Bs.Gd.

WORKS

LIST OF
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CROKER

W.).

(J.

18mo,

Geograpliy

Progressive

Hebrides.

Including the Tour to the

Seventh Edition.

Portraita.

8vo.

12s,

Historical Essay on the Guillotine.

CROWE

CAVALCASELLE.

AND

Painters.

—

«—

Children.

for

Is. Gd.

Boswell's Life of Johnson,

Woodcuts.

History

Post 8vo,

7s. 6 J.

or

;

Large Paper, 8 vo,

With

2 Vols.

Illustrations.

8vo.

15*.

2 vols.

8vo.

to

42s.

Life and Times of Titian, Tvith some
Family, chiefly from new and unpublished records.
Illustrations.

la.

Early Flemish

Painting in North Italy, from 14th

of

16th Century.

Fcap. 8vo.

Lives of the

Account of

his

With

and

Portrait

21s.

GUMMING

(R. Gordon).
Five Years of a Hunter's Life in the
Far Interior of South Africa. Woodcuts. Post 8vo. 6s.

CUN YNGH AME

(Sir A rthur). Travels in the Eastern Caucasus,
on the Caspian and Black Seas, in Daghestan and the Frontiers of
Persia and Turkey. Illustrations. 8vo. 18s.

CURTIUS'

(Professor) Student's Greek Grammar, for the Upper
Edited by Dr. "VVm. Smith.

Forms.

Post Svo.

—

Smaller Greek

Grammar

6s.

Grammar.

Elucidations of the above
Evelyn Abbot. Post Svo. 7s. 6d.

Translated by

for the Middle
12mo. 3s. Gd.

and Lower

Abridged from the larger work.

Forma.

Accidence of the Greek Language.
the above work.

12mo.

Extracted from

2s. 6J.

Principles of Greek Etymology. Translated by A. S.
WiLKiNS, M.A., and E. B. England. M.A. 2 vols. Svo. 15s, each.

The Greek Verb,

Structure and

its

Translated by A. S. Wilkins, M,A., and E.
Svo.

CURZON

Illustrations.

Post Svo.

M.A.

7s. Gd.

Warriors of the 17th Century—The Thirty Years'
16s. Civil Wars of France and England. 2 Vols. 16«.

War. 2 Vols.
Commanders of Fleets and Armies.

2 Vols.

Annals of the Wars
With Maps.

DAVY

Development.
England,

(Hon. Robert). Visits to the Monasteries of the Levant.

CUST (General).

—

B.

18s.

(Sir

9 Vols.

Post Svo.

5s.

18s.

—18th

&

19th Century.

each.

Humphry).

of a Philosopher.

Consolations in Travel; or, Last
Woodcuts. Fcap. Svo. 3s. 6c?.

Salmonia;
Fcap. Svo.

3s.

or,

Days

of

Fly

Fishing.

Days

Woodcuts.

Gd.

DE COSSON

(B. a.).
The Cradle of the Blue Nile ; a Journey
through Abyssinia and Soudan, and a Residence at the Court of King
John of Ethiopia. Map and Illustrations. 2 vols. PostSvo. 2Is.
(George). The Cities and Cemeteries of Etruria.

A

DENNIS

new

Edition, revised, recording all the latest Discoveries.
2 vols. Medium Svo.
42s.

With 20

Plans and 200 Illustrations.

DENT

Annals of Winchcombe and Sudeley.

(Emma).

and Woodcuts.
Iliad of
op).

Portraits, Plates

DERBY

(Earl

Blank Verse.

With

Portrait.

4to.

Homer

2 Vols.

With 120

42s.

rendered
Post 8vo.

into

10*.

English

PUBLISHED BY MR. MURRAY.

DARWIN'S

WORKS :—

(Charles)

a Voyage

Journal of a Naturalist during
WoBLD, Crown

9

8vo.

round the

9s.

Origin of Species by Means of Natural Selection;

or, the
Woodcuts.

Preservation of Favoured Races in the Struggle for Life.

Crown

8vo.

It. 6d.

Variation of Animals and Plants under Domestication
Woodcuts. 2 Vols. Crown 8vo.

Man, and

Descent of
Woodcuts,

Crown

8vo.

18s.

Selection

in

Relation to

Sex,

9s.

Expressions of the Emotions in
Illustrations. Crown 8vo.
Vin.

Man and

Animals.

With

Various Contrivances by which Orchids are Fertilizkd
BY

iNsr.CTS.

Crown

Woodcuts.

8vo.

9s,

Movements and Habits of Climbikg Plants.
Crown

8vo.

Woodcuts,

6j.

Crown

Woodcuts.

Insectivorous Plants.

8vo.

14*.

Effects of Cross and Self-fertilization in the Vegetable
Kingdom. Crown 8vo. 12s.

Flowers on Plants op the same

Different Forms op
Species.

Crown

8vo.

ICs. 6d.

Power of Movement in Plants. Woodcuts. Cr. 8vo. 15.*.
The Formation of Vegetable Mould through the Action of
Worms; with Observations on their Habits. Post 8vo. 9s.
Life of Erasmus Darwin.
With a Study of his Works by
Ernest Krause.

Portrait.

Crown 8vo.

7s. 6d.

Facts and Arguments for Darwin.
By Fritz
Translated by W. S. Dallas. Woodcuts. Post 8vo. 6s.

DERRY

Muller.

{Bishop of). Witness of the Psalms to Christ and ChrisThe Bampton Lectures for 1876. 8vo. 14s.

tianity.

DEUTSCH

Talmud, Islam, The Targums and other

(Emanuel).

Literary Remains.

With

a brief Memoir.

8vo.

12s.

DILKE

Papers of a Critic. Selected from the
(Sir C. W.).
Writings of the late Ciias. Wentworth Dilke. With a Biographical Sketch.

2 Vols.

8vo.

24s.

DOG-BREAKING. [See Hutchinson.]
DOUGLAS'S (Sir Howard) Theory and
sVo.

Plates.

Practice of Gunnery.

2 Is.

(Wm.) Horse-Shoeing; As ids, and As
Illustrations.

DRAKE'S
Land.

Post 8vo.

(Sir Francis) Life, Voyages,

By John Barbow.

DRINKWATER

(John).

it

Should be.

7s. 6c;.

Post 8vo.

and Exploits, by Sea and

2s.

History of the Siege of Gibraltar,

1779-1783. With a Description and Account of that Garrison from tie
Earliest Periods. Post 8vo. 2s.

DUCANGE'S

Mediaeval Latin-English Dictionary. Re-arranged

and Edited, in accordance with the modern Science of Philology, by Kev.
[In Preparation.
E. A. Dayman and J, II. IIesskls. Small 4to.

WORKS
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DU CHAILLU

(Paul B.). Land of the Midnight Sun; Summer
and Winter Journeys through Sweden, Norway, Lapland, and Nortl/ern

•

Finland, with Desciiptions of the Inner Liie of the Pe< pie, iheir
Manners and Customs, the Primitive Antiquiiies, &c., &c. With Map
and 235 Illustrations. 2 Vols. 8vo. 36s.
Equatorial Africa, with Accounts of the
lUusGorilla, the Nest-building Ape, Chimpanzee, Crocodile, &c.
8vo.

tratiens.

—

21s.

Journey to Ashango Land; and Further Pene-

tration into Equatorial Africa.

DUFFEKIN
Voyage
8vo.

8vo.

Illustrations.

21a.

Letters from High Latitudes; a Yacht
Iceland, Jan Mayen, and Spitzbergcn. Woodcuts. Tost

(Lord).
to

7s. 6d.

Speeches and Addresses, Political and Literary,
House of Lords, in Canada, and elsewhere. 8vo.
Bislory of the Royal Artillery.
(Major).
Com-

delivered in the

DUNCAN

piled from the Original Records,

2 Vols.

Portraits.

Svo.

18s.

of the War of SucCompiled from the Reports of the British Com-

English in Spain;

or.

cession, 1834-1840.
missioners. With Illustrations.

DUllER

The Story
Svo.

16s.

A

History of his Life and Works.
By Moeiz.
Thausing. Translated from the German. Edited by Frederick A
EA.TON, Secretary of the Royal Academy. \\ ith Portrait and Illustra-

(Albert)

tions.

;

2 vols.

Medium

8vo.

42s.

EASTLAKE

(Sir Charles).
Contributions to the Literature of
the Fine Arts. With Memoir of the Author, and Selections from hi3

By Lady Easti.akk. 2 Vols. 8vo. 24s.
H.).
Voyage up the River Amazon, including a
Post 8vo. 2s.
Visit to Para.
ELDON'S (Lord) Public and Private Life, with Selections from
his Diaries, &c. By Horace Twibs. Portrait. 2 Vols. Post 8vo. 21s
Correspondence.

EDWARDS
ELGIN

(W.

(Lord).

ELLESMERE

Letters

and

Journals.

With Preface by Dean

Walrond.

(Lord).

Two

Edited by Theodore
Svo. 14s.

of Vienna
Post 8vo. 2s

Sieges

Translated from the German.

ELLIS

Stanley.

by the Turks.

Madagascar Revisited.
The Persecutions and
(W.).
Heroic Sufferings of the Native Christians. Illustrations. Svo. 16s.
With his Character and
By His Son.
Memoir.
Work. By Rev. Henry Ai.lon, D.D. Portrait. 8vo. 10s. 6d.
(Robinson) Poems and Fragments of Catullus. 16mo. 55.

ELPHINSTONE

History of India—the
(Hon. Mountstuart).
Hindoo and Mahomedan Periods. Edited by Professor Cowell.
Map. Svo. 18s.
(H. W.). Patterns for Turning ; Comprising
Elliptical and other Figures cut on the Lathe without the use of any
Ornamental Chuck. With 70 Illustrations. Small 4to. 15s.
ELTON (Capt.) and H. B. COTTERILL. Adventures and
Discoveries Among the Lakes and Moiiiitains of Eastern and Central
Africa. With Map and lUustiations. Svo. 21s.
ENGLAND. [See Arthur, Croker, Hume, Markham, Smith,
and Stanhope.]

ESSAYS ON CATHEDRALS.
By Dean Howson.

Svo.

Edited, with

an Introduction.

12s.

FERGUSSON

(James). History of Architecture in all Countries
from the Earliest Times. With 1.600 Illustrations. 4 Vols. Medium Svo.
1. & II. Ancient and Mediaeval,
(ids.

IIL Indian

& Eastern.

425.

IV. Modern. dU.Qd.
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(James). Rude Stone Monuments in all Countries;
Age aud Uses. With 230 Illustrations. Medium 8vo. 2l«.
Holy Sepulchre and the Temple at Jerusalem.

FEllGUSSON
their

8vo.

Woodcuts.

7s. 6d.

Jews and other buildings in
Area at Jeiusahnn. With Illustrations. 4to. 42.y.
FLEMING (Professor). Student's Maaual of Moral Philosophy.
With Quotations and References. Post 8vo. 7s. 6>i.
GARDEN. By Rev. Thos. Jambs. Fcap. 8vo. Is.

Temples of the

'

the Harain

FLOWER
FORBES

Burma and its People; Native
British
(Capt.)
Manners, Customs, and Kelifjion. Cr. 8vo. K's. 6d.
Electricity and its applications, as illustrated
(George).

by the Paris Exhibition
from the

'

FORD (Richard).
FORSTER (John).
With

FORSYTH
Office

Iteprinted, witli additions,
[In the Preia

of Electricity, 1881.

Post 8vo.

Times.'

Post 8vo.

Gatherings from Spain.

The Early
8vo.

Portrait.

Life of

Jonathan Swift.

3 v. 6d.

16G7-1711.

155.

Hortensius; an Historical Essay on the

(William).

and Duties of an Advocate.

8vo.

Illustrations.

and Novelists

7s. 6d.

the 18th Century, in
Ilhistration of the Manners and Jlorals of the Age. Post 8vo. 10s. M.
(History op). [See Jerms— Markham
Smith Students'— Tocqueville.]

Novels

of

—

FRANCE

—

FRENCH IN ALGIERS;

The Soldier of the Foreign Legion—
and the Prisoners of Abd-el-Kadir. Translated by Lady Duff Gobdon,
Post 8vo.

FRERE

2s.

(Sir Bartle).

Indian Missions. Small 8vo. 2s. 6d.
Eastern Africa as a Field for Missionary Labour.
With

Map.

Crov/n 8vo.

53.

Famine.

Bengal

How

be

it will

Met and How

to

Prevent Future Famines in India. With Maps. Crown Svo.
5s.
(M.).
Old Deccan Days, or Hindoo Fairy Legends
current in Southern India, with Introduction by Sir Bartle Fbere.
With 50 Illustrations. Post 8vo. 7s. 6cl.

GALTON

(F.).
Art of Travel ; or, Hints on the Shifts and Contrivances available in Wild Countries.
Woodcuts. Post Svo; 7s. 6d.

GEOGRAPHY.

[See

— Stuuents'.J

Bunbdry

— Croker — Richardson — Smith

GEOGRAPHICAL SOCIETY'S JOURNAL. {Published Yearly
GEORGE (Ernest). The Mosel a Series of Twenty Etchings, with

)

;

Descriptive Letterpress.

Loire and

Imperial 4to.

GERMANY
GIBBON

(History

42s.

South of France

Etchings, with Descriptive Text.
of).

Folio.

;

a

Series of

Twenty

42s.

[See Makkham.]

History of the Decline and Fall of the
Pvoman Empire.
Edited by Milm.vn, Guizot, and Dr. Wm. Smith.
Maps. 8 Vols. 8vo. 60s.

(Edward).

The Student's Edition

;

an Epitome

of the

work, incorporatinf? the Researches of Recent Commentators.
Wm. Smitu. Woodcuts. Post Svo. 7s. 6d.

OIFFARD

(Edward).

the British Navy.

Deeds of
Fcap. 8vo.

Naval Daring
3s. 6^.

;

or,

above
By Dr.

Anecdotes of

LIST OP
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GILL

WORKS

The Eiver of Golden Sand. Narrative
China to Burmah. With a Preface by Col. H.
Maps and Illustrationa. 2 Vols. 8vo. 305.
Six Months in Ascension. An Unscientific Ac(Mrs.).
count of a Scientific Expedition. Map. Crown 8vo. 9s.
GLADSTONE (W. E.). Kome and the Ne^vest Fashions in
(Capt. Wm),

of a Journey through

Yule, C.B.

Three Tracts.

Religion.

Svo,

7s. 6d.

Gleanings of Past Years, 1843-78. 7 vols. Small
6'/. each.
I. The Throne, the Prince Contort, the Cabinet and

8vo. 2s.
Constitution.

and Literary. III. Historical and SpecuV. and VI. Ecclesiastical. VII. Miscellaneous.

II. Personal:

IV. Foreign.

lative.

Campaigns of the British
(G. R.).
New Orleans. Post Svo. 2s.
Story of the Battle of Waterloo.

GLEIG

Army

at

Washington

and

Post Svo.

35. 6d.

Narrative of Sale's Brigade in Aflfghanistan. Post 8vo. 2s.
Post Svo. 3s. 6d.
Life of Lord Olive.
Sir Thomas Munro.
Post Svo. 3s. 6d.
(Sir Stephen R.).
Notes on the Churches of Kent:
With Preface by W. H. Gladstone, M.P. Illustrations. Svo. 12s.
GOLDSMITH'S (Oliver) Works. Edited with Notes by Peter
Cunningham. Vignettes. 4 Vols. Svo. 30s.
(Sir Wm. M.), Commander-in-Chief in India, Constable
of the Tower, and Colonel of the Coldstream Guards. His Letters and
Journals.
1793 to IS15. Edited by F. C. Carr Gomm. With Portrait.

GLYNNE

GOMM

Svo.

12s.

GORDON

Sketches of German Life, and Scenes

(Sir Alex.).

from the

War of Liberation.

Post Svo.

craft.

Post Svo.

3s. 6d.

Duff) Amber- Witch

(Lady

A

:

Trial

for

Witch-

2s.

in Algiers.
1. The Soldier of the Foreign
The Prisoners of Abd-el-Kadir. Post Svo. 2s.
GRAMMARS. [See Curtius Hall; nuTTON;'KiNQ Edward;
Leathes; Maetzner; Matthi.e; Smith.]
GREECE (History of). [See Grote— Smith Students'.]

French

Legion.

2.

;

—

GROTE'S

(George)

WORKS :—

History op Greece.

From

the Earliest Times to the close

of the generation contemporary with the Death of Alexander the Great.
Library Edition. Portrait, Maps, and Plans. 10 Vols. Svo. 1203.
Cabinet Edition.
Portrait and Plans. 12 Vols. Post Svo. 6s. each.

Plato, and other Companions of Socrates. 3 Yols. 8vo. 455.
Aristotle. With additional Essays. Svo. IBs'.

Minor Works.

Portrait.

Sro.

14s.

Letters on Switzerland in 1847. 6-5.
Personal Life. Portrait. Svo. 12.s.
GROTE (Mrs.). A Sketch. By Lady Eastlakr.

HALL'S

(T.

D.)

School

Copious Exercises.

Manual
tions

—

Manual

12mo.

of English

Crown Svo. es.
Grammar. With

3s. Gd.

of English Composition.

and Practical E.zeroises.

12rao.

With Copious

Illustra-

3s. 6d.

Primary English Grammar for Elementary Schools.
Based on the larger work. 16mo. Is.
Child's First Latin Book, comprising a full Practice of
Nouns, Pronouns, and Adjectives, with the Active Verbs. 16ino.

PUBLISHED BY MR. MURRAY.
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IIALLAM'S (Henry) WORKS :—
The Constitutional History op England, from

'the Accession of Henry the Seventh to the Death of George the Second.
lAhrnry
Edition, 3 Vols. 8vo. 30«.
Calincl Edition, 3 Vol3. Post 8vo. 12«. HtudenCs Edition, Post 8vo. It. 6d.

History

Europe durino tub Middle Ages.

op

Edition, 3 Vols. 8vo. 30s. Cuhinet
Student's Edilimi, Post 8vo. 7s. C(/.

Library

Post 8vo. 12«.

Edition, 3 Vols.

Literary History op Europe during tub 15Tn, 16Tn, and
17th Centuries. Library Edition, 3 Vols. Svo.
4 Vols. Post Svo. Ids.
'

(Arthur) Literary Remains;

•

Fcap. 8vo.

Portrait.

HAMILTON

3s.

Cabinet Edition,

86«.

in Verse 'and Prose.

Qd.

Memorials of Frederick the
2 Vols. Crown Svo, 21s.
{Published Quarterly and Annually.)

(Andrew). Rheinsbcrg

:

Great and Prince Henry of Prussia.

HART'S

ARMY

LIST.

HATCH

The Moral Philosophy of Aristotle, con(W. M.).
sisting of a translation of the Nichomachean Ethics, and of the Paraphrase attributed to Andronicus, with an Introductory Analysis of each
book.

Svo.

KATHERLEY

18s.

The Continuity of Scripture,

(Lord).

as Declared

by the Testimony of our Lord and of the Evangelists and Apostles.
8vo. 6s. Fopular Edition. Post Svo. 25. 6rf.

HAY

V/estern Barbary^
(Sir J. H. Drummond).
and Savage Animals. Post 8vo. 2s.

its

"Wild Tribes

HAYWARD

Sketches of Eminent Statesmen and Writers,
(A.).
with other Essays. Reprinted from the "Quarterly Review." Contents:
Thiers, Bismarck, Cavour, Mettcrnich, Montalembert, Melbourne,
Welleslcy, Byron and Tennyson, Venice, St. Simon, Sevigud, Da
Deffand, Holland House, Strawberry Hill. 2 Vols. Svo. 28*.

HEAD'S

(Sir Erancis)

WORKS :—

Tns Royal Engineer.

Svo. 12^.

Illustrations.

Post Svo. 1*.
Life op Sir. John Burgoyne.
Rapid Journeys across the Pampas., Post Svo. 2s.
Bubbles from the Brunnen op Nassau. Illustrations.
8vo.

Stokers and Pokers
Railway.

HEBER'S

Post

7s. Qd.

Post Svo.

;

or,

the

London and North Western

2s.

(Bishop) Journals in India.
Poetical Works.

Hymns

HERODOTUS.

Portrait.

2 Vols.
Fcap. Svo.

adapted to the Church Service.

A New

Post Svo.

7«.

Za. 6d,

16mo.

Is.

6d,

Edited, with Notes
and Essays, Historical, Ethnographical, and Geographical, by Canom
Rawlinson, Sib H. Rawlinson and Sib J. G. Wilkinson. Maps and

"Woodcuts.

4 Vols.

English Version.

Svo.

48s.

HERRIES

(Rt, Hon. John).
Memoir of his Public Life during
the Reigns of George III. and IV., William IV., and Queen Victoria.
Founded on his Letters and other Unpublished Documents. By his
son, Edward Herries, C.B. 2 vols. Svo. 24s.

HERSCHEL'S

(Caroline)

Mas. J oux Uerschbl.

Memoir and
With

Portraits,

Correspondence.
Crown Svo. 7s, 6d.

By
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FOREIGN HANDBOOKS.

.

HAND-BOOK— TRAVEL-TALK.
ISrao.

Italian.

'

English, French, German, and

3s. 6d.

HOLLAND AND BELGIUM. Map and Plans.
Post 8vo.
6s.
NORTH GERMANY and THE RHINE,—
The Black
l{iij<en,

tlie

Forest, the Hartz,. Thuringerwald, Saxon Switzerland,
Giant Mountains, Taunus, Odeuwald, Elass, and Loth-

Map and

ringen.

Post 8vo.

Plans.

10s.

GERMANY, — Wurtemburg,

SOUTH

Bavaria,

Austria, Styria, Salzburg, tbe Alps, Tyrol, Hungary, and the Danube,
from Ulm to the Black Sea. Maps and Plans. Post 8vo. 10s.

PAINTING. German,
Illustrations. 2 Vols.

LIVES
Painters.

—

In

Two

Post Bvo.

Flemish, and Dutch Schools.

24s.

AND WOKKS OF EARLY FLEMISH
Post Bvo.

Illustrations.

SWITZERLAND,

7s. 6d.

Alps of Savoy, and Piedmont.

Maps and Plans. Post Bvo. 10s.
Part I. Normandy, Brittany, the French
Maps and Plans.

Parts.

FRANCE,

Alps, the Loire, Seine, Garonne, and Pyrenees.
Post 8vo. 7s. 6d.

Part

Central France, Auvergne, the

II.

Cevennes, Burgundy, the Rhone and Saone, Provence, Nimes, Aries,
Marseilles, the French Alps, Alsace, Lorraine, Champagne, &c. Maps
and Plans. Post Bvo. 7s. 6d.
its Principal Islands, Cities,
Seaports, Harbours, and Border Lands. For travellers and yachtsmen,
with nearly 50 Maps and Plans. Post 8vo. 20s.
TUNIS. Algiers, Constantine,
Of an, the Atlas Range. Maps and Plans. Post 8vo. 10s.
PARIS, and its Environs. Maps and Plans. 16mo.

MEDITERRANEAN—

ALGERIA AND

3s. 6d.

SPAIN, Madrid, The Castiles, The Basque Provinces,
Leon, The Asturias, Galicia, Estremadura, Andalusia, Ronda, Granada,
Murcia, Valencia, Catalonia, Aragon, Navarre, The Balearic Islands,
&c. &c. Maps and Plans. Post Bvo. 20s.

PORTUGAL,
Map and

Plan.

Lisbon,

Post Bvo.

Porto,

Cintra,

Mafra, &c.

12s.

NORTH ITALY,

Turin,

Milan, Cremona,

the

Italian Lakes, Bergamo, Brescia, Verona, Mantua, Vicenza, Padua,
Ferrara, Bologna, Kavenn.a, Rimini, Piacenza, Genoa, the Riviera,
Venice, Parma, Modena, and Romagna. Maps and Plans. PostSvo. IDs.

CENTRAL ITALY,

Florence, Lucca, Tuscany, The
Maps and Plans. Post Bvo. 10«.
With 50 Maps and
AND ITS Environs,

Marches, Umbria, &c.

ROME
Plans.

Post 8vo.

10s.

SOUTH ITALY,
and Vesuvius.

Maps and

PAINTING.
2 Vols.

Post 8vo.

Plans.

The

Naples, Pompeii, Herculaneum,
Post 8vo. 10s.
Italian Schools.

Illustrations.

30s.

LIVES OF ITALIAN PAINTERS, from Cimabue
to

Bassano.

By Mrs. Jameson.

NORWAY,
Fjelds and Fjords.

Portraits.

Post Bvo.

12s.

Christiania, Bergen, Trondhjem.
Maps and Plans. Post 8vo. 9s.

SWEDEN,
Shores of the Baltic, &?.

The

Stockholm, Upsala, Gothenburg, the
Maps and Plan. Post 8vo. 6*.

PUBLISHED BY MR. MURRAY.

HAND-BOOK— DENMARK,
land, Icelan

Maps and

l.

RUSSIA,

15

Sleswig, Holatein, Copenhagen, JutPoHtSvo. 65.

Plans.

,

PETERSBURa, Moscow, Poland, and

St.

Post 8vo.
18s.
Finland. Maps
GREKCE, the Ionian Lslauds, Continental Greece,
Atliens, the Peloponnesus, the Islands of the yl^ijean Sua. Albania,
Post 8vo.
Thehsaly, and Miicedcnia. Maps, Plans, and Vinws

and Plans.

T-

TUKKEY

ASIA— CoNSTANTiNuPLK,

IN

the

Boa-

phonis, Dardanelles, Brous>i, Plain of Troy, Crefe. (Cyprus, .Smyina,
Epliesns, the Seven ('hnichPH, Coasts of the Hiack Sea, Armenia,
Eupni atts Valley, lionic to India, ^<iC. Maps and Plans. Post Svo. 15s.

EGYPT,

including De.scriptions of the Coiir.se of
the Nile through E<<ypt and Nubia, Alexandria, Cairo, and Tixibes, the
Suez Canal, the Pyramids, the Peninsula of Sinai, the Oases, the
Fyoom, &c. In Two Parts. Maps and Plans. Post Svo. 15s.

HOLY LAND —

Sinai,

Syria, Palestine, Peninsula of
Edom, Syrian Deserts, Poira, Damascus and Palmyra. Maps
;

and Plans.
case.

Post Svo.

*** Travelling

20s.

Map

of Palestine.

In a

12s.

INDIA.
Bombay,

15s.

Part

Maps and
11;

Madras,

15s.

Plans.
Post Svo.
Part III. Bengai..

Parti.

ENGLISH HAND-BOOKS.
HAND-BOOK— ENGLAND AND WALES. An
land-Book.

Condensed

With a Map.

Post Svo.

I

into
10s.

One Volume

33. Gi.

MODERN LONDON. Maps and
ENVIRONS OF LONDON within

mile-J.

2 Vols.

•

Crown

Svo."

Plana.

16mo.

a circuit of 20

21s.

CATHEDRAL.

ST. PAUL'S
Crown Svo 10.?. 6d.

Alphabetica

Use of Travellers.

for the

20

Illustrations.

EASTERN COUNTIES,
chester,

Chelmsford, Harwich, ColMaldon, Cambridge, Ely, Newmarket, Bury St. Edmunds,

Ipswich, Woodbridge, Felixstowe, Lowestoft,
Cromer, &c. Map and Plans. Post Svo, 12s

CATHEDR.VLS
Ely, and Lincoln.
.

.

With

Norwich, Yarmouth,

of Oxford, Peterborough, Norwich,

90 Illustrations.

Crown

Svo.

21s.

KENT,

Canterbury, Dover, Rampgate, Sheerness,
Maps and Plans. Post Svo. 7s. Gd,
Rochester. Chatham, Woolwich.
SUSSEX, Brighton. Cliichester, Worthing, Hastings,
Lewes, Arundel, &c.

Mtj^s and Plans.

Post Svo.

SURREY AND HANTS,

6s.

Kingston, Croydon, Rei-

gate, Guildford, Dorking, Boxhill, Winchester, Southampton, New
Forest, Portsmouth, Isle of Wight, &c. Maps and Plans, Post Svo.
IDs.

BERKS, BUCKS,

AND OXON,

Windsor, Eton,

Reading, Ayle.sbury, Uxbridge, Wycombe, Henley, the City and University of Oxford, Blenheim, and the Descent of the Thames. Maps
and Plans. Post Svo.

WILTS, DORSET,

AND SOMERSET,

Chippenham, Weymouth, Sherborne, Wells, Bath,
&c. Map. Post Svo. 10s.

DEVON,

Exeter,

Ilfracombe,

Salisbury,
Taunton,

Bristol,

Sidmouth,
Maps and Plans,

Linton,

Dawlish, Teignmoulh, Plymouth, Devonport, Torquay.
Post Svo. 7s. 6(1.

WORKS

LIST OF
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HAND-BOOK— CORNWALL,
.

Launceston, Penzance, Falmouth
Maps.

the Lizard, Laud'a fend, &c.

Post 8vo.

6«.

CATHEDRALS

of Winchester, Salisbury, Exeter
Wells, Chichester, Rochester, Canterbury, and St, Albans.
With 130
2 Vols. Cr. 8vo. 36s.
St. Albans separately, or. 8yo.
Illustrations.

GLOUCESTER, HEREFORD, and WORCESTER,
Ciie-ncester, Cheltenham, Stroud, Tewkesbury, Leominster, Ross, Malvern, Kidderminster, Dudley, Bromsgrove, Evesham. Map. PostSvo.

CATHEDRALS

of Bristol,

With

Worcester, and Lichfield.

NORTH WALES,
_

Hereford,

Bvo.

IBs.

Idris,

Conway, &c.

Map.

Post

7s.

SOUTH

WALES, Monmouth, Llandaff, Merthyr,
Valeof Neath, Pembroke, Carmarthen, Tenby, Swansea, The Wye, «S;c.
Map. Post 8vo. 7s.

CATHEDRALS
and

OF BANGOR,

With

St. David's.

— NORTHAMPTONSHIRE

Llandafif,

—

Crown

Bangor, Carnarvon, Beaumaris,

Snowdon, Llanberis^ Dolgelly, Cader
8vo.

Gloucester,

50 Illustrations.

ST.

Post 8vo.

Illustrations.

AND

ASAPH,
15s.

RUTLAND—

Northampton, Peterborough, Towcester, Daventry, Market Harborough, Kettering, Wallingborougb, Thrapston, Stamford, Uppiogham, Oakham. Maps. Post 8vo. 7s. 6d.

DERBY, NOTTS, LEICESTER,
Matlock, Bakewell, Chatsworth,

STAFFORD,

The Peak, Buxton, Hardwick, Dove

Dale, Ashborne, Southwell, Mansfield, Retford, Burton, Belvoir, Melton
Mowbray, Wolverhampton, Lichfield, Walsall, Tamworth.
Map.
Post 8vo. 9s.

SHROPSHIRE

AND

CHESHIRE,

Bridgnorth, Oswestry, Chester, Crewe,
Birkenhead. -Maps and Plans. Post 8vo. 6s.

low,

LANCASHIRE,

Warrington,

Shrewsbury, LudAlderley,

Bury,

Stockport,

Manchester,

Liverpool, Burnley, Clitheroe, Bolton, Blackburn, WigaE, Preston,
Rochdale, Lancaster, Southport, Blackpool, &c.
Maps and Plans.
Post 8vo. 78. ed.

YORKSHIRE,

Doncaster, Hull,

Selby,

Beverley,

Scarborough, Whitby, Harrogate, Ripon, Leeds, Wakefield, Bradford,
Halifax, Huddersfield, Sheffield. Map and Plans. Post 8vo. 12s.

CATHEDRALS
Chester, and Manchester.

DURHAM

of York, Ripon,

With

AND

60 Illustrations,

Durham, Carlisle,
2 Vols. Cr. 8vo. 21s.

NORTHUMBERLAND,

New-

Darlington, Gateshead, Bishop Auckland, Stockton, Hartlepool,
Sunderland, Shields, Berwick-on-Tweed, Morpeth, Tynemouth, Coldstream, Alnwick, &c. Map. Post 8vo. 9s.
castle,

WESTMORLAND

and

CUMBERLAND—Lan-

Furness Abbey, Ambleside, Kendal, Windermere, Coniston,
Keswick, Grasmere, Ulswater, Carlisle, Cockermoutb, Penrith, Appleby,
Map. Post 8vo.
** Mubbay's Map op the Lake District, on canvas. 3s. 6d.
caster,

SCOTLAND, Edinburgh, Melrose, Kelso, Glasgow,
Dumfries, Ayr, Stirling, An-an, The Clyde, Oban, Inverary, Loch
Lomond, Loch Katrine and Trossachs, Caledonian Canal, Inverness,
Perth, Dundee, Aberdeen, Braemar, Skye, Caithness, Ross, Sutherland, «S:c. Maps and Plans. Post 8vo. 9^.
IRELAND, Dublin, Belfast, the Giant's Causeway, Donegal, Galway, Wexford, Cork, Limerick, Waterford, Killarney, Bantry, Glenganff, &c, Maps and Plans, Post 8vo. 10*.

—

PUBLISHKD BY MR. MURRAY.

HOME AND COLONIAL
adapted

and

for all circles

LIBRARY.
chiHSiis of

2.

A.

I

John Dkinkwatkb. 2s.
THE AMBER -W4TCII.
Laut Dukk Gobdon. 2s.

CROMWELL AND

4.

LIFE OK

Sir

By Lord

!

By

12.

13.

2s.

FRANCIS DRAKE.

By JouN Bakrow.

CAMPAIGNS AT WASHING-

6.

THE FRENCH

THE BATTLE (»K WATERLOO.
AUTOBIOGRAPHY OF STEF-

16.

THE BRITLSH POETS.

FENS.

HON.
10.

3s.

17.

15.

G.K. GLKia.

HISTORICAL

3s.

By Rev.

20.

By

CLASS

Sir F. B.

RAIL-

Head.

LIFE OF MUNRO. By Rev.
K. Gleiq.

2s.

By

3s. Gd.

WESTERN

-

By

6<Z.

LIFE OF LORD CLIVE.

NORTH
WAY.

By

3s. 6i.

ESSAYS.

Rev. G. R. Gleio.
19.

3x.6ct.

2.S.

Lord Mahon.

6ul.

SALE'S BRIGADE.

R. Gi-Eio.

Thomas Campkkll.

LIVONIAN TALES. 2s.
LIFE OF CONDfi. By Lord Ma-

By

S K ETC 1 1 ES OK G E R M A N LI F E.
By Sir A. Gordon. 3s. &d.

By Rkv. G.

TUN. By Rev.G. R.Gleio. 2*.
IN ALGIERS.
By Laoy Dufk Gordon. 2s.
THE FALL OF THE JESUITS.

2s.

CROSS.
2s.

16.

2s.

9.

Milman.

14.

2*.

6.

Eiii.KSMKRK.

THE WAYSIDE
Cai'T.

BUj^YAN.

By ROUKRT SOI'THEY.

8.

of Worka
been Sflected

HISTORY, BIOGRAPHY, AND HISTORIC TALES.
SIEGES OF VIENNA.
11. THE
SIEGB OF GIHRALTAU. By

3.

7.

vvint;

li

3*. 6d. eacli,

CLASS

1.

Series

KcMdHrs,

and ahility of tlie Auliiorn. l'ont 8vo.
and arranged under two dlBtinctive

for their ackiiowle'lued inierest,

Published at '2.9. and
heads as fbllows :

A

17

2*

O.

3s. 6d.

B.

1.

VOYAGES, TRAVELS, AND ADVENTURES.
BIBLE IN SPAIN. By George
16. LETTEKS FROM MADRAS. By

2.

GYPSIES OF SPAIN. By George

Borrow.

a Lady.

3s. 6^.

Borrow.

Bishop Heher.

2 Vols.

6.

MOROCCO AND THE MOORS.

the HOLY LAND.
By iRBv and Mangles. 2s.

7.

8.

in

Drummond Hay. 2s.
LETTERS FROM the BALTIC.
By a Lady.
Meredith.

9.

THE WEST
Lewis.

10
11.

John Malcolm.

3s.

MEMOIRS OF F ATHER

14.

W.

By

2«.

21.

ADVENTURES

23.

24.

Each work ma

H. EDWARDb.

3,*. i\d.

MANNERS & CUSTOMS OF

13.

'**

By Sia

2s.

20.

RIPA.

TYPEE AND OMOO. By
Hermann Melville. 2 Vols. 7s.
MISSIONARY LIFE IN CANADA. By Kbv. J. ABBorr. 2s.

&

Head

By Richard Ford.

By

M.

2s.

12

THE KIVER AMAZON.

22.

SKETCHES OF PERSIA.
Sir

19.

INDIES. ByM.G.

'2s.

By

6d

PAMPAS JOURNEYS.

WALES."By Mrs.

2s.

3s.

GATHERIN(5S FROM SPAIN.

J.

NEW SOUTH

SPORTS.
John

17.

F. B.

TRAVELS

St.

IB

7s.

6.

2s.

HIGHLAND
CnARLEs

3&4. JOURNALS IN INDIA. By

By

16.

3s. Gd.

25.

INDIA. By Rev.C.Aoland. 2».
IN MEXICO.
By G. F. RuxTON. Ss. Qd.
PORTUGAL AND G ALICIA.
By Lord Carnakvon. 3« 6d.
BUSH LIKE IN AUSTRALIA.
By Key. H. W. Hayoarth 2«.
THE LIBYAN DESERT. by
Baylk St. John, 2s.

SIERRA LEONE.
3$. 6d.

be had seimrately.

By A Lady.

OK WORKS

LlSr

IS

A Month in Norway,
By Rev. Thomas Jambs.

HOLLWAY(J.

Fcap. 8vo.

G.).

HONEY BEE.
HOOK (Dean).

Fcap. 8vo.

2a.

Is.}

Church Dictionary.
8vo. 16*.
Fcap. Svo.
J. G. Lookhart.
Is.
Beresford). Worship in the Church of England.
.

(Theodore) Life. By

HOPE

(A. J.
8vo,

HORACE

9s., or,

Popular

Select ions from.

Svo.

2s. 6cZ.

New

Edition of the Text. Edited by Dean Milman.
With 10& Woodcuts. Crow Svo. 7a. 6d.
HOUGHTON'S (Lord) Monographs, Personal and Social. With
Portraits. Crown Svo. 10s. 6d.
Poetical Works. Collected Edition. With For*
a

;

2 Vols.

trait.

Fcap. Svo.

12s.

HOUSTOUN

(Mrs.).
Twenty Years in the
or Life in Connanght.
Post Svo. ds.

HUME

A

(The Student's).

Wild West of Ireland,

History of England, from the Inva-

sion of Julius Caesar to the Revolution of 1688. New Edition, revised,
corrected, and con tinned to the Treaty of Berlin, 1878.
By J. S.
Bkeweb, M.A. With 7 Coloured Maps ife 70 Woodcuts. Post Svo. 7a. 6cf.

HUTCHINSON
tliose

Dog Breaking, with Odds and Ends for
(Gen.).
w ho love the Dog and the Gun. With 40 Illustrations. Crown

Svo.

7s. 6d.

HUTTON

(H.

PrincipiaGraeca; an. Introduction to the Study
Comprehending Grammar, Delectus, and Exercise-book,

E.).

of Greek.

with Vocabularies.

HYMNOLOGY,
INDIA.

IRBY

Sixth Edition.

Dictionary

of.'

12mo.

35. 6d.

See Julian.

[See Elphinstone, Hakd-book, Tejiple.]

.

AND MANGLES'
the Holy Land.

Travels

Post Svo.

in

Egypt,

Nubia, Syria, and

2s.

JAMESON

(Mrs.).
Lives of the Early Italian Painters—
and the Progress of Tainting in Italy— Cimabue to Bassano. With
50 Portraits.

JAPAN.

Post Svo.

12a.

[See Bird^ Mobsman, Mounsey, Reed.]

JENNINGS

(Louis

and Sussex.

J.).

Field Paths and Green Lanes in Surrey

Illustrations.

Post Svo.

10s. 6d.

Rambles r.mong the Hills in the Peak of Derbyshire
and on the Sjuth Downs. With sketches of people by the way. With
23 Illustrations. Post Svo. 12s.

JERYIS

(Kev.

W.

H.).

The Galilean Church, from the Con-

cordat of Bologna, 151 R. tr> the
Portraits. 2 Vols. Svo. 28s.

JESSE (Edward).

With an

Revolution.

Introduction.

Gleanings in Natural History. Fcp. Svo.

JEX-BLAKE

35. 6d.

Sermons Preached
Life in Faith
(Rev. T. W.).
at Cheltenham and Rugb
Fcap. Svo. 3s. 6d.
JOHNSON'S (Dr. Samuel) 1 fe. By James Boswell. Including
the Tour to the Hebrides. Edited by Mb. Cbokke. 1 Vol. Eoyal
Svo.

JULIAN

:

12a.

A

A

Dictionary of Hymnology.
Hymn Books. Setting forth the Origin and
History of the Hymns contained in the Principal Hymnals used by the
Churches of England, Scotland, and Ireland, and various Dissenting
[In the Iress.
Bodies, with Notices of their Authors. Post Svo.
JUNIUS' I-Iandwritinq Professionally investigated. By Mr. Chabot,
Expert. With Preface and Collateral Evidence, by the Hon. Edwabd
TwiSLETON, Witt Facsimiles, Woodcuts, &c. 4to. £3 3«.
(Rev. John J.).
Companion to Existing

PUBLISHED BY MR. MURRAY.

KERR
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A

Student's Blackstone.
Systematic
(R. Malcolm).
Abridgement of tlie entire Commentaries, adapted to the present Ht ate
of the law. PostSvo. 7s. 6d.

KING EDWARD
KING

VIth's Latin Grammar. 12mo. 3«. 6d.
^ First Latin Book. 12mo. 2«. Gd.
Archaeology, Travel and Art being Sketches and

(R. J.).

;

Studies, Historical and Descriptivo.

KIRK

(J.

gundy.

8vo.

12«.

History of Charles the Bold,

Foster).
Portrait.

KIRKES' Handbook

3 Vols.

Svo.

Duke

of Physiology.
Edited by W.
With 400 Illustrations. Post Svo. lis.

Baker, F.K.C.S.

KUGLER'S Handbook

of Bur-

A5k.

Morrant

of Painting.— The Italian Schools.

vised and Remodelled from the most recent Researches. I?y
Eastlake. With 140 Illustrations. 2 Vols. Crown Svo. 30*.

—

Handbook

The German, Flemish, and
of Painting.
Revised and in part re-written. By J. A. Cbo\7b.

Dutch Schools.

With60

LANE

lUustratious.

Crown

2 Vols.

Svo.

2is.

Account of the Manners and Customs of Modern

(E. W.).
Egyptians.

LAWRENCE

ReLady

With

PostSvo.

2 Vols.

Illustrations.

12.».

Reminiscences of Forty-three Year.-i'
Service in India; including Captivities in Cabul among the Affghans
and among the Sikhs, and a Narrative of the Mutiny in I'iajputaiia.
Crown Svo. 10*. 6d.
LAYARD (A. H.). Nineveh and its Remains; a Popular Account
(Sir

Geo.).

of Researches and

Discoveries amidst the Ruins of Assyria,

-PostSvo.

Illustrations.

"With

7s. 6c?.

A

Nineveh and Babylon;

Popular Account of Dis-

coveries in the Ruins, Avith Travels in Armenia, Kurdistan and the
With Illustratione.
Desert, during a Second Expedition to Assyria.
Post Svo. 7s. 6d.

LEATHES

(Stanley). Practical Hebrew Grammar.
With the
of Genesis i. vi., and Psalms i.— vi.
Grammatical
Analysis and Vocabulary. Post Svo. 7s. 6d.

—

Hebrew Text

LENNEP

(Rev. H. J. Yan). Missionary Travels in Asia Minor.
With Illustrations of Bibjical History and Archajology. With Map

and Woodcuts.

2 Vols.

Post Svo.

24s.

Modern Customs and Manners
Illustration of Scripture.
Svo. 21s.

of Bible

With Coloured Maps and

Lands

in

300 Illustrations.

2 Vols.

LESLIE
•

(C.

2 Vols.

LETO

•

and Works of

Svo.

Young

Painters.

IHustrations.

Svo.

(Leone).

Sir

Portraits.

Eight Months at

Rome

during the Yatican

12s.

the Baltic. By a Lady. Post Svo. 25.
Madras. By a Lady. Post Svo. 2^.
Sierra Leone. By a Lady. Post Svo. 3s. 6d.
History of Briti.sh Commerce
and Economic
:

Progress of the Nation, from 1763

LEX SALICA;

Joshua Reynolds.

42s.

(PoMPONio).
Council.

for

7s. 6d.

LETTERS From
LEYI

Handbook

R.).

PostSvo.
Life

the

to 1S78.

Ten Texts with the

Svo.

18s.

Glosses and the

Lex

Emendata.
8vnoptically edited by J. II. IIfsskls. With Notes on
the Prankish Words in the Lex Salica by H. Kern, of Leydcn. 4to. 4'2s.
LIDDELL (Dean). Student's History of Rome, from the earliest
Times to the establishment of the Empire. Woodcuts. PostSvo. Is.Gd.
LISPINGS from
LATITUDES; or. the Journal of the Hon.
ImpulsiaGushington. Edited bv LordDufferin. With 24 Plates. 4to.21s.

LOW

C2

LIST OF
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LIVINGSTONE
.

—

Africa,

184)-56.

Second Expedition to Afiica, 1858-64.

Illustra-

(De.).
First Expedition
Post Svo. 7s. 6d.

lUustratioDS.

.

Post 8vo.

tions.

WORKS
to

6d.

7s.

Last Journals in Central Africa, from 1865 to
by a Narrative of liis last moments and sufferings.

his Death. Continued

By Kev. Horace Waller. Maps and
_

—

Svo.

Journal of Adventures in Exploring Lake

By

Ny'assa, and Establishing a Missionary Settlement there.

Maps.

Post Svo,

LIYONIAN TALES. By
Post Svo.

Baltic."

LOCKHAKT

(J.

Eomantic.

los.

Lis

15s.

LIVINGSTONIA.
Young, R.N.

Svo.

2 Vols.

unpublished Journals
By Wm. G. Blaikie, D.D. With Map and

and Correspondence.
Portrait.

Ilhistrations.

From

Personal Life.

.

E. D.

7s. 6d.

the Author

of

" Letters

from

the

2s.

Ancient Spanish Ballads.
G.).
Translated, with Notes. Illustrations.

Life of Theodore

Hook.

Historical

Crown

Fcap. Svo,

Svo.

and
5s.

Is.

LOTJOON

(Mrs.).. Gardening for Ladies.
With Directions and
Calendar of Operations for Every 3lonth. Woodcuts. Fcap. Svo. 3s. 6d.
(Sir Charles).
Principles of Geology; or, the Modern
Changes of the Earth and its Inl.a'iitants considered as illustrative of
Geology. With Illustrations. 2 Vols. Svo. 32s.

LYELL

Student's Elements of Geology.
"With Table of British
Third Edition, Eevised. Post Svo. 9s.
Life, Lstters, and Journals.
Edited by his sister-in-law,
Mes. Lyell. With Portraits. 2 Vols. Svo. 30?.
Fossils and eOO Illustrations.

Geographical Handbook of Ferns.

(K. M.).
to

show

LYTTON

their Distribution.

(Lord).

Svo.

A Memoir of Julian

With Tables

7s. 6d,

Fane.

With Portrait. Post

5s.

McCLTNTOCK

(Sir

Narrative of the Discovery of the
John Franklin and his Companions in the Arctic Seas.

Fate of Sir

With

L.).

Illustrations.

M ACDOUGALL
Artillery.

MACGREGOR

Post Svo.

7s. 6d.

(Col.). Modern Warfare as Influenced
Plans. Post Svo. 12s.

by

Modem

With
(J.).

nesareth, &c.
of

Post Svo.

Eob Eoy on the Jordan,

A Canoe

Kile,

Red

Sea,

Gen-

Cruise in Palestine and Egypt and the Waters

With 70 Illustrations. Crown Svo. 7s.6tl.
Ekglish Grammar. A Methodical, Analytical,

Damascus.

MAETZNER'S

and Historical Treatise on the Orthography, Prosody, Inflections, and
Syntax, By Clair J. Geece, LL.D. 3 Vols. Svo. 36s.
(Lord), see Stanhope.

MAHON
MAINE

(Sir H. Sumner). Ancient Law : its Connection with the
Early History of Society, and its Relation to Modern Ideas. Svo. 12s.
126-.
Svoi
Tillage Communities in the East and West.

—

Early History of Institutions.

Svo. 12s.

MALCOLM (Sir John). Sketches of Persia. Post Svo. 3s. ed,
MANSEL (Dean). Limits of Religious Thought Examined.
Post Svo.

Ss. 6d.

Lettei;3,

MANUAL OP

Lectures,

and

RevieAvs.

SCIENTIFIC ENQUIRY.

Travellers. Edited by Pev. K, Main. Pest Svo.
order of the Lords of the AdmiraUy.)

Svo.

12s.

For the Use of
3s. 6d.

{Published by

PUBLISHED BY MR. MURRAY.
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MARCO

POLO. The Book of Ser Marco Polo, the Venetian.
Concerning the Kingdoms and Marvels of tlio Kast. A new English
Version, llhistnited by the light of Oriental Writers and Modern
Travels. By Cou Henry Yulk, Maps and Illustrations. 2 Vols.
Medium

8vo.

63«.

MARKHAM

(Mrs.). History of England.
From the First Invasion by the Romans. Woodcuts. 12mo. 35. 6J.
History of France.
From the. Conquest by the
Gauls. Woodcuts. 12mo. 3s. 6d.
History of Germany. From the Invasion by Mariua.
Woodcuts. 12mo. 35. firf.
Popular Account of Peruvian
(Clements R.).
Bark and its introduction into British India. With Maps. Post

--

A

8vo.

14^;.

MARRYAT

History of Modern and Mediaeval Pottery
(Joseph).
and Porcelain. With a Description of the Manufacture. Plates and
Woodcuts. 8vo. 425.
Student's Manual of the English Language.
(G. P.).
Edited with Additions. By Dr. Wm. Smith. Post 8vo. 75. 6d.

MARSH

MASTERS

Lectures delivered at King's
by Eminent Divinef. With lutrodaction by

in English Theology.

College, London, in 1877,
Canon Barry. Post 8vo.

MATTHIiE'S

(Jreek

MAUREL'S

l5.

Abridged

12mo.

Character, Actions,

Fcap. 8vo.

MAYO

7s. G(L

Grammar.

Revised by E. S. Crooke..

by

Blomfield,

of

Wellington.

45.

and

Writings

M.

Sport in Abyssinia; or^ the Mareb and TackWith Illustrations. Crown 8vo. 125.
(Hon. Herbert). Ride through the Disturbed Districts of
New Zealand, with a Cruise among the South Sea Islands. With Illustrations. Medium 8vo.
125.
MELVILLE (Hermann). Marquesas and South Sea Islands.
(Lord).

azzee.

MEADE

Post 8vo.

2 Vols.

MEREDITH
Wales.

7s.

(Mrs. Charles).
Post 8vo.

MICHAEL ANGELO,
and Works.
Index.

8vo.

By

C.

New

Notes and Sketches of

South

25.

Sculptor, Painter,

Heatu

VVilson.

and Architect.

With

Portrait.

His Life

Illustrations

and

13s.

MIDDLETON

A

Descriptive Catalogue of the
(Chas. H.)
Etched Work of Rembrandt, with Life and Introductions. With
Explanatory Cuts. Medium 8vo. Sis. Gd.

MILLINGTON

(Rev. T. S.). Signs and Wonders in the Land of
Ilam, or the Ten Plagues of Egypt, with Ancient and Modern IllustraWoodcuts. Post 8vo. Is.Qd.

tions.

(Dean) WORKS:—
History op the Jews, from the

MILMAN'S

Times.

Post 8vo.

3 Vols.

earliest Period

tion of

Latin

Paganism

in the

lioman Empire.

Christianity, including

Pontificate of Nicholas V,

Handbook
8vo.

'

lO.v.

to

St.

down

to

Modern

ISs.

Early Christianity, from the Birth
9 Vols.

of Christ to the Aboli-

3 Vols.

Post Svo.

IS*.

that of the Popes to

Post8vo.

Paul's Cathedral.'

the

545.

Woodcuts.

Crown

6d.

QuiNTi HoRATii Flacci Opera. Woodcuts.
Fall of Jerusalem, Fcap. 8vo. \8,

Sm.

Svo. T".

C(?.

.

LIST OF
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MILMAN'S

WORKS

(Capt. E. A.) Wayside Cross.

Post 8vo.

2s.

[(Bishop, D.D.,) Life.
With a Selection from his
Correspondence and Journals.
By his Sister. Map. 8vo. 12s-

MIVAliT

Lessons from Nature-; as manifested in

George).

(St,

Mind and

The

Matter.

8vo.

15s.

An

Cat.

Introduction to the Study of Backboned
Mammals. With 200 Illustrations. Medium 8vo.

Animals, especially
cOs.

&IOOKE

MOEESBY

Plates.

6

Royal Svo.

Vols. Fcap. Svo. 18s.
7s. 6d.

Cabinet

Fopular Edition,

;

Discoveries in New Guinea, Polynesia,
during the cruise of H.M.S. Basilisk. Map and

E.N.

(Capt.),

Torres Straits, &c.,
Illustrations. 8vo.

MOSSMAN

Lord Byron.

Life and Letters of

(Thomas).

Edition.
With
with Portraits.

15i-.

New

Japan ; the Land of the Rising Sun ;
its Annals during the past Twenty Years, recording the remarkable
Progress of the Japanese in Western Civilisation. With Map, Svo. 15f

MOTLEY

(Samuel).

History of the United Netherlands from the
Silent to the Twelve Years' Truce, 1609. Portraits.

(J. L.).

:

Death of William the
4 Vols.

Post Svo,

6.V.

each.

and Death of John of Barneveld,
Life
Advocate of Holland.
With a View of the Primary Causes and
Movemetits of the Thirty Years' War.
Ill'ustrations.
2 Vols.
Post Svo.

MOZLEY

12s.

(Canon).

Treatise

Crown

Predestination.

MUJRHEAD
Ir^tiMis.

Svo.

MURCHISON

of

of Maistre Jean Le Houx,
Translated and Edited. With Portrait and Illus-

21s.

By Rev.

(General) Life and Letters.

Post 8vo.

doctrine

9s.

The Yaux-de-Vire

(Jas.).

Advocate of Vire.

MUNRO'S

on the Augustinian

Svo.

G. R. Gleiq.

3s, Qd.

(Sir Roderick).

Siluria

;

Oldest Eocks containing Organic Remains.

Memoirs.

or,

a History of the

Map and

Plates. Svo.

18s.

With Notices

of his Contemporaries,
and Rise and Progress of Palaeozoic Geology. By Archibald Geikik.
Portraits.

MURRAY (A,

2 Vols.

Times down

Svo.

30s.

A

History of Greek Sculpture, from the Earliest
the Age of Pheidias. With Illustrations. Roy. Svo. 21s.

S.).
to

MUSTERS'

(Capt.) Patagoniaus ;
a Year's Wanderings over
Untrodden Ground from the Straits of Magellan to the Rio Negro.

Illustrations.

Post Svo.

Is.Qd.

NAPIER

(Sir Wm.). EnglisTi Battles
War. Portrait. Post Svo. 9s.

NAPOLEON

AT

FoNTAiKEBLEAu

•

Occurrences and
Portrait.

Svo.

and Sieges of the Peninsular

AND

Notes of Conversations.

Elba.

By

Joumal

of

Sib Neil Campbell.

15s.

NARES

Official
(Sir George), R.N.
the receat Arctic- Expedition. Map.

NAUTICAL ALMANAC

(The).

Report to the Admiralty of
Svo. 2s. M.
^
{By Authority.)
23. ed.

NAVY LIST. (Monthly and Quarterly,) Post Svo.'
NEW TESTAMENT. With Short Explanatory
By ARcnoRACOx Chubton, M,A., and
With 110 authentic Views &c. 2" Vols.

tlio

Commentary.

Bisnop of St. Daviu's.

Croyru Svo,

21s. lound.

:

PUBLISHKD BY MR. MURRAY.
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NEWTII

(Samuel). First Bjok of Naiural PhiLuopliy
au Intruduc lion to the Study of Siatics, DynamicH, II ydroHtatics, Li^lit, Heat,
and Sound, with numerous ExampleH. SinuU Svo. 'di. (id.
Elements of Mechanics, including Hydrostatics,
with numerous Examples. Small 8vo. 8s. 6d.
Mathematical Examples.
Graduated Series
of Elementary Examples in Aritlimetic, Alj^ebra, Logarithms, Trigonometry, and Mechanics. Small 8vo. 8». 6d.
(Sir Harris). Historic Peerage of England.
Exhibiting the Origin, Descent, and Present State of every Title of Peerage which has existed in thifi Country since the Conquest.
By
;

A

NICOLAS

William Courtuopb.

8vo.

30a.

NILE GLEANINGS. See Stuart.
NIMROD, On the Chace— Turf— and
Crown 8vo.

Plates.

NORDHOFP

5s.

(Chas.).

Road. With Portrait and
Or with Coloured I'lates, 7«. 6i.
Communistic- Societies of the United

states; including* Detailed Accounts of the Shakers, the Anianji,
"Oneida, Bethell, Aurora, Icarian and other existing Societies.
With
40 Illustrations. Bvo. 15s.

NOllTHCOTE'S

(Sir John) Notebook in the Long Parliament.
Containing Proceedings during its First Session, 1640. Edited, with
a Memoir, by A. II. A. Hamilton. Crown 6vo. 9>'.
(LiEUT.-CoL.). Principles and Practice of Modern Artillery,
including Artillery Material, Gunnery, and Organisation and Use of
Artillery in Warfare. With Illustrations.
8vo. I5s.

OWEN

OXENHAM (Rev. W.).

English Notes for Latin Elegiacs

for early Proficients in the Art of Latin Versification,
Rules of Composition in Elegiac Metre. 12mo. 3s. fid.

;

designed

with Prefatory

The Light Cavalry Brigade in the
(LoRi) George).
Crimea. Containing Extractsfrom Journal and Correspondence. Map.

PAGET,'

Crown

8vo.

PALGRAVE
Ireland.

10.s\

(R.

6d.

H.

8vo.

I.).

Local Taxation of Great Britain and

5.'.

PALLISER

(Mus.). Mottoes for Monuments, or Epitaphs selected
General Use and Study. With Illustrations. Crown 8vo. 7s. 6d.
PARIS (Dr.) Philosophy in Sport made Science in Earnest ;
or, the First Principles of Natural Philosophy inculcated by aid of the
Toys and Sports of Youth. Woodcuts. Post 8vo. 7s. 6d.
(Mansfield) Three Years' Residence in Abyssinia
with Travels in that Country. With Illustrations. Post 6vo. Is. 6d.
PEEL'S (Sir Robert) Memoirs. 2 Vols. Post 8vo. 15s.
'

for

PARKYNS'

PENN

(Richard).

Maxims and Hints

Woodcuts.
(John, M.D.).

player.

PERCY

Charcoal, Coke.

Fcap. 8vo.

Fire-Clays.

for

an Angler and Chess-

Is.

Metallurgy.

Fuel,

Illustrations.

Wood,
8vo.

Peat,

Coal,

30.<t.

Lead, including part of Silver. Illustrations. 8v'o. ZOs;
aud Gold. Part I. Illustrations. 8vo. BOs.
(Rev. Canon). Life of St. Hugh of Avalon, Bishop of
Silver

PERRY

Lincoln.

Post Svo.

10s.

6^2.

See Stude.nts' Manuals.
(Samuel). Literary Essays from " The Times." With

History of the English Church.

PHILLIPS

Portrait.

PIQAFETTA

2 Vols.'

Fcap. Svo.

7s.

(Filippo).
The Kingdom of Congo, and .of the
Surrounding Countries. Translated and edited by Maug akitk Hutch6J.
inson. With Preface by Sir T. F. Biixrt)N. Mnp^. 8vo.
(C. E.).
A book of Family Prayers. Selected f.om
os. 6('.
16mo.
the LUur;,'y of tlie Church of Eug'aud.

POLLOCK

WORKS

LIST OF
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POPE'S (AtEXANDER) Works.

With Introductions and Notes,
by Rev. Whitwrll Elwin, and W. J. Couktiiopk. Vols. I., II., III.,
VI.,YII., Yill. With Portraits. 8vo. lu.s-. 6<i. each.
PORTEK (Kev. J. L.). Damascus, Palmyra, and Lebanon. With
Travels among the Giant Cities of Bashan and the Hauran. Map aud
Woodcuts. PoBt 8vo. 7s. (id.
PKAYER-BOOK (Illustrated), with Borders, Initials,- VigEdited, with Notes, by Rk\, Tugs. James. Medium
nettes, &c.
8vo.

-

I8s. cloth

calf;

31s. fid

;

36.«.

morocco.

(The Convocation), with
ing the hook

amended

if

PRINCESS CHARLOTTE
Selections from

"W ith

the recomiuendations of
Post 8vo. 5s.

A

OF WALES.

her Correspondence

Brief

Memoir,

and

other unpublished
With Portrait. 8vo, 8s. M.

By Lady Kure Wrigall.

Papers.

altered rulirics, show-

in CDnformiiy with

Canterbury and York in 1879.

th- ('oiivocations of

PRIVY COUISCiL JUDGMENTS

in Ecclesiastical Cases re\N itli Historical Introduction,
lating to Doctrine and Discipline.
by G. C. BRODhiCK and W. H. Fremantlk. 8vo. 10*. 6d.
.

PiALMS OF DAVID.

With Notes Explanatory and Critical by
the Dean of Wells, Canon Elliott, and Canon Cuok. Medium 8vo. 10^;. &d.
With 12 Illustrations.
By Otto Speckter.

PUSS IN BOOTS.
16mo.

Or

Is. 6d!.

coloured. 2s.

M.

QUARTERLY REVIEW (The).
KAE (Edwabd). Country of the
i:.

P.arh:iry to the

Bvo.

8vo.

Holy City of Kairwan.

A

Journey from Tripoli

Map

and Etchings.

Crown

lv!s.

The White Sea Peninsula.
llie

65.

Moors.

AVith

Kola Peninsula.

Journey to the White Sea, and*

Map and

26 Illustrations.

Crown

8vo.

PAMBLES in the Syrian Deserts. Post 8vo. \Qs. 6d.
PASSAM (Hormuzd). British Mission to Abjssiuia.
2 Vols.

tions.

8vo.

15s.

Illustra-

'28s.

(Canon)
Herodotus.
A New English Verand Essays. Maps and Woodcut. 4 Vols. 8vo. 48s.
Five Great Monarchies of Chaldeea, Assyria, Media,
Babylonia, and Persia. With Maps and Illustrations. 3 Vols. 8vo. 42.«.
(Sir Henry) England and Russia in the East ; a

RAWLINSON'S

sion. Edited with Notes

—

Series of I'apers on
Asia. Map. 8vo.

REED

(Sir E.

tlie Political

and Geographical Condition

ol Central

12s.

Iron-Clad Ships; their Qualities, Perforniances,

J.)

and Cost. With Ciiapters on Turret Ships, Iron-Clad Rams,(Jic, With
Illustrations.
i

8vo.

12s.

Letters from Russia in 1875. 8vo. 5.?.
Japan
Its History, Traditions, and Religions.
:

Miu rative of a Visit in 1879. Illustrations.

REJECTED ADDRESSES
Woodcuts.

PEMBRANDT.

(The).

2 Void. 8vo.

With

28s.

By James and Horace Smith.

Post 8vo. 3s. 6d. or Popular Ediiion, Fcap. 8vo.
See Midbleto.^^.
;

Is.

REYNOLDS'

(Sir Joshua) Life and Times.
By C. R. Leslib,
Tom Taylor. Portraits. 2 Vols. 8vo. 42s.
(David) Political Works. With a Notice of his
Life and Writings. By J. P.. M'Ctjlloch. 8vo. 16s.
(Father). Thirteen Years at the Court of Peking. Post
K.A. and

RICARDO'S

RIPA

8vo.

2s.

ROBERTSON

(Canon).

Age

History of the Christian Church, from the

the Reformation, 1517.

8 Vols. Post gvo. 6*. each.
Biblical Researches in Palestine and the
Adjacent Regions, 1838—52. Maps. 3 Vols. 8vo. 42s.
Apostolic

ROBINSON

til

(Rev. Dr.).

—
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llOBINSON (Wm.)

—

Alpine Flowers for English Gardens. With
Crown 8vo. 7k. (kl.
Sul)-Tropical (Jardcii. IliuslTutions. Small 8vo. 5?.
Remarks on the
(E. R..).
School ARciriTECTURE,

70 Illustrations.

—

^

IIOBSON

Planning, Designing,

Medium

Illuslrations.

Hitihiinfj.

Svo.

and Furnisliing of School-houses

IBs.

ROME (History of). See GliiiXiON Liddell— Smith — Students'.
ROYAL SOCIETY CATALOGUE OF SCIENTIFIC PAPERS.
Half morocco, 28s. each.
Travels inMexico; with Adventures among ^Yild
Tribes and Animals of the Prairies and Rockv Minn tains. Post 8vo. Ss.fid
OF AVALON, Bishop of Lincoln; his Life by G. G.
Pr.nuY, Canon of Lincoln. Post 8vo. 10s. 6d.
Wild Sports and Natural History of the
(Charles).
Highlands of Scotland. Illustrated Edition. Crown 8vo. 15s, Cheap
8 vols.

8vo.

20v. each.

RUXTON (Geo. F.).
ST.

HUGH

ST.

JOHN

Edition, Post 8vo. 3s. 6d.

(Bayle) Adventures in the Libyan Desert. Post 8vo. 2.9.
(Duke of). Ste Carnota.
SALE'S (Sir Robert) Brigade in Atfghanistan. With an Account of
the Defence of Jellalabad. By Kkv. G. R. Glrio. Post 8vo. 2s.
SCEPTICISM IN GEOLOGY; and the Reasons for It. An

SALDANHA

assemblage of facts from Nature combining to refute the theory of
"Causes now in Action." By Vekifier. Woodcuts. Crown 8vo. 6s.
SCOTT (Sir Gilbert). Lectures on the Rise and Development
of Mediffival Architecture.
Delivered at the Royal Academy. Wi h

Medium 8vo. 42s.
Troy and Its Remains. A Narrative of Kescarjhes awd Discoveries made on the Site of Ilium, and in tlio
Trojan Plain'. With 50J Illustrations. Medium 8vo. 42s.
Ancient Mycenae and Tiryns. With .500 IllusMedium 8vo. 50s.
trations.
—
Ilios
the City and Country of the Trojans,
inchulinj? hII Recent Discoveries and Researches made on the Site
of Troy and the Troad.
With an Autobiography. With 20C0 Illus400 Illustrations.

SCHLIEM ANN

—

2 Vols.

(Dr. Henry).

;

trations.

SCIIOMBEHG

Imperial 8vo.

50s.

The Odyssey

(General).

of

Homer, rendered

Books I— XII. Svo. 12s.
Siberia in Europe; a Naturalist's Visit to
the Valley of the Petchora in N.E. llu-sia. With notices of Birds and
their migrations.
With Map and Illustrations. Crown Svo. 14s.
(Lord).
Notes on some Passages in the Liturgical
History of the Reformed English Church. Svo. 6s.
OF
SICK ROOM.
Preface by Canon Liddon.
into Eufilisl) blank versi,

SEEBOHJM

(Henry).

SELBORNB

SHADOWS
16mo.

SHAH OF

A

2s.

M.

PERSIA'S Diary during

his

Tour through Europe in
W. Reuhouse. With

1873.
Translated from the Original.
By J.
Portrait and Coloured Title. Crown Svo, 12s.

SHAW

(T. B.).

Manual

of English Literature. Post Svo.

Specimens of English Literature.

-

Chief Writers.

SHAW

Post SvaT

(Robert). Visit to

Selected

7*. Gd.

from the

7s. Bd.

High

Tartary, Yarkand, and Kashgar

(formerly Chinese Tartary), and Return Journey over the Karakoruiii
Pass.
With Map and Illustrations, 8vo. 16s.

SIERRA LEONE

;

Described in Letters to Friends at Home.

By

A Ladt.

SlilMONS
tial.

Post Svo. 3s. 6U.
(Capt.). Constitution

Svo.

16s.

and Practice

of

Courls-Mar-

WORKS

LIST OF

2a

WORKS :—

SMILES' (Samuel, LL.D.)
British Engineers

from the Earliest Period to the death of

;

"With Illustrations. 5 Vols. Crown 8vo.

the Stephenson'?.

7s. 6d.

each.

Life op George Stephenson. Post 8vo. 3s. 6d.
Life op a Scotch Naturalist (Thos. Edward). Illustrations.
•

Crown

8\o.

10<.

6rf.

Life op a Scotch Geologist and Botanist
Crown

illustrations.

8vo.

(Robert Dick).

12s.

Huguenots in England and Ireland. Cro wn8vo.. 7s. 6d.
With Illustrations of Conduct and PerseverSelp-Help.
Or

Post 8vo, 6s.

ance.

A Book

in French,

5s.

Noble Characteristics. Post 8vo. 6s.
Thrift. A Book of Domestic Counsel. Post Svo. 6s.
Duty. With Illustrations of Courage, Patience, and Endurance.
Character.

Post Svo.

of

6.''.

Industrial Biography;
Post Svo.

Boy's

SMITH

or,

Iron Workers and Tool Makers.

6s.

Voyage Round the World. Illustrations. Post Svo. 6s.
Manual of the Geography of India.

(Dr. George) Student's

Post Svo.

Life

John Wilson, D.D. (Bombay), Missionary and

of

Pliilauthropist.

Post Svo.

Portrait.

9s.

(Philip). History of the Ancient World, from the Creation
3 Vols. Svo. 31s. 6d.
to the Fall of the Roman Empire, A. D. 476.
.

SMITH'S

(Dr. Wm.)

DICTIONARIES:—

op the Bible ;
Geography, and Natural History.

Dictionary

Concise Bible Dictionary.
Svo.

Antiquities,

With 300

Biography,

3 Vols. Svo. 105s.

Illustrations.

Medium

21s.

Smaller
Svo.

its

Illustrations,

Bible

With

Dictionary.

Illustrations.

Post

7s. 6d.

Christian

Comprising

Antiquities.

the

and Antiquities of the Christian Church.

tutions,

History, Insti"With Illustrations.

Medium Svo. 3^. 13s. 6d.
Christian Biography, Literature, Sects, and Doctrines;
frora the Tiines.of the Apostles to tlie Age of Charlemajrne. Medium Svo.
2 Vols.

Vols.

I.

&

ri.

31s. ed. each.

(To he completed in 4 Vols.)

Greek and Roman Antiquities.
jNIedium Svo.

With 500

Illustrations.

28s.

Greek and Roman Biography and Mythology.

With 600
Medium Svo. 41. is.
Greek and Roman Geography, 2 Vols. With 500 IllustraMedium Svo. 56s.
tions.
Atlas op Ancient Geography Biblical and Classical.
lUustratiQus.

3 Vols.

'

—

Folio.

61. 6v.

Classical Dictionary op Mythology, Biography, and
Geography. 1 Vol. With 750 Woodcuts. Svo. ISs.
Smaller Classical Dictionary. With 200 Woodcuts. Crown
8vo.

7s. 6d.

Smaller Greek and Roman Antiquities.
cuts.

Crown Svo.

With 200 Wood-

7s. 6d.

Complete Latin-English Dictionary. With Tables of. the
Roman Calen<lar, Measures, Weights, and Money. Svo. 21s.
Smaller Latin-English Dictionary. 12mo. 7s. 6d.

.
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—

(Dr. Wm.) Dictionarib3 contiivued.
Copious and Critical English-Latin Dictionauy. 8vo.
Smaller English-Latin Dictionary. 12ino. 7«. Qd.

SMITH'S

SMITH'S

(Dr.

Wm.)

21.y.

ENGLISH COURSE :—

School Manual of English Grammar^ with Copious Exercises.
Post 8vo.

3.S. 6</.

Primary English Grammar.

16mo.

Is.

With Copioas
of English Composition.
12mo. 3s. 6d.
tioDS and Practical Exercines.
Primary History of Britain. 12mo. 2s. Qd.

Manual

School Manual
political.

Modern

of

Post 8vo.

Geography,

Illustra-

and

Physical

5a.

A

Smaller Manual of Modern Geography. 16mo. 2-5. GcZ.
(Dr. Wm.) FRENCH COURSE :—
Part I. A First Course, containing a
French Principia.

SMITH'S

Grammar,

Delectus, Exercises, and Vocabiiiariea.

Appendix to French Principia.
ditional Exercises, with

French Principia.

Part

Examination Papers.

Part H.

A

12mo.

3s. &d.

Containing ad-

I.

12mo.

2s. 6(/.

Reading Book, containing

Fables, Stories, and Anecdotes, Natural Ilihtory, and Scenes from the
History of France. With Grammatical Questions, Notes and copious
Etymological Dictionary. 12mo. 4s. 6cZ.

French Principia.

Part

III.

Prose Composition, containing

a Systematic Course of Exercises on the Syntax, with the Principal
Rules of Syntax. 12mo.
the Press.

By C. Heron-Wall.
Student's French Grammar.
Introduction by M. Littre. Post 8vo. 7s. 6(/.
Smaller Grammar op the French Language.
from the above.

12nio.

3s. 6d.

SMITH'S (Dr. Wm.) GERMAN COURSE :—
German Principia. Part I. A First German

Course, contain-

ing a Grammar, Delectus, Exercise Book, and Vocabularies. 12mo,

German

Principia.

With

Abridged

Part

II.

A

Reading Book

;

3s.

6d,

containing

Fables, Stories, aiid Anecdotes, Natural Hi^stoiy, and Scenes from the
G raiiimatical Questions, Notes, and Dic-

History of Germany. Wi(h
tionary. 12mo. 3s. 6d.

Practical German Grammar.

Post 8vo.

3s.

6d»

ITALIAN COURSE
Italian Principia. An Italian Course, containing

SMITH'S

(Dr. Wm.)

a

Grammar,

Delectus, Exercise Book, with Vocabularies, and Materials for Italian
Conversation.
By Signor Kicci, Professor of Italian at the City of
Libdon College. 12mo. 3s. (id.

A

Part II.
First Italian Reading Book,
containing Fables, Anecdotef, Ilistorr, and Passages from the best
Italian Author.", with Gramraatical Questions, Notes, and a Copious
Etymological Dictionary. By Signor Kicci. l2mo. 3s. 6<i.

Italian Principia.

SMITH'S (Dr. Wm.) LATIN COURSE:—
The Young Beginner's First Latin Book

Containing the
Rudiments of Grammar, Easy Grammatical Questions and Exercises,
•with Vocabiihuies.

for

Young

Children.

Being a Stepping stone
12iuo.

to

:

Principia Latiua, Part

1

2».

The Young Beginner's Second Latin Book

:

Containing an

Latin Reading Book, with an Analysis of the yontences. Notes,
and a Dictionary. Being a Stepping-stone to Principia Latiua, Part II.
fcr Young Children. 12mo.
2s.
e)<sy

WORKS
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SMITH'S

(Dr.

Wm.) Latin Course

— continued.

.

Principia Latina. Part I. First Latin Course, containing a
Grammar, Delecf us, and Exercise Book, with Vocabularies. 12mo. 3s.6d.
*** In tills Edition tlie Cases of the Nouns, Adjectives, and Pronouns
are arrangt-d both as in the ordinary Grammars and as in the Public
School Primer, together with the corresponding Exercises.

Appendix to Principia Latina. Part L; being Additional
Exercises, with

Examination Papers.

Principia Latina.
Geography,
tionary.

Roman

12aio.

A

Part IL

12mo.

2s. &d.

Reading-book of Mythology,
With Notes and Dic-

Antiquities, and History.

3s. 6d.

Principia Latina.

A

Part IIL

Poetry Book.

Hexameters

and Pentameters; Eclog. Ovidianse; Latin Prosody. 12mo.

3s,

6rf.

Eules of
Syntax with Examples, Explanations of Synonyms, and Exercises
on the Syntax.

12mo.

Principia Latina.

Prose Composition.

Part IV.

Principia Latina.

3s. 6d.

Part V. Short Tales and Anecdotes for

Translation into Latin.

12mo.

3s.

Vocabulary

Latin-English

and

First

Latin-English

Dictionary for Ph.edrus, Cornelius Nepos, andC^sar. 12mo. 3s. 6d.
Student's Latin Grammar. For the Higher Forms. Post
8vo.

6s.

Smaller Latin Grammar.
12iao.

12mo.

SMITH'S

For the Middle and Lower Forms.

3s. Qd.

Germania, Agricola,

Tacitus,

&e.

With

English

Notes.

3s, Qd.

(Dr.

Wm.)

GREEK COURSE:—

Initia Gr^eca. Parti. A First Greek Course, containing a Gram
mar, Delectus, and Exercise-book. With Vocabularies. 12mo. 3s. 6d.
Appendix to Initia Gr^ca. Part 1. Containing additional
Exerciies, \Vith Exandnition Papers. Post Svo, 2s. 6c/.
Initia Gr^ca.
Reading Book. Containing
Part II.
Short Tales, Anecdotes, Fables, Mythology, and Grecian History.

A

12mo.

3s. 6d.

Prose Composition. Containing the
Examples and Exercises, 12mo. 3s. Qd,
Student's Greek Grammar. For the Higher Forms. By
Initia Grjdca, Part III.

Itules of Syntax, with copious

CuRTius.

Post 8vo.

6s.

Smaller Greek Grammar. For the Middle and Lower Forms.
12mo.

3s. &d.

Greek Accidence,

12mo.

25, Qd.

Plato, Apology of Socrates, &c. With Notes.

SMITH'S

(Dr. Wm,)

12mo.

SMALLER HISTORIES:—

Scripture History. Woodcuts, 16mo, 3s. 6d.
Ancient History. Woodcuts. 16mo, 35. 6d.
Ancient Geography. Woodcuts. 16mo. 3s. Qd.
Modern Geography. 16aQ0. 25, 6d.
Greece. Maps and Woodcuts, 16mo. 3s, 6d,
Rome, Maps and Woodcuts, l^mo. 3s, Go?.
Classical Mythology. Woodcuts. 16mo. 3s. 6d.
England. Maps and Woodcuts. 16mo. 3s. 6d.
English Literature.
16mo.
3s. 6d.
Specimens qp English Literature. 16mo. 3s. 6d,

Zs. Gd-.
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to

—

Portrait.

—

Personal Eecollections from Early Life
Ciown 8vo. 12/.

Physical Geography.

Connexion

—

Microscopic Science.

(John F.). HonseholJ Surgery
With VVoodciitP. reap. Svo. 3s.

SOUTHEY

(Kobt). Lives of

STANHOPE'S

Illu8tratione.

or,

;

Hints

for

Emergen-

6-/.

Bunyan and Cromwell. Post

8vo.

26-.

See Stevens.

db).

(Earl)

9.?.

Post 8vo. 9 v.

21s,

cies.

ST A EL (Madame

Post 8vo.

Portrait.

of the Physical Sciences.

&

Molecular
Post 8vo.

2 Vols.

SOUTH

(Mary).

Old Age.

29

WOKKS

:—

History of England

fiicm the Eeign op Queen Anne
THK Peace OF Veusaillks, 1701-83. 9 vols. Po8t8vo. 5s. each.
Life OF William Pitt. Portraits. 3 Vols.
8vo.
36s.

to

Miscellanies. 2 Vols. Post 8vo. 13s.
British India, from its Origin to 1783. Post 8vo. 35. 6d,
History OP " Forty-Five." Poot 8vo. 3«.
Historical and Critical Essays. Post 8vo. 3^. 6d.
French Ketreat from Moscow, and other Essays. Post 8vo.
7s. 6d.

Life of Belisarius. Post 8vo. lO-s. 6/7.
Life of Conde. Post 8vo. 35. 6d.
Story op Joan op Arc. Fcap. 8vo. Is.
Addresses on Various Occasions. 16mo.

STANLEY'S

(Dean)

Is.

WORKS

Sinai and Palestine.

Maps. 8vo. lis.
Bible in the Holy Land Extracted from the above Work.
;

Weodcuts, Fcap. 8vo.

2s. 6d.

Eastern Church. 8vo. 12s.
Jewish Church. From the Earliest Times
Era.

3 Vols. 8vo.

to the Christian

38s.

Church

op Scotland.
8vo.
75. 6d.
Epistles of St. Paul to the Corinthians. 8vo. 18s.
Life op Dr. Arnold. Portrait. 2 Vols. Cr. 8vo. 1 2s.
Canterbury Cathedral. Illustrations. Post 8vo. 7s. Gd.

Westminster Abbey. Illustrations.
Sermons during a Tour in the East.
ON
Abbey.

8vo.

l5s.

8vo.

8vo.

The Beatitudes, and Sermons Addressed
Westminster Abbey. Pciip. 8vo.
Memoir of Edavard, Catherine, and

Christian Institutions.
8vo.

9s.

Public Occasions, Preached in We&tmin&ter

Mary

to

Children in

Stanley. Cr. 8vo.

9s.

Essays on Ecclesiastical Subjects.

12s.

STEPHENS

Life and Times of St. John
(Rev. W. R. AV.).
Clirysostom. A Sketch of the Church and the Empire iu the Fourth
Century. Portrait. Svo. 12a'.

STEVENS

(Dr. A.).

Madame

de

Slilel

;

ci

Study of her Life

and Times. The First Revolution and tlie First Empiie.
Voij.

Crown

Svo.

24-.

Portiaita.

2
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STRATFORD

REDCLTFFE

de

The Eastern Question.
(Lord).
Writings during the last Five Years of his
With Map, 8vo. 9s.
Illustrations.
Gothic Architecture in Spain.

Being a Selection from
Life.

With

WORKS

liis

a Preface by Dean Stanley.

STREET

(G. E.).
Royal 8vo. 30s.

Italy, chiefly in Brick and
Marble. With Notes on North of Italy. Illustrations. Royal 8vo. 26s.
With Illustrations. 8vo.
Rise of Styles in Architecture.
'-

STUART

(ViLLTERs). Nile Gleanings The Ethnology, History,
and Art" of Ancient Egypt, as Revealed by Paintings and BasWith Descriptions of Nubia and its Great Hock Temples
:

R.eliPfR.

5S Coloured Illustrations, &c.

Medium

8vo.

,

31s. 6rf.

STUDENTS' MANUALS:—
Old Testament History

from the Creation to the Return of
Maps and Woodcuts. Post 8vo. 75. 6d.
New Testament History. With an Introduction connecting
the History of the Old and New Testaments, Maps and Woodcuts.
Jews from

the

Post 8vo.

;

Captivity.

7s. €d.

Evidences op Christianity. By Ret. H. Wacr. Post 8vo.
Ecclesiastical History. The Christian Church. By Philip
Smith, B.A.
Part I.— First Ten Centuries. From its Foundation to the full establishment of the Holy Roman Empire and the Papal Power. Woodcnts.
PostSvo. 7s. M.
Part If.— The Middle Ages and the Reformation. Woodcuts. Post
8vo. 7s. 6d.

By Canon Perry.

History op the English Church.

First Period, from the planting of the Church in Britain to the Accession of Henry VIII. PostSvo. 7s. 6c/.

Second Period, from the accession
of Henry VIII. to the silencing of Convocation in the 18th Century.
Post. 8vo. 7s. 6c?.

Ancient History op the East; Egypt, Assyria, Babylonia,
Media, Persia, Asia Minor, and Phoenicia, Woodcuts. Post8vo.
Woodcuts.
13y Canon Bevan.

•Ancient Geography.
8vo.

7a. 6d.

Post

7s. 6d.

History op Greece
Conquest, By Wm.

;

from the Earliest Times to the
Crown 8vo.

Smith, D.C.L. Woodcuts.
*** Questions on the above Work, 12mo. 2s.

Roman
7s. 6d.

History of Rome; from the Earliest Times to the Establishment of the Empire. By Dean Liddell. Woodcuts. Crown Svo. 7s. 6d.
Gibbon's Decline and Fall op the Roman Empire. Woodcuts.
Post 8vo.

Hallam's
Post 8v0,

7s. 6d.

History
7s.

Europe

op

during the Middle Ages.

6d.

History op Modefn Europe, from the end of the Middle
Ages

to the

Hallam's

Treaty of Berlin, 1878.

History op

Henry VII,

to the

Post Svo,

England

Death of George

;

II.

Hume's History op England from

from

[In the-Pre&s.

Accession

the

Post Svo.

7s,

of

6c.'.

the Invasion of Julius

Cajsar to the Revolution in 1688. Revised, corrected, and continued
By J. S. Brewer, M,A. With
to the Treaty- of Berlin, 1878.
Maps & 70 Woodcuts, Post Svo, 7a. Qd,
Questions on the above Work, 12mo, 2s.

down

7 Coloured

History op France

from the Earliest
;
lishment of the Second Empire, 1852. By H.
Post Svo, 7s. 6c?.
English Language.
By Geo. P. Marsh.

^

English Literature.

Bj

T. B.

Times

W.

to the EstabJervis. Woodcuts.

Post Svo.

Shaw, M.A. Post

7s. Qd.

Svo. 75.6c?.

,
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M AW /iLS— continued.

ST UDEN TS'

Si'EciMENS OF English LiTERATURE.ByT.B.SiiAW.PoslSro.Ts.Br/.
MoDEiiN Geoorapiiy ; Mathematical, Physical and Descriptive,
By Canon Bevan. Woodcuts. PostSvo. 7s. 6d.
Geography ov Ihvia. By Dr. George Smith, LL.D. Post 8s^o
[In the Press

7s. 6d.

Moral Philosophy. By "Wm. Fleming. Post 8vo.
Blackstone's Commentaries. By Malcolm Kerr.

In.

6d.

Post 8vo

7*. fid.

SUMNER'S

(BisHgp) Life and Episcopate during 40 Years. By
II. Sumner.
Portrait. 8vo. 14*-.
SWAINSON (Canon). Nicene and Apostles' Creeds; Their
together with some Accouat of "The Creed of St.
Liter<ary History
Kev. G.

;

Athanasius."

SWIFT
SYBEL

8vo.

16^.

(Jonathan). Life of. By Henry Craik, B.A. •
(Von) History of Europe during the French Revolution,

1789—1795.

SYMONDS'

4 Vols.

8vo.

48«.

(Rev. W.) Records of the Rocks; or Notes on the

Geolopy, Natural History, and Antiquities of North and South Wales,
With Illustrations. Crown 8vo. 125.
Siluria, Devon, and Cornwall.

See Barclay; Deutsch.
India in 1880.

TA.LMTJD.

TEMPLE

(Sir RicnARD).

With Maps.

Men and Events of My Time in India.
THIBAUT'S (Antoine) Purity in Musical Art.
the GeiTiian. With a prefatory
Post 8vo. 7s. 6d.

8vo.

165-.

8vo.

Translated from
Memoir by W. H. Gladfitone, M.P

TH.IELMANN

(Baron).
Journey through the Caucasus to
Tabreez, Kurdistan, down the Tigris and Euphrates to Ninereh and
Babylon, and across the Desert to Palmyra,. Translated by Cuas.
Heneage. Illustrations. 2 Vols. PostSvo. 18*.
(Archbishop). Lincoln's Inn Sermons. 8vo. IO5. 6d.

THOMSON

Life in the Light of God's

Word, Work, & Will

TITIAN'S LIFE

:

Word.

Post 8vo.

Collected: Essays.

Crown

5s.

8vo. 9s.

AND

TIMES.
With some account of his
Family, chiefly from new and unpublished Records. Hy Crowe and
Cavalcaselle. With Portrait and Illustrations. 2 Vols. Svo. 21s.
TOCQUEVILLE'S State of Society in France before the Revolution,
1789, and on the Causes which led to tUat Event. Translated by Henry
Reeve. 8vo. 14s.
TOMLINSON(Chas.); The Sonnet; Its Origin, Structure, and Place
With translations from Dante, Petrnrrb, &c. PostSvo. y*.
(Kev.' H. F.) Highlands of Turkey, with Visits to Mounts
Ida, Athos, Olympus, and Pelion. 2 Vols. Crown 8vo. 24*.
Post
Lectures on the Geography of Greece. Map.

in Poeirv.

TOZER

—

8vo.

9s.

TRISTRAM

(Canon). Great Sahara. Illustrations. Crown 8vo. 156".
Land of Moab ; Travels and Discoveries on the East
Side of the Dead Sea and the Jordan. Illustrations. Crown 8vo. 15s.
The Cathedral: its Necessary Place' in
(Bishop
of).
TRURO

Work

of the Church.

Grown

TWENTY YEARS' RESIDENCE

among

the Life and

Turks, Armenians, and Bulgarians.

Crown

8vo.

Svo.

^n.

the Greeks, Albanians,
By an English Lady. 2 Vols.

21s.

TWINING (Hev. Tuos.).

Records of a Life of Studious Relirement
Being Selections from His Correspondence. Svo.
[In the Tress

.
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WORKS PUBLISHED BY

LIST OF

TWISS' (Horace)

Lord Eldon.

Life of

MR. MURRAY.

2 Vols.

Post 8vo.

2ls.

TYLOR

(E. B.) Researches into the Early History of Mankind,
and Development of Civilization. 3id Edition Revised. 8vo. 12s.
Primitive Culture ; the Development of Mythology,
Philosopliv. Relif^ion, Art, and Custom. 2 Vols. 8vo. 24s.

^

VATICAN COUNCIL. See Leto.
VIRCHOW (Professor). The Freedom

WACE

of Science in the
Modern State. Fcap. 8vo. 25.
The
i<s
WitRCsses
the PrinGospel auu
(Rev. Henry).
cipal Fiicts in the Life of our Lord, and the Authority of the Evangelical
:

Crown Bvo.
WELLINGTON'S Despatches during
Narratives.

his

Campaigns in India,

Denmark, Portugal, Spain, the Low Countries, and France.

8 Vols.

20s. each.

Bvo.

Supplementary Despatches, relating to India,

;

Ireland, Denmark, Spanish America, Spain, Portugal, France, Con14 Vols.
gress of Vienna, "Waterloo and Paris.
8vo.
20s. each.
\* An Index. 8vo. 20s.

and

Civil
VIII.

8vo.

WHEELER
WHITE

(G.).

Naval

8vo.

6<J.

24s.

(Edwaed%

WILBERFORCE'S
8vo.

to

425.

of Naval Architecture, for the use of
Shipowners, Shipbuilder-, and Yachtsmen. Illustra-

The Ascent

Medium

100 Illustrations.

Crown

I.

Manual

Officers,

tions.

Vols.

Speeches in Parliament. 2 Vols. 8vo.
Choice of a Dwelling. Post 8vo. 7s.

(W. H.).

WHYMFER

Political Correspondence.

20s. each.

Bvo.

of the Matterhorn.

With

10s. 6d.

(Bishop) Life of William Wilberforce. Portrait.

6s.

(Samuel, LL.D.), Lord Bishop of Oxford and
AViuchester; his Lite. By C nvm .\.sinvELL, D.D., and K. G. WiliskrrOECE. With Portraits and Wof>dC!its. Vols. I. and 1 1, bvo. 15s. each.

WILKINSON

(Sir

Mauners and Customs

J. G.).

of the Ancient

Egyptians, their Private Life, Laws, Aits, Religion, &c. A new t-dition.
Edited by Samuel Birch, LL.D. Illustrations. 3 Vols. &vo. 84s.

Popular Account of the Ancient Egyptians.
500 Woodcuts.

WILSON
WOOD'S

-2

Post 8vo.

Vols,

W

ith

125,

(John, D.D.). See Smith (Geo ).
(Captain) Source of the Oxus. With the Geography
By Col. Yule. Map. 8vo. 12a.

of the Valley of the Oxiis.

W^ORDS OP

HUMAN

WISDOM.

Collected and Arranged

by

Canom Liddun Fcap. 8vo. 3-. fid
AVORDSWORTH'S (Bishop) Greece Pictorial, DescripUve, and
Historical. With >in Introduction on the Characteristics of Greek Art
by George Schakf, F.S, A. A Revised Edition, by II. F. Tozeb,
Wit^h a Pi eface bv

E. S.

;

M.A., with

YORK

Royal 8vo.

Illustrations.

(Archbishop
Gospels.
Nature.

Death
h>ports

—Sjnoptic

op).
Collected Essays. Contents.
of Christ. God Exists. Woith of Life.

Design in

Emotions

Detects in

and Pastimes

in Preaching.

Work. Limits of Pbilosophical Enquiry. Crown 8vo. Ps.
(Colonel). Book of Marco Polo. Illustrated by the Light
of Oritntal Writers and Modern Travels. With Maps and 80 Plates.
jMission<iry

YULE

2 Vols.

Medium

A

A. F.

...

8vo.

2s.

6

8vo.

63s.

Little

Light on Cretan Insurrection.

I.

BRADBURY, AGNliW, &

CO., PR'.NTEBS,

WUITEFBIARS.

Post

